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R&S®RTM2000: multitalented oscilloscope 
with spectrum analysis capabilities
Thermostats and electric blinds can be remotely controlled, sensors transmit health data to smartphones, 

and tires automatically report the tire pressure – wireless interfaces are everywhere. Consequently, more 

tests are necessary in the frequency spectrum.

Trend toward versatile test instruments
The integration of radiocommunications components in 
advanced embedded systems increases the amount of testing 
that has to be done during development. In addition to char-
acterizing and debugging analog and digital signals in the time 
domain, frequency spectrum analysis is becoming increas-
ingly important. It is not enough to simply test the wanted sig-
nals; EMI and the resulting errors also have to be detected.

For efficient development, a workbench full of instruments – 
including an oscilloscope, spectrum analyzer, logic analyzer, 
protocol analyzer and multimeter – is required. T&M equip-
ment manufacturers are addressing this trend by increasingly 
integrating individual specialized instruments into a single 
universal test instrument. This reduces space requirements 
and investment costs. The instruments are also easier to use 
thanks to a uniform GUI tailored to the specific requirements 
of each measurement discipline.

Fig. 1: The R&S®RTM2000 oscilloscope, now with 

spectrum analysis function.
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Two-path architecture of the R&S®RTM2000
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The first functions to be integrated were digital signal analy-
sis and protocol analysis. In 2010, the R&S®RTO high-perfor-
mance digital oscilloscope already offered spectrum analy-
sis functions, implemented with intelligent, hardware-assisted 
fast Fourier transformation (FFT). This functionality is now also 
available in the R&S®RTM2000 oscilloscope (Fig. 1). The new 
range of functions includes an integrated digital voltmeter – 
either in the probes or in the base unit.

Integrated instruments offer the greatest benefit when their 
individual functions can be independently configured yet 
used in parallel. For example, if a very long acquisition cycle 
is required for protocol analysis in the time domain in order 
to acquire all needed communications signals, then the sam-
pling rate must be decreased (depending on the available 
memory). If at the same time high-frequency signal compo-
nents in the spectrum need to be analyzed in detail, then the 
full sampling rate is needed for this signal path. Only through 
parallel and time-correlated analysis is it possible to detect 
and eliminate interactions. Allowing functions to be used in 
parallel provides high flexibility and eliminates the need to 
compromise on test coverage.

Spectrum analysis with oscilloscopes
While logic and protocol analyses are now also available in 
the lower price classes, only a few oscilloscopes offer true 
spectrum analysis functionality. Insights into the frequency 
spectrum are usually only possible by using the rigid con-
ventional FFT, which can require several seconds for individ-
ual calculations. Typical FFT implementations calculate the 
spectrum over the entire acquired waveform. Because the 

Fig. 2: Two-path architecture for simultaneous measurements and independent setting of time and spectrum analysis parameters.

resulting frequency resolution and range seldom match the 
problem under analysis, it is necessary to zoom in on the 
relevant section. Several convenient software applications 
use gating to allow preselection – albeit in the time domain, 
not the frequency domain. This is important when analyz-
ing switching processes, for example. However, these meth-
ods do not change the fact that the sampling rate must be 
reduced due to a lack of memory.

Additional measurement tools and display options are also 
important during analysis. Spectrum analysis includes dis-
plays for min. hold, max. hold and average that allow border-
line cases and average values to be quickly detected. Mark-
ers for automatic peak searches facilitate spectrum analysis. 
Changes in the spectrum over time or sporadic interfering sig-
nals are visible in the spectrogram display, with color coding 
of amplitudes versus frequency and time.

All of these features are available in the R&S®RTM-K18 spec-
trum analysis and spectrogram option for the R&S®RTM2000 
oscilloscope. Its specialized architecture – with a separate 
spectrum analysis signal path directly after the A/D converter 
– makes it possible to directly analyze the spectrum of analog 
input signals, from DC to the instrument bandwidth (Fig. 2). 
Thanks to this two-path architecture, correlations between 
data errors on digital interfaces and spectral interference can 
be detected. A hardware-implemented digital downconverter 
(DDC) in the R&S®RTM2000 reduces the spectrum to the rel-
evant parts, ensuring high-speed analysis. The measurement 
parameter settings can be separately optimized in the time 
domain (duration and resolution) and in the frequency domain 
(center frequency, span and resolution bandwidth).

NEWS 213/15 27



no load

constant emissions

small load

high load

variable load

28

Example:  
EMI debugging on a switched-mode power supply
The R&S®RTM-K18 option’s measurement tools allow efficient 
analysis of one of the primary sources of electromagnetic 
interference: the ubiquitous switched-mode power supply 
(SMPS) and its lines. Typically, interference signals from these 
components fall significantly below 20 MHz, while most EMC 

Fig. 3: The R&S®RT-HZ15 near-field probe set allows the oscilloscope to 

analyze specific lines and components.

Fig. 4: Emission profile of an SMPS 

analyzed using the R&S®RTM-K18 

spectrum analysis and spectro-

gram option. The various load 

states are clearly seen in the spec-

trogram (top). The spectrum win-

dow (bottom) shows the max. hold 

trace for all load conditions.

standards specify conducted emission limits of up to 30 MHz 
and radiated emission limits of up to 1 GHz. While these mea-
surements are usually performed by specialized labs, espe-
cially in the far field, it is possible to analyze specific lines or 
components during development by using the R&S®RTM-K18 
option and appropriate near-field probes (Fig. 3). Design prob-
lems can be quickly identified and eliminated.

Spectrum analysis is started with the press of a button; the 
display can be adjusted as needed. In Fig. 4, the time domain 
view is disabled to focus on the frequency spectra. The cur-
rent spectrum is shown at the bottom, and the individual 
spectra are displayed over time line by line in the top half 
of the screen. The various operating states of the SMPS are 
clearly identifiable. In the example, it can be seen that sev-
eral interferers occur independently of the SMPS load. Mark-
ers and the max. hold trace (blue) in the bottom half of the 
screen make it possible to quickly determine the frequencies. 
Because analysis using near-field probes also identifies the 
location of the emission, the problem is resolved satisfactorily 
by adding targeted shielding or by replacing components.

Example: VCO analysis
Analyzing the switching behavior of a voltage-controlled 
oscillator (VCO) that can be controlled via serial protocols is 
more complex. In the example (Fig. 5), the VCO is cyclically 
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switched between three states. To select the events to be 
analyzed, the protocol trigger is set to the command that sets 
the frequency (data: 01 h, upper part of screen). By limiting 
spectrum analysis to specific segments of the time signal, the 
states before, during and after switching can be easily ana-
lyzed. In the example, the analyzed time slice is set to shortly 
after each switching operation, which is indicated by the two 
vertical lines in the top part of the screen. Switching between 
states is best seen in the spectrogram (middle of screen). In 
the example, the analyzed oscillator is incorrectly set to the 
same frequency multiple times, and so the same lines appear 
multiple times in the spectrogram. The determined time inter-
val between the frequency switchovers indicates that the 
underlying problem is in the control. Any outliers would be 
clearly visible in the spectrogram and easily isolated and ana-
lyzed. If the R&S®RTM-K15 history and segmented mem-
ory option is enabled, the faulty waveform and its associated 
spectrum (bottom of screen) can be loaded from the up to 
460 Msample memory and analyzed using the oscilloscope’s 
analysis tools. 

Summary
The time-correlated spectrum analysis function integrated in 
the R&S®RTM2000 oscilloscope is another important analy-
sis tool for developers and is a consistent step forward in the 
trend toward integration of T&M equipment. Specifically, the 

R&S®RTM2000 is now an oscilloscope, spectrum analyzer, 
logic analyzer, protocol analyzer and digital multimeter in one. 
Developers of complex embedded systems with RF interfaces, 
in particular, will now often be able to do without specialized 
equipment and still achieve their goals more quickly and sys-
tematically. Development time is also reduced if preliminary 
EMI studies are performed using near-field probes that permit 
precise localization of problematic components.

Dr. Philipp Weigell

Fig. 5: Analysis of a VCO show-

ing errors in the frequency switch-

ing behavior. The top part of the 

screen shows the analog, digi-

tal and decoded serial bus signals 

as well as the results of the volt-

age measurement using the dig-

ital voltmeter. The bottom part of 

the screen shows the current spec-

trum with color-coded amplitude. 

Lines appearing multiple times in 

the spectrogram (middle of screen) 

indicate faulty frequency switching.

Spectrum analysis and spectrogram option

Spectrum

Sources
each analog channel, reference wave-
forms, mathematic waveforms

Span 1 kHz to 1.25 GHz 

Resolution bandwidth span/10 ≥ RBW ≥ span/1000

Windows
flat top, Hanning, Hamming, Blackman, 
rectangle

Display formats normal, max. hold, min. hold, average 

Spectrogram
Size up to 600 lines

Color schemes rainbow, temperature, monochrome

Markers

Automatic  
peak markers

up to 100

Reference markers via index or frequency

Fig. 6: Key characteristics of the R&S®RTM-K18 option.
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