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<«Rohde & Schwarz’
R&S RTO is an entirely
digital oscilloscope.

TOP OF THE CLASS

Innovations empower high-end oscilloscopes to
serve demanding applications

By Mike Hockett, Editor-in-Chief

Much like cars, home appliances, and

consumer gadgets, the market for
oscilloscopes has traditionally been di-
vided into mainstream instruments and
those considered high-end. There’s no
industry-standard definition of either, but
in a general sense, mainstream oscillo-
scopes have everything needed to get the
job done for most applications, whereas
high-end scopes offer more advanced and
sophisticated features for precise mea-
surements, often for industrial or research
applications.

The definition of “high-end” likely dif-
fers from one test instrumentation vendor
to the next, which can make classifying a
scope as mainstream or high-end a tricky
endeavor. Some might base their high-end
standard on a certain price threshold;
some might consider certain features
a scope must have. In recent years,
some features traditionally reserved for

top-of-the-line scopes have been mak-
ing their way into mainstream scopes,
blurring the line even further. Another
factor in oscilloscopes’ classification is
the fact that vendors are making their
instruments increasingly customizable,
with some leading oscilloscopes at a price
point upwards of $50,000 if it has all the
available bells and whistles.

All-in-all, it’s a grey area, but one worth
examining.

There are a number of factors that de-
termine how a customer decides what
oscilloscope is right for him. As you read
on in this report, you'll hear from a num-
ber of test & measurement vendors about
these factors, key trends, what customers
are asking for, what new high-end oscil-
loscopes are on the market, and more.

“Apparent trends in high-end oscil-
loscopes include specification increas-
es, such as bandwidth, sample rate,
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and memory depth,” Rohde & Schwarz
North America product manager James
Lewis told Evaluation Engineeringin late
February. “From the test strategy perspec-
tive, improving both instrument perfor-
mance and user interaction is critical to
Rohde & Schwarz. We are innovating per-
formance not only with post-acquisition
hardware acceleration, but also by adding
capabilities directly into the acquisition
path. This innovative approach allows
a customer to enable certain functions
without compromising the instruments’
measurement rate or responsiveness.”
Rohde & Schwarz has recently intro-
duced a series of high-end oscilloscopes,
including the R&S RTE, R&S RTO, and
R&S RTP, with the RTP being the newest.
While introduced with 4, 6, and 8 GHz, the
series represents a new platform designed
for higher bandwidths. The three scopes
have a unique architecture that makes
them entirely digital. Whereas traditional
higher-performance scopes use analog
circuits for functions like clock recovery
or triggering, the R&S RTP has a digital
filter that enables real-time de-embed-
ding. S-parameters can be applied to the
digitized signal as it is acquired, and this
capability means there is no change in
update rate when de-embeddingis turned
on. Combined with R&S’ entirely digital
trigger system, it also means triggering
is enabled on the de-embedded signal.

What's trending?

Here are the major high-end oscilloscope
market trends our vendor respondents
pointed out.

Trevor Smith, business development man-
ager at Pico Technology: “The breadth of
waveform testing that engineers need to
perform is expanding, which is driving
several trends in high-end oscilloscopes.
The first and most obvious of those is fur-
ther faster-wider-deeper (FWD) increases.
Users are demanding higher bandwidths
and sampling speeds, more channels—
both analog and digital—and deeper
capture memories to sustain maximum
sampling performance for longer test du-
rations. But in fact, FWD has migrated to
become FWDH; higher resolution, beyond
traditional 8-bit solutions, is needed to
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analyze a broad range of signals in to-
day’s designs. Audio signals, for example,
typically need to be verified with 60dB
dynamic range or more, which is well be-
yond the theoretical 48dB maximum of an
8-bit scope. Similarly, the trend for lower
voltage digital signaling in low-power
designs drives the need for higher volt-
age resolution to analyze noise margins;
8-bits doesn't cut it in those applications.”

Patrick Connally, product marketing
engineer at Teledyne LeCroy: “Use of a
high-end oscilloscope as a general-pur-
pose embedded system debug tool in
which a variety of high-speed and low-
speed signal operations are understood
in the context of the complete embedded
system operation. An increasing number
of new high-speed standards include so-
phisticated link negotiation and training
functions. In these technologies, physi-
cal-layer properties like signal swing and
transmitter pre-emphasis change in re-
sponse to operations that happen at the
protocol level. This has driven a conver-
gence of software and hardware design/
debugroles, leading to increased interest
in use of both oscilloscopes and protocol
analyzers by the same design/debug en-
gineer, and requiring instruments with
increased visibility at multiple levels of
the protocol stack.”

Kaitlyn Franz, test and measurement
product manager at Digilent: “One trend
has to be the addition of WiFi, which is
only just emerging and has been noted in
a few oscilloscope market reports. Adding
WiFi to an oscilloscope not only enhances
portability, but also creates a device that
is truly isolated. This will have an impact
in power electronics, mobile applications,
and so much more.”

What are customers asking for?
The customer is always No. 1 for vendors,
and this is especially true for those pay-
ing a premium for high-end instruments.
Here's what vendors told us customers
are looking for when shopping high-end
oscilloscopes.

Lewis, Rohde & Schwarz: “We rarely speak
with a customer who works on a project
that has slower signals or larger voltages,”
Lewis said. “When we talk high-end oscil-
loscopes, we know that front-end mea-
surement performance is a gate-keeping
factor. After the primary specs, aspects
such as form factor and upgradability
matter next. These instruments are al-
most always shared across teams and
represent significant investments. The
ability to configure them for different
tasks and quickly move them to another
lab is critical.”

¥ Pico Technology's PicoScope 9404 SXRTO (Sampler eXtended Real-Time Oscilloscope).
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A The R&S RTP is Rohde & Schwarz’ latest high-
end oscilloscope.

Connally, Teledyne LeCroy: “1) Flexibility
to input nearly any low-speed signal (low-
speed serial using a passive probe, low-
speed current signals, etc.) and high-speed
signals into a single oscilloscope without
using adapters (that get easily lost/mis-
placed/borrowed). 2) Longer memory for
debug of behaviors that combine both
high-speed and low-speed causal events.
3) Competitive price points—with high-
speed serial technologies (5-10 Gb/s) being
mainstreamed into common consumer/
industrial products, a user base new to
testing these speeds is finding higher price
points for oscilloscopes than they are ac-
customed to.”

Smith, Pico Technology: “Our custom-
ers are looking for bandwidth, sampling
speed, channel count, deep-capture mem-
ory, and voltage resolution to accurately
capture and characterize their waveforms.
Alot of our customers, particularly those
working on embedded systems, are using
serial bus communications in their de-
signs; they want the convenience of seeing
transmitted data aligned with the physi-
cal waveforms. That’s important because
it enables them to rapidly find errors that
are due to signal integrity issues.”

Franz, Digilent: “One big request is pro-
grammability. Oscilloscopes with the
ability to create custom programs and
tests create a device that has much more
use cases than a traditional oscilloscope
that can only be used for single measure-
ments. With programmability also comes
the need for compatibility with many
programming languages. C++ is a long-
going standard, but we've seen recently
a growing need for other languages such
as Python and Matlab.”
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P Tektronix’ latest high-end oscilloscope
offering is the DPO70000SX series,
which provides bandwidths of 23 GHz to
70 GHz.

Mike Martin, senior marketing product
manager at Tektronix: “In general, most
users today want excellent signal fidelity.
As the margins for tests become smaller
and smaller, the user wants to know the
scope is not consuming a large amount
of that margin which could result in a
false failure of the test on their system.
They need enough bandwidth to be able
to faithfully represent the signal being
tested but not more bandwidth than the
signal contains, as unused bandwidth just
means more noise in the measurement.”

Now on the market

Some of the new high-end oscilloscopes
now on the market have already been
mentioned above. Here are others you
should keep an eye out for:

In late February, Pico Technology
introduced the PicoScope 9404
SXRTO (Sampler eXtended Real-Time
Oscilloscope). It features four 5 GHZ 12-
bit channels, each supported by real-time
sampling to 500 MS/s per channel and up
to 1 TS/s (1 ps) equivalent-time sampling,

One of Teledyne LeCroy’s recently
introduced high-end oscilloscopes is the
WaveMaster 8 Zi-B. The company says it
combines the performance, signal fidelity,

A One of Teledyne LeCroy’s most recent high-end
oscilloscopes is the WaveMaster 8 Zi-B.

and feature set needed for today’s high-
speed measurements with the ease-of-
use of a standard benchtop oscilloscope.
Teledyne LeCroy describes its features as
including the highest-speed serial data
triggers, the industry’s only complete
multi-lane serial data analysis and eye
diagram solution, and a comprehensive
set of compliance packages.

Tektronix’ latest high-end scope is
the DPO70000SX series, which provides
bandwidths of 23 GHz to 70 GHz. These
instruments were designed to provide
multichannel, highly-synchronized real-
time acquisition. The company’s goal in
designing the series was to provide a low-
profile scope that could be used stand-
alone to provide the aforementioned
bandwidth, but could be extended
to more channels simply by a quick
connection between units.

Keysight recently launched its
Infiniium UXR-Series Oscilloscope,
with models ranging from 13 to 110
GHz of true analog bandwidth, a
low-noise floor and 10-bit vertical
resolution. The series offers sampling
rates of 256 GSa/s per channel on 40 to
110 GHz models and 128 GSa/s per chan-
nel on 13 to 33 GHz models.

Toeing the line between mainstream
and high-end, RIGOL's new MSO7000
Series Oscilloscopes emphases value, of-
fering advanced features in an affordable
package. The series is based on RIGOL's
new UltraVision II technology and cus-
tom front-end chipset. These new scopes
include advanced analysis capabilities
of histograms, precision measurements
on deep memory, zone triggering, power
analysis, and is actually seven instru-
ments in one.
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BK Precision’s oscilloscope solu-
tions are primarily targeted for profes-
sionals, educators, and students, but its
2560 Digital Storage and Mixed Signal
Oscilloscope Series can fit the advanced
needs of most users. It has up to 300 MHz
bandwidth in a 4-channel configura-
tion, and each model offers a maximum
sample rate of 2 GSa/s and a maximum
memory depth of 150 MPts.

In the fall 0f2018, Yokogawa released
its DLM3000 Series of MSOs, targeted at
electric vehicle and power electronics
R&D. Its models have 200 MHz, 350 MHz,
and 500 MHz bandwidth, and emphasizes
ease-of-use and optional functions for EV
development and debugging. Its memory
has a sample rate up to 2.5 GS/s, while
its deep history memory allows for up to
100,000 previously captured waveforms.

Other function synergies

Some vendors offer high-end oscilloscopes
that include other instrument functions,
such aslogic analyzers, spectrum analyz-
ers, DMMs, or power supplies. We asked
vendors whether they do offer such so-
lutions, and what synergies the multiple

functions offer their customers.

A Keysight's new Infiniium UXR-Series
Oscilloscope models range from 13 to 110 GHz
of true analog bandwidth.

Lewis, Rohde & Schwarz: “Because high-
performance scopes are a significant in-
vestment for most labs, Rohde & Schwarz
offers a range of plug-in modules to ex-
tend functionality. These modules range
from low- and mid-range to high-range
measurements. For example, all Rohde &
Schwarz performance oscilloscopes sup-
port alogic analyzer (or MSO) capability.
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We also offer two generation options. In
addition to a two channel 100 MHz arbi-
trary waveform generator, we offer a dif-
ferential pulse source. A popular use for
that module is time domain reflectometer
measurements.”

Smith, Pico Technology: “PicoScopes are
“six-in-one” instruments—oscilloscope,
logic analyzer (on MSO models), spec-
trum analyzer, serial bus analyzer, func-
tion generator, and arbitrary waveform
generator. There are obvious cost and
space savings having those capabilities
in a single compact instrument, but
there are technical benefits as well, with
the capability to correlate

Chris Armstrong, director of product
marketing and SW applications at RIGOL
Technologies: “The ability to quickly and
easily change instrument function is an
important capability in a modern scope.
It speaks directly to the engineer’s need
for flexibility and ease of use that saves
their time. RIGOL offers logic analyzer,
protocol analyzer, spectrum analysis,
voltmeter, counter/totalizer, and wave-
form generator capabilities in our new-
est scopes, as well as application-focused
capabilities like power analysis.”

'V RIGOL's new MSQ7000 Series Oscilloscopes is
actually seven instruments in one.
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measurements from one
domain to another.”

Connally, Teledyne LeCroy:
“HDA125 high-speed digital
analyzer is used with oscil-
loscopes for DDR debug and
optional spectrum analyzer
capability (software). Many
of our customers find it
simple to use Teledyne
LeCroy protocol analyzers
with our oscilloscopes for
better debug across software/hardware
issues.”

Franz, Digilent: “The biggest benefit to
including many functions in one portable
device is that customers can always have
a benchtop within reach. This means no
matter where they are or when they need
to work, they aren't restricted by the in-
struments or benchtop they are work-
ing on. This also means that customers
working on projects that aren't exclusively
analog or digital don't have to have sepa-
rate instruments. They can do it all with
one device, and the data they collect can
be analyzer, stored, or exported from the
same software interface.”

Martin, Tektronix: “All of the Tektronix
DPO/MSO70kDX and DPO/DPS70kSX
scopes have an option for spectral analy-
sis (SignalVU), which is exactly the soft-
ware running on the Tektronix spectrum
analyzers but uses the acquisition hard-
ware of the scope.”

Applications

Because high-end oscilloscopes are a fit

for more demanding applications than
many mainstream scopes, we asked ven-
dors what such applications customers
are using these high-end solutions in.

Lewis, Rohde & Schwarz: “Customers
are evaluating automotive radar imag-
ing receivers with the R&S RTP. After ac-
quiring the RF signal, they use the R&S
RTP’s built-in measurements to measure
amplitude and phase difference between
multiple channels. The measurement does
require a harmonic mixer, such as the
R&S FS-290, to down-convert the 77 GHz
signal. One reason the R&S RTP is favor-
able is that the loss through the mixer can
be compensated for with the R&S RTP’s
real-time de-embedding function, result-
ingin high-speed measurement through-
put with good measurement accuracy.”

Smith, Pico Technology: “PicoScopes
are used widely at the GSI/FAIR heavy

ion accelerator facility in Darmstadlt,
Germany. At FAIR, matter that usually
only exists in the depths of space will be
produced in the lab for research. Scientists
from all over the world will be able to gain
new insights into the structure of mat-
ter. The PicoScopes are arranged around
the accelerator to monitor the RF control
system. Each one is connected via the
USB 3.0 SuperSpeed interface to a high-
performance server.”

Connally, Teledyne LeCroy: “High-end os-
cilloscopes are mostly used to test and
characterize the latest high-speed serial
technologies, which we traditionally asso-

ciate with high-end servers

S & and PC motherboards and

- components. But recent
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nologies have seen the com-
plexity of in-car entertain-
ment and automated driver
assistance systems explode,
resulting in requirements
for high-speed interfaces
like PCI Express 3.0, USB
3.2, and DDR4/LPDDR4.”

Martin, Tektronix: “Our
DPO70000SX series of scopes are be-
ing used in research of the cutting-edge
coherent optical work at many univer-
sities and R&D labs around the world.
They are also used for a number of non-
datacom applications such as Rotational
Spectroscopy (microwave and millimeter
wave) and photonic doppler velocimetry.
We also provide O/E probes (configured as
reference receivers) and compliance test
applications to support testing of both
electrical and optical PAM4 signaling.”

Armstrong, RIGOL: “RIGOL's deep mem-
ory is designed to be useful in emerging
applications. A good example is long-term
analysis of sensor data. Engineers can use
record mode to capture and compare up
to 450,000 trigger events, or they can
configure the scope to capture as much
as 100 ms continuously at 2 GSa/sec and
use search mode to find events of interest
within the full record. Sampling and tim-
ing can be customized for the bandwidth
of the data set.” [{3
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