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Using R&S®RTO oscilloscopes  
with digital channels to test complex 
embedded systems
The R&S®RTO-B1 option turns the R&S®RTO oscilloscopes into precise, fast, easy-to-use mixed signal oscil-

loscopes (MSO). With two or four analog channels and 16 digital channels for extended logic analysis, plus 

the option of protocol-specific triggering and decoding, these scopes offer hardware and software devel-

opers a powerful tool for analyzing embedded systems.

A tool for analyzing complex embedded systems
The more tasks an embedded system is to accomplish, the 
more complex it becomes and the greater the variety and 
number of interfaces between its digital and analog compo-
nents. It is not uncommon for a system design to combine 
1-bit signals, clocked and unclocked parallel data buses and 

serial data buses. To manage this growing complexity, devel-
opers need to analyze all these interfaces at various levels of 
abstraction. This usually requires complex test setups with 
multiple instruments, each of which is operated differently: 
Analog waveforms are analyzed with an oscilloscope, digital 
signals with a logic analyzer and transmission protocols with 
a protocol analyzer.

However, there is a way to significantly reduce the effort 
involved: Installing the R&S®RTO-B1 option in an R&S®RTO 
equips the scope with digital channels for analyzing digi-
tal states and protocol details in addition to its analog chan-
nels, turning it into a mixed signal oscilloscope that combines 
the measurement capabilities of a digital storage oscilloscope 
with the analysis capabilities of a logic analyzer (FIG 1). The 
scope can acquire analog and digital channels synchronously, 
enabling users to perform time-correlated analyses with one 
and the same T&M instrument. Users are able to analyze cir-
cuits at different levels of abstraction with a single, easy-to-
use T&M instrument. This makes the R&S®RTO ideal, both for 
hardware developers who need to analyze signal integrity and 
for software developers who need to examine the content of 
signals.

The two-phase principle: acquisition and analysis
The functioning of a digital oscilloscope can be split into two 
sequential phases, i.e. the acquisition phase followed by the 
analysis phase. During the acquisition phase, the sampled 
test signals are written to memory. During the analysis phase, 
the acquired waveforms are analyzed and output.

When configured as a mixed signal oscilloscope, the 
R&S®RTO uses this two-phase principle for both the analog 
and digital channels. It continues to behave as a conventional 
oscilloscope, with suitable functionality for the analog and 
digital channels. The many channels and the resulting range 
of setting options make a simple and clear user interface 

FIG 1 The R&S®RTO oscilloscope with the R&S®RTO-B1 mixed signal 

option installed.
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extremely important. This is where the R&S®RTO excels. Its 
flat menu structure and the signal flow diagrams make it 
highly intuitive to use, even with the R&S®RTO-B1 mixed sig-
nal option installed. The operating menus are transparent so 
they do not hide the measurement windows. As a result, any 
adjustment to the settings that alters the waveforms is imme-
diately visible. For improved clarity, waveforms can also be 
grouped together on the screen in separate windows. 

High time resolution combined 
with long acquisition cycles
A high time resolution is an advantage for both the analog 
and the digital channels. It enables the oscilloscope to ana-
lyze events in digital signals with the required precision to reli-
ably detect even narrow glitches. When digital channels are 
used as the trigger source, the trigger point is still determined 
with a high degree of accuracy, ensuring that waveform jitter 
during visualization is minimal. 

This is why the R&S®RTO-B1 mixed signal option offers a 
sampling rate of 5 Gsample/s on its 16 digital channels (and 
10 Gsample/s on the analog channels). For the digital chan-
nels, this translates into a time resolution of 200 ps over the 
entire acquisition depth of 200 Msample, which is exceptional 
for an instrument in this class. Even events that occur long 
after the trigger point are displayed with high time precision. 
The mixed signal option’s memory operates independently of 
the base unit, so the acquisition depth of 200 Msample is not 
affected by the number of analog and digital channels being 
used. 

If the time resolution of the analog channels exceeds 
that of the digital channels (such as at a sampling rate of 
10 Gsample/s or during interpolation), sample&hold interpola-
tion is used to adjust the digital channels to the sampling rate 
of the analog channels. This allows analog waveforms and 
digital signals to be analyzed together. 

The maximum acquisition depth of 200 Msample per digi-
tal channel is sufficient for a large number of applications, 
including the acquisition of long data sequences on serial 
buses. At a bit rate of 400 Mbit/s and a sampling rate of 
5 Gsample/s, the acquisition depth is 16 Mbit. This is enough 
to acquire long data sequences as well as a large number of 
sequential waveforms. 

The trigger types users need
On digital channels, oscilloscopes generally support those 
trigger types that require a single amplitude threshold – the 
threshold of the logical transition. With the R&S®RTO-B1 
mixed signal option, these are trigger types such as Edge, 
Width, Timeout, Pattern, State, Data-to-Clock and Serial Pat-
tern with Time, Event and Random Time holdoff functionality 
(FIG 2). Individual digital channels, bus signals or any logical 
combination of all digital channels based on logical operators 
such as AND, OR and XOR can serve as trigger sources. All 
signals that users can select as trigger sources – in particular, 
logical combinations of digital channels – can be visualized in 
the analysis phase.

The R&S®RTO-B1 option at a glance
 ❙ 16 digital channels, sampled at 5 Gsample/s with a time 
resolution of 200 ps over the entire memory depth of 
200 Msample for detecting of even narrow, widely sepa-
rated glitches

 ❙ Acquisition and analysis rate of up to 200000 wave-
forms per second on analog and digital channels for 
rapid detection of rare events

 ❙ Two active 8-channel probes with a high input imped-
ance and low input capacitance of 100 kΩ || 4 pF for 
high signal fidelity and low loading of test points; adjust-
able hysteresis for suppressing noise

 ❙ User-installable plug-in

FIG 2 Analyzing setup and hold times is especially easy on parallel 

data buses: Users can trigger on setup and hold time violations for up to 

15 data channels.
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Sophisticated technology for 
high-speed measurements
A common challenge when designing digital oscilloscopes 
is how to minimize blind time in order to detect rare events 
more quickly. Blind time can be reduced by optimizing the 
analysis phase. 

In the R&S®RTO-B1 mixed signal option, a high-speed chip 
handles all of the signal processing, from acquisition and trig-
gering to visualization, cursors functions and measurements. 
It is so fast that the scope can display up to 200000 wave-
forms per second, irrespective of the number of analog and 
digital signals being analyzed. 

Perfect waveform visualization …
The display refreshes every 30 ms, about as fast as the human 
eye can perceive it. Oscilloscopes in the R&S®RTO  family 
therefore superimpose the analog channels’ waveforms 
based on frequency and save them in hardware between two 
screen dumps so as to be able to display all of the waveforms 
on screen. The R&S®RTO-B1 mixed signal option also uses 
this display method for the digital channels. 

All binary signals acquired between two screen dumps are 
superimposed based on frequency. At an acquisition rate of 
200000 waveforms per second, all 6000 acquired waveforms 
are visualized simultaneously on the screen. This provides 
users with an overview of the frequency of binary states and 
edge transitions over the entire period (FIG 3). Using search 
functions, they can read out individual waveforms for more 
precise analysis. 

By contrast, bus signals are not superimposed based on their 
frequency because the data they contain is from a combina-
tion of multiple binary signals. To make the analysis of bus 
signals easier, users can adjust the display style to suit the 
bus format. The scopes differentiate between clocked and 
unclocked data buses. With unclocked data buses, the logic 
state is determined for each sample. With clocked data buses, 
it is determined only for valid edges of the clock signal. The 
results are displayed in the bus format, in tabular form or as 
an analog waveform in binary, hexadecimal, decimal and frac-
tional format (FIG 4). 

… and analysis
Key factors in the precise and efficient examination of wave-
forms are the number and the quality of the analysis func-
tions provided by the mixed signal oscilloscope. For the ana-
log channels, these functions include automatic amplitude 
and time measurements, statistical analysis of these measure-
ments, math functions and cursor functions. 

FIG 4 Different presentations of a parallel bus signal as the input signal 

of an A/D converter (top), as binary signals at the output and as analog 

waveforms (bottom). 

FIG 3 Visualization of all acquired waveforms, writing to memory and 

superimposing of waveforms (bottom left): The frequency of events cap-

tured at an acquisition rate of 200000 waveforms per second is shown 

using intensity grading.
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FIG 6 Measurements and cursor functions on digital channels. At the top 

of the screen is a detailed statistical analysis of the measurements.

For the digital channels, the R&S®RTO-B1 mixed signal option 
provides a wide choice of time measurements and related 
statistical analyses, cursor functions and math functions (all 
logic operations) on all 16 digital channels (FIG 6). The math 
signal also serves as a source signal for the measurement 
functions. Cursor functions can be used on binary signals, 
bus signals and logical combinations of digital channels.

A consistently clear view of the application
One new feature of the R&S®RTO-B1 option is 
the ability to perform Fourier transforms on par-
allel data buses. This can be useful when ana-
lyzing A/D converters, for instance. An exam-
ple: There is a sinusoidal tone at the input of the 
converter (FIG 5, top). The digitized output sig-
nal is fed into the mixed channel oscilloscope’s 
digital channels as a parallel bus signal (FIG 5, 
bottom). Interference that can be detected only 
with difficulty in the time domain is clearly visi-
ble in the frequency domain. This ability to dis-
play digital bus signal spectra greatly simplifies 
the analysis of typical mixed signal designs.

FIG 5 Fourier analysis is very useful on parallel data buses. This screenshot shows 

the analysis of the spectrum at the output of an A/D converter.

Summary
Equipped with the mixed signal option, the R&S®RTO oscillo-
scopes provide basic logic and protocol analyzer functional-
ity. The benefits for users include simpler test setups, a sin-
gle user interface and synchronized visualization of analog 
waveforms, digital signals and protocol details in one instru-
ment. This means users can concentrate on the actual pro-
cess of analyzing circuits. Mixed signal oscilloscopes are a 
valuable tool for hardware developers when analyzing signal 
integrity and for software developers when analyzing the con-
tent of signals.

Dr. Wolfgang Herbordt
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