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Signal and spectrum analysis: 
new models for  
upscale requirements
When it comes to investigating wideband communications systems or high-resolu-

tion radars, you need top-rank analyzers. New models in the top and upper middle 

class raise the bar even higher.

General purpose



Making the reference instrument  
even better
For years, the R&S®FSW family of analyzers has defined the technological leading edge of the market. They 

now offer enhanced specifications, features and operation in a brand new look.

Improving an instrument that is already at the upper end 
of the performance scale is a very difficult task. With the 
R&S®FSW (Fig. 1), that has succeeded in several aspects:

Better specifications
The phase noise – a decisive parameter for many high-end 
applications – is now typically –140 dBc/Hz at 1 GHz and 
10 kHz carrier offset or –133 dBc/Hz at 10 GHz and 10 kHz 
offset.

Improved features and functionality
 ❙ The touchscreen is now capacitive and understands new 
gestures.

 ❙ All models at 26 GHz and above now support up to 2 GHz 
internal analysis bandwidth; if you want to demodulate sig-
nals up to 5 GHz with the aid of an R&S®RTO oscilloscope, 
you can do this with selected models.

 ❙ The real-time bandwidth can be expanded to a maximum of 
800 MHz. Signals with bandwidths up to 512 MHz can be 
streamed over the I/Q interface and recorded, for example 
by the new R&S®IQW I/Q recorder (see the brief profile on 
page 63).

Fig. 1: Analytics 

 powerhouse: key 

specifications of the 

R&S®FSW have been 

further improved.

 ❙ Generating remote control programs is very easy with the 
SCPI recorder. This tool converts manual operator actions 
directly into remote control commands and offers further 
aids for automatic program generation.

 ❙ In addition to the previous 1 mm connector, the top model 
R&S®FSW85 now has a second input with the more robust 
1.85 mm connector for measurements up to 67 GHz, as well 
as higher measurement sensitivity above 50 GHz.

800 MHz real-time analysis for accurate signal 
level detection with extremely short signals
In the development and characterization of frequency agile 
radar systems and communications solutions, it is essential to 
acquire signals seamlessly, detect extremely short signals and 
record relatively long sequences without interruptions. This is 
only possible with a real-time analyzer. Regulatory authorities 
need real-time analyzers too, in order to track down undesir-
able or unlicensed signals.

Even for relatively simple applications, real-time analysis is 
also a helpful tool. With sweeping analyzers, it is difficult and 
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time-consuming to investigate intermittent or brief events in 
the frequency domain, the spectral behavior of signal sources 
during frequency switching, or the influence of digital circuits 
on RF signals.

Whereas the previous version of the R&S®FSW was able to 
analyze spectra up to 512 MHz bandwidth in real time, the 
new instrument generation now offers an analysis window 
width up to 800 MHz with the R&S®FSW-B800R option. The 
FFT length is adjustable between 32 and 16 384 to achieve 
different resolution bandwidths. Signals as short as 0.46 μs 
are detected with correct signal levels with a probability of 
intercept (POI) of 100 %, and signals lasting only a few nano-
seconds are still reliably detected but not necessarily with cor-
rect signal levels. More than 2 million spectra per second go 
into the evaluation. Since the human eye can only process 
at most 30 images per second, the R&S®FSW offers displays 
that enable the user to see all events, such as the persistence 
spectrum and the spectrogram (Fig. 2). A frequency mask 
trigger (FMT) automatically evaluates all 2.34 million spectra 
per second and responds to user-defined events, even if they 
only last for a few nanoseconds.

If you want to record real-time spectra over extended periods 
for evaluation later on, for example during field measurements, 
or if you want to use a signal generator to feed in a realistic 
environment in a lab scenario, the measurement data can be 
streamed to an I/Q recorder (such as the new R&S®IQW; see 
page 63) with the R&S®FSW-B517 option installed. If the full 
streaming bandwidth of 512 MHz is used, sequences lasting 

more than 40 minutes can be recorded; with smaller band-
widths, the sequences can be significantly longer.

Wideband analysis of radar or communications 
signals with 2 GHz internal bandwidth
Complex radar applications and the latest communications 
standards require very large analysis bandwidths, but they 
do not necessarily need to be available in real-time mode. 
For example, up to 400 MHz bandwidth is necessary for the 
analysis of 5G NR signals, or as much as 2 GHz for WLAN 
802.11ad signals. If digital preemphasis is used for 5G NR 
to increase transmission quality, at least one adjacent chan-
nel on each side must be included in the measurement. This 
alone requires 1.2 GHz bandwidth.

The R&S®FSW not only offers up to 2 GHz internal analysis 
bandwidth to meet these requirements, but also the matching 
application software in the instrument for automatic measure-
ment of the modulation quality of 5G or WLAN signals (Fig. 3). 
The R&S®FSW67 model can acquire WLAN 802.11ad signals 
in the 60 GHz band without supplementary converters.

If 2 GHz is not enough
The only substitute for bandwidth is even more bandwidth. 
The next generation of automotive radar sensors will work 
with chirp signals with a bandwidth of 4 GHz. The new WLAN 
802.11ay standard already requires at least 5 GHz to analyze 
two channels. Similar trends can be seen in the A&D sector.

Fig. 2: Real-time anal-

ysis with 800 MHz 

bandwidth at a center 

frequency of 2.1 GHz, 

allowing simultane-

ous acquisition of ISM 

and LTE bands. The 

persistence spectrum 

at the top color-codes 

the spectra according 

to their frequency of 

occurrence, while the 

spectrogram below 

shows the spectral 

history.
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Fig. 3: Analysis of a 

5G NR downlink sig-

nal at 28 GHz with 

the R&S®FSW-K145 

option. Various views, 

such as EVM vs. car-

rier, the constellation 

diagram and tabular 

listing of all important 

parameters enable 

fast characterization 

or optimization of the 

5G application.

The R&S®FSW equipped with the B5000 option and an 
R&S®RTO2064 oscilloscope provides up to 5 GHz analysis 
bandwidth. Unlike other solutions, the frequency response 
of this combination is fully deemphasized and the user can 
start working right away without worrying about calibration. If 
the B5000 option is installed in the top model, R&S®FSW85, 
next generation automotive radar signals with a bandwidth 

of 4 GHz can be acquired directly at 79 GHz and analyzed 
(Fig. 4). The frequency response of the R&S®FSW85 extends 
to 90 GHz; measurement up to 85 GHz is possible with pre-
selection. On the other hand, if measurements at frequencies 
below 67 GHz are on the agenda, the instrument has a sec-
ond front-panel RF input with the more robust 1.85 mm con-
nector available for that purpose.

Fig. 4: Measuring the 

short chirp of a radar 

signal with a band-

width of 2 GHz, using 

a 5 GHz measure-

ment bandwidth. The 

quickly declining fre-

quency chirps were 

the main focus of 

this measurement 

and were therefore 

selected. The spec-

trogram shows that 

there are no unde-

sired sidelines outside 

the band.
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Analysis of very pure signals and sources
The quality of a signal analyzer or spectrum analyzer is essen-
tially determined by the phase noise of the internal local oscil-
lator. Low phase noise helps with accurate measurement of 
modulation quality and spectral measurements close to the 
carrier – for example, measuring the adjacent channel power 
of narrowband transmission systems or checking spectral 
masks. It is also indispensable for characterizing components 
such as VCOs or synthesizers.

Fig. 5: Phase noise 

measurement on a 

high-grade oscilla-

tor at 10 GHz with the 

R&S®FSW-K40 mea-

surement applica-

tion. The measure-

ment results for var-

ious offset frequen-

cies are shown at the 

bottom.

Consequently, the phase noise performance of the R&S®FSW 
has been further improved. With –140 dBc/Hz at 10 kHz off-
set and 1 GHz receive frequency or –133 dBc/Hz at 10 GHz, 
it outshines all current competitors. In combination with the 
R&S®FSW-K40 option, this performance enables phase noise 
measurements that previously required top-notch phase noise 
measurement stations (Fig. 5). Using a digital PLL, in I/Q 
mode the R&S®FSW can track the drift of the DUT, enabling 
characterization of VCOs close to the carrier.

Fig. 6: The SCPI recorder notes what the user does. Here it 

activates the 5G NR option, performs a measurement and 

then queries the EVM. The script can be exported in various 

formats.
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SCPI recorder and new touch gestures  
simplify operation 
Developing an instrument remote control program can be 
a long and difficult process. Users have to study the man-
ual to find the right SCPI commands and figure out what the 
parameters mean. The online manual available on the instru-
ment does not help much. Now the R&S®FSW with its stan-
dard SCPI recorder enables quick and easy program genera-
tion. Users switch on the recorder and manually execute their 
measurement sequence. The instrument automatically con-
verts user entries into a command sequence, taking param-
eter configuration into account (Fig. 6). Specific result que-
ries can be added from a table by touching the table until a 
menu appears and then selecting the exact parameters to be 
copied. The finished script file can even be exported to C++, 
MATLAB® or Python. Synchronization sequences can also be 
inserted automatically. Creating a program to control a signal 
and spectrum analyzer has never been easier – even novice 
programmers can quickly do the job.

Even more important than easy program generation is con-
venient manual operation. Touchscreens have long since 
become standard on measuring instruments because they 
provide distinct gains in convenience and efficiency, both 
for device configuration and for presenting results. Now the 
R&S®FSW has a capacitive touchscreen that is just as sensi-
tive as a smartphone screen. Changing the frequency or the 
reference level with a gesture, or zooming in on a trace with 
two fingers, has an immediate effect. Users can also choose 
whether or not critical settings, such as the input attenuation, 
can be altered with a swipe gesture.

In summary: With its improved specifications, features 
and options, the R&S®FSW is still at the head of the pack. 
Along with the largest internal analysis bandwidth in nor-
mal and real-time operation, it offers key RF parameters such 
as phase noise that are unmatched by any other instrument. 
Moreover, operation and programming of the instrument are 
even  easier now.

Dr. Wolfgang Wendler

Recording and playing back  
long signal sequences
Top-end analyzers such as the R&S®FSW 
can analyze signals with multi- gigahertz 
bandwidth, but with their onboard 
resources they can only do this either live 
or based on very short internally stored 
sequences. Especially with high band-
width measurements, the data rates are so 
high that only the fastest SSDs at the pro-
fessional level can handle them – and even 
then only if the entire data flow architec-
ture is designed accordingly. External high-
performance recorders, such as the new 

to be coordinated with the recording loca-
tion. In the lab, the recorded baseband sig-
nal is converted back to the RF domain by 
an attached R&S®SMW200A vector signal 
generator to provide realistic signals for test 
setups. Of course, the recorder can also 
be useful in pure lab applications. It can be 
operated easily and conveniently via the 
touchscreen or a computer connected over 
the LAN, especially because a wizard helps 
with the settings. For use in sensitive areas, 
such as the A&D environment, the swappa-
ble SSD can be secured to prevent removal.

The R&S®IQW can seamlessly record long 

signal sequences with bandwidths up to 

512 MHz and 16 bit I/Q resolution.

R&S®IQW, can remedy this situation. Con-
nected to the HS digital I/Q interface of the 
R&S®FSW, the R&S®IQW can seamlessly 
record long signal sequences with band-
widths up to 512 MHz and 16 bit I/Q resolu-
tion. With an input signal at this maximum 
bandwidth, which corresponds to a trans-
fer rate of 2.5 Gbyte/s, a 6.4 Tbyte swap-
pable SSD is good for 42 minutes. Record-
ing times of several hours are possible with 
lower bandwidth. A typical application for 
the R&S®IQW is recording real-world RF sce-
narios with an R&S®FSW as the frontend. 
The integrated GPS module allows the data 
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