General purpose

Signal integrity in real time
with the new R&S®RTP
oscilloscope family
The new R&S®RTP high-performance oscilloscopes offer outstanding measurement accuracy, speed and functional diversity, making them ideal for debugging during development. Their capabilities and performance characteristics are
tailored to the requirements of fast digital interfaces, wideband wireless interfaces and sophisticated embedded designs.

Fig. 1: R&S®RTP oscilloscopes set new performance standards in their class with ASICs developed inhouse and
real-time hardware signal processing.
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Multitalent for everyday lab tasks
The R&S®RTP oscilloscopes – available in three bandwidths
from 4 GHz to 8 GHz– are versatile T&M tools for lab use.
They are a combination of multiple measuring instruments in
a compact format (Figs. 1 and 2).
Their four analog channels address time domain measurements on fast interfaces, clock signals and wideband transmitters. The input signals can also be analyzed in the frequency
domain. Operation is similar to a spectrum analyzer, with the
typical configuration parameters of start frequency, stop frequency and resolution bandwidth. Searching for intermittent
EMI is simplified by the high acquisition rate and functions
such as logarithmic axis scaling and the waterfall diagram
(spectrogram). Detailed signal analysis can be performed with
the R&S®VSE vector signal explorer software option.

Key features
❙❙ Bandwidth (4 analog channels)
■■ R&S®RTP084: 8 GHz
■■ R&S®RTP064: 6 GHz
■■ R&S®RTP044: 4 GHz
❙❙ Sampling rate: 20 Gsample/s per channel
❙❙ Acquisition memory:
■■ 50 Msample per channel
■■ 2 Gsample max.
❙❙ Mixed signal oscilloscopes (MSO) with16 digital
channels
■■ 400 MHz bandwidth
■■ 5 Gsample/s sampling rate
■■ 200 Msample memory depth

The up to 16 digital channels with 400 MHz bandwidth are
ideal for analyzing relatively slow protocol based control and
programming interfaces such as I2C, SPI and CAN.
A generator option with two arbitrary 100 MHz analog outputs and eight digital function generator channels is also
available. If the oscilloscope is equipped with the R&S®RT-ZVC
option, up to 16 additional 1 MHz channels with a vertical resolution of 18 bit are available for high-precision voltage and
current measurements.

As a special feature, a differential pulse source for pulses with
a rise time of 22 ps and a bandwith of 16 GHz can be installed
and used as a stimulus source for DUTs or for transmission
and reflection tests (TDT/TDR) on signal lines.

Multi-instrument capability

Analog
❙ Voltage and
time domain
measurements

Generator
❙ Reference clock
❙ Arbitrary waveforms
❙ Modulated signals
❙ Protocol templates

Logic
❙ Data verification
❙ Timing verification
❙ Bus decoding

Protocol
❙ Protocol decoding
❙ Protocol triggering
❙ Symbol mapping

Frequency
❙ Spectrum analysis
❙ Signal analysis
❙ EMI debugging

Power
❙ Power consumption
❙ Power-up sequences
❙ Power integrity

Pulse source
❙ Receiver characterization
❙ Real-time deembedding
❙ TDR/TDT

Fig. 2: R&S®RTP oscilloscopes are a combination of multiple measuring instruments in a compact format that save space on the lab bench.
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Signal integrity in real time

High acquisition rate for debugging

The high measurement accuracy of the R&S®RTP is due in
part to the analog input components developed inhouse. The
input amplifiers, samplers and A/D converters are specifically
designed for high sensitivity and large dynamic range. Special filters directly after the A/D converter optimize measurement accuracy in real time. This special feature offers, for
example, the advantage of minimum vertical scaling down to
1 mV/div at full bandwidth for small-signal measurements. It
is also the reason for the extremely flat frequency response of
±0.25 dB with a spurious-free dynamic range (SFDR) of less
than 45 dBc for accurate measurement of wideband signals
in the time and frequency domains.

The R&S®RTP is ideal for debugging because it uses a special ASIC for signal acquisition and processing that processes the waveforms in parallel faster than is possible with
PC resources. This significantly reduces the blind time compared to conventional oscilloscopes – and rare or sporadic
errors are detected faster and more reliably (Fig. 6).
The maximum acquisition rate of the R&S®RTP is nearly one
million traces per second. This does not require a special
measurement mode with functional restrictions and should
not be confused with segmented mode, where the acquisition memory can only be filled one time by a limited number of waveforms with a short blind time. The high acquisition

The unique correction in real time is the basis for the high
acquisition rate, the ultra precise trigger functions and the
innovative real-time correction for signal path elements such
as cables, connectors and PCB structures (deembedding).

Truly practical deembedding
Deembedding for correction of transmission losses is common practice with wideband oscilloscopes. The acquired
waveforms are postprocessed with correction filters to compensate for errors such as reflections at junctions or losses
due to inductive or capacitive loads. But postprocessing calculations usually take a long time, which makes the oscilloscope slow to respond and discourages users from using the
deembedding function.
Rohde & Schwarz takes a new approach to deembedding in
the R&S®RTP (see the application card “Real-time deembedding with the R&S®RTP”). The filter structures for real-time
deembedding directly after the A/D converter are flexibly configurable, allowing the transmission characteristics to be
adapted to individual test setups. Operation is straightforward.
The user first specifies the individual elements of the transmission path in the configuration dialog. Components such as
cables, adapters and test fixtures can be selected in this dialog (Fig. 3).

Fig. 3: Signal path configuration with transmission components between
the DUT and the oscilloscope input.

Fig. 4: S-parameters (s2p) of a cable loaded into the oscilloscope.

The next step is to load the S-parameters that describe the
transmission losses and impedance matching (Fig. 4). In
the final step, the deembedding software collects the transmission characteristics of the entire signal chain and computes a corresponding correction filter, which is loaded in the
hardware.
Subsequent measurements benefit from real-time deembedding. The waveforms are displayed without transmission losses exactly as they occur on the DUT and without any
delays due to time-consuming postprocessing calculations
(Fig. 5).
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The deembedding architecture of the R&S®RTP with real-time deembedding
Distorted
waveform

DUT
Lossy signal path

Input
channel
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trigger, analysis and display

Real-time
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Analysis
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Trigger

Fig. 5: The deembedding function displays the waveforms without transmission losses and without delays due to time-consuming postprocessing
calculations.

Result with typical
acquisition rate

Result with the high
acquisition rate of the R&S®RTP

rate of the R&S®RTP is also available for analysis tools such
as zoom or cursor as well as for mask tests and histograms.
This makes it easy to track down errors and analyze the static
characteristics of a signal (Fig. 7).

Precise triggering

Fig. 6: With its acquisition rate of up to 1 million traces per second, the
R&S®RTP quickly detects even intermittent faults.

Fig. 7: The high acquisition rate for mask tests and histograms delivers
fast results for debugging and signal characterization.

For debugging and targeted signal analysis, it is generally
desirable to focus on specific signal properties. This can be
achieved with custom trigger conditions. This is difficult with
conventional oscilloscopes due to the limited sensitivity of
their trigger system and their limited bandwidth for complex
trigger forms. The only option with such oscilloscopes is to
acquire a long trace with the edge trigger and then search
through it.
The R&S®RTP has the same familiar digital trigger system as
other Rohde & Schwarz oscilloscopes. This system uses the
samples from the A/D converter and always works with the
current waveform. It can react to all trigger events up to the
full device bandwidth and with a time resolution of 125 fs
(Fig. 8). For example, the R&S®RTP084 8 GHz model reliably
triggers on pulse widths down to 50 ps. In combination with
a hysteresis that is continuously adjustable from 0 div to 5 div,
it is possible to trigger on extremely small signal amplitudes
with minimal hysteresis. A larger hysteresis can be used for
stable triggering on noisy signals.
Since the trigger system taps the signals after the real-time
deembedding filters, it is possible for the first time to trigger
on signals that have been corrected using deembedding. In
16 bit high-definition acquisition mode, the trigger system can
also use the increased vertical resolution.
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Fig. 8: The digital trigger system of the R&S®RTP allows all trigger types to be used up to the full instrument bandwidth – for example, a pulse trigger
with a minimum width of 50 ps.

These outstanding features of the trigger system open up
numerous options for targeted signal analysis. It is possible
to precisely trigger on wireless signals as well as on fast digital signals.

scales the acquisition interval (Fig. 9). Standard tools such as
cursors and automatic frequency domain measurements are
available for signal evaluation. The optional spectrogram function, peak list function and logarithmic axis scaling extend the
analysis options (Fig. 10).

Analysis in the frequency domain
The four R&S®RTP analog input channels can easily be used
for signal analysis in the frequency domain. Users benefit
from the measurement accuracy provided by the outstanding
properties of the frontend. The FFT calculations are performed
so fast that even intermittent signal components can be captured in the spectrum.
Configuration of the spectrum analysis function is simple.
After the user enters the frequency span and desired resolution bandwidth, the oscilloscope software automatically
46

EMI debugging with mask tests and zone triggers
Analyzing electronic circuits for electromagnetic interference
is an important part of the development task. An oscilloscope
such as the R&S®RTP is useful for debugging mutual interference between components and testing isolation or decoupling measures. The R&S®RTP is also helpful for preparing for
EMC approval tests. It can be used for precompliance testing
in the development lab, increasing the level of confidence for
EMC testing in the dedicated EMC lab.

Mask for capturing
intermittent emissions

Fig. 9: FFT input dialog with typical spectrum analyzer parameters.

Fig. 11: Mask test in the spectrum for EMI debugging and EMC precompliance testing.

Fig. 12: The history function allows you to access all waveforms in the
acquisition memory for subsequent analysis.

Fig. 10: Analysis of a frequency modulated signal with the spectrogram
option.

The mask test is an important function for these tasks. It can
be used to define areas on the screen where the spectrum
must not be violated (Fig. 11). Even intermittent faults can
be found quickly, since the R&S®RTP oscilloscopes acquire
and process signals very quickly. The zone trigger is another
powerful function for EMI debugging. It also uses areas
(zones) defined on the screen. Depending on the configuration, a waveform is only displayed if the zone is violated or
not violated.
If multiple waveforms are recorded, they can be displayed
later with the history function for subsequent analysis
(Fig. 12). Analyses over very long time periods are possible since the R&S®RTP can optionally have up to 2 Gsample
memory depth per channel.

Multichannel wideband RF signal analysis
Thanks to its outstanding measurement accuracy and input
sensitivity, the R&S®RTP is ideal for synchronous multichannel measurements on RF signals up to 8 GHz. This applies
to wireless signals such as WLAN IEEE 802.11ac and the
upcoming 5G New Radio as well as to radar signals for automotive, aviation and military applications (Fig. 13).
The oscilloscope can be combined with the R&S®FSW signal
and spectrum analyzer for measurements at higher carrier frequencies up to 85 GHz. An effective analysis bandwidth of up
to 5 GHz can be achieved.
The optional R&S®VSE vector signal explorer software can
be used to analyze digitally modulated RF signals. The base
option includes generic I/Q analysis functions and supports
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Fig. 13: Pulse analysis of up/down chirps in the time and frequency domains.

analog demodulation. The Windows based software can be
used on the oscilloscope and on a separate PC.
The base software can be modularly expanded:
❙❙ R&S®VSE base software: I/Q analyzer
❙❙ R&S®VSE-K6: pulse analysis
❙❙ R&S®VSE-K7: AM/FM/PM modulation analysis
❙❙ R&S®VSE-K60: transient analysis
❙❙ R&S®VSE-K70: vector signal analysis
❙❙ R&S®VSE-K96: OFDM analysis
Users of proprietary modulation protocols can connect the
R&S®RTP to external analysis tools such as MATLAB® for maximum flexibility.

Enough space on the lab bench
Considering its capabilities and performance, the R&S®RTP
has a very compact footprint and is very quiet. That makes
it ideal for use in the lab. To keep pace with changing user
requirements, it comes with two option slots on the front
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panel and two option slots on the rear panel. These slots can
be used for a 16-channel, 400 MHz mixed signal option, a
universal generator option with two arbitrary 100 MHz channels and eight digital channels, or the previously mentioned
differential pulse source.
Software options are available for many applications. The
portfolio includes trigger and decode options for slow and
fast protocols (I2C, UART, CAN-FD, Ethernet, USB 3.1, etc.),
compliance tests (PCI Express, DDR3, etc.), general analysis options (jitter, deembedding, etc.) and RF signal analysis
options (Figs. 14 and 15).
Memory depth and bandwidth can also be easily upgraded
with software licenses. The standard memory can be
expanded from 50 Msample per channel to 2 Gsample
maximum. In the currently available bandwidth range, the
R&S®RTP models can be expanded from 4 GHz to 6 GHz or
8 GHz. Additional models with higher bandwidths in the same
instrument format are planned for 2019.

Summary
The high-performance R&S®RTP family extends the
Rohde & Schwarz oscilloscope portfolio. These high-bandwidth models address the increasing requirements for fast
bus interfaces and wideband wireless signals in embedded

R&S®RTP compliance test options
Interface standard
USB
1.0 / 1.1 / 2.0 / HSIC
Ethernet
10 / 100 Mbit
1 Gbit
2.5G / 5GBASE-T
10 Gbit
10M / 100M / 1GBASE-T Energy Efficient Ethernet
Automotive Ethernet
100BASE-T1 BroadR-Reach®
1000BASE-T1
PCI Express
1.1 / 2.0 (up to 2.5 GT/s)
MIPI
D-PHY
Memory
DDR3 / DDR3L / LPDDR3

applications in a wide range of customer segments. The compact oscilloscopes combine accuracy, speed, functional diversity and future-readiness, making them ideal for everyday
measurements in the lab.
Guido Schulze

Option
R&S®RTP-K 21
R&S®RTP-K 22
R&S®RTP-K 22
R&S®RTP-K 25
R&S®RTP-K 23
R&S®RTP-K 86
R&S®RTP-K 24
R&S®RTP-K 87
R&S®RTP-K 81
R&S®RTP-K 26
R&S®RTP-K 91

Fig. 14: The R&S®RTP compliance test options cover numerous interfaces.

Fig. 15: Automatic PCI Express compliance test: An additional monitor that
can be operated in split screen mode is often helpful for everyday tasks.
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