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Acceptance of PXI worldwide...
Greetings fellow test & measurement professionals! My name is Bob Stasonis and I’m the recently-elected president
of the PXISA. I want to thank outgoing president, Loofie Gutterman, for his efforts in increasing the acceptance of PXI
over the last 15 years. I have big shoes to fill, so let’s get to work! I assume that most of my readers already know what PXI
is, and the benefits of implementing PXI in their test strategy. This is, of course, the result of 20 years of innovation by our
members, and letting industry know of these innovations through active marketing.

B

ut there are two underlying
endeavours by the PXISA
and its members that
help to virtually guarantee our
success. Firstly, there are the
ongoing efforts of the PXISA
technical committee to implement
new features to ensure PXI
addresses current testing needs
– and ensuring that all these
improvements remain backwardcompatible with past generations
of PXI products. The most
obvious of these developments
is the inclusion of hybrid slots
on PXI Express (PXIe) chassis,
which allow test engineers to
use standard PXI modules and
have them work together with
the latest PXIe modules.

Secondly – and actually more of a
strategy – is the fact that we have two
major T&M players in the PXISA. Keysight
and National Instruments are market
leaders and innovators. Their presence in
the market gives customers confidence
that PXI is well supported across a variety
of testing applications. They also lend
credibility to smaller players like Pickering
Interfaces, because they embrace the
interoperability of PXI so that all members
can ’play’ nice together.
Now, as we look to the 21st year of PXI,

exhibitor has a 12-foot table to display its
products, so all companies, big or small,
have a similar presence.
What’s always satisfying to me is that we
always receive more registrants than we
have seats for! For example, we usually
have room for 200 attendees in Beijing,
but we regularly have well over 300
registrants So clearly, we are meeting
a need.

the PXISA is looking to grow its market
awareness in Asia. While PXI already has a
presence, there are clearly many engineers
hungry for information about PXI, and to
learn about test applications where PXI
was integral to test strategy success. And
unlike much of North America and Europe,
these engineers are encouraged to go out
and learn.
Addressing this PXI knowledge ‘vacuum’
is the PXI Show (www.pxishow.com),
a focused trade show and technical
conference started by Pickering Interfaces, with the support of the PXISA, in
2014. It’s a travelling roadshow, with four
one-day events in four separate cities: in
2019, PXI Shows will be held in Beijing,
Shanghai, Chengdu and Xi’an. 12 to 15
exhibitors show their products and give a
30-minute presentation on an application
where PXI products have excelled. Each

The PXISA feels that new companies making PXI products results in new
module choices – choices that improve performance and/or lower your cost
of test – delivering either new or enhanced support of test applications.
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Recently, an aerospace company near
Beijing approached me with a proposal
to found a Chinese branch of the PXISA.
They are asking the PXISA to help them
because there is a mandate from the
Chinese government to help Chinese
companies develop PXI and PXIe
instrumentation. This branch is in its
very early stages, but we look forward
to helping Chinese companies create
PXI market awareness and demand.
So what does this Chinese PXI expansion
mean to UK test engineers? Well, the
PXISA feels that new companies making
PXI products results in new module
choices, and either new or enhanced
support of test applications. Also, it will
make UK-based test companies like
Pickering Interfaces work harder to keep
ahead of the new competition! So: new
choices that improve performance and/or
lower your cost of test.
As new companies join, we will publicise
them in our PXISA Newsletter. So if you
are not a subscriber, contact Executive
Director of the PXISA, Bob Helsel, at
bobhelsel@pxisa.org – and also be sure
to email your suggestions to Bob, and he
will distribute them to members.
I think the takeaway from this column is
that even though PXI is 20 years old, it
still has a long life of new products and
applications. We have a long way to go!
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The role of PXI in 5G new radio RF tests
5G promises faster and more reliable communications. To enable mobile broadband communications, 5G uses existing and
new technologies to achieve extreme data throughputs. With limited 4G LTE spectrum, 5G new radio (NR) introduces
millimetre-wave (mmWave) operating bands, wider channel bandwidths and complex multi-antenna configurations that
all bring new demands for test. Eric Hsu, Product Marketing Manager at T&M experts, Keysight Technologies
explains how industry standard PXI instrumentation can help design and test engineers address these challenges.

New mmWave spectrum
frequency bands

T

o accommodate new
spectrum requirements, the
5G NR standard specifies
two frequency ranges (FR):
sub-6GHz (FR1: 410 MHz to
7.125 GHz) and millimetre-wave
bands (FR2: 24.25 to 52.6 GHz).
This means 5G devices and test
instruments need to support
one or both frequency ranges.
The use of mmWave frequencies
poses challenges related to path
loss and signal propagation. At
mmWave frequencies, the path
loss between instruments and
devices-under-test (DUTs) is higher
than at sub-6 GHz. In addition,
over-the-air (OTA) test methods
for performance metrics at sub6 GHz and mmWave frequencies
make it more difficult to achieve
accurate and repeatable results.

Performance margin
vs. test cost
To reduce measurement uncertainties at high
frequencies in every dimension, high-performance signal generators and signal analysers
are essential, to ensure the errors do not
originate from the test instruments themselves. Integrating the design verification test
(DVT) systems for 5G mmWave frequency
bands requires high-performance test
capabilities, such as high output power, error
vector magnitude (EVM) performance,

Figure 1. S9100A 5G multi-band vector transceiver solution
adjacent channel power (ACP), dynamic
range and complicated system integration.
The test system integration and test costs
create higher barriers, from R&D to volume
production.

DUT. This in-band test solution offers the
precision required for in-band design
validation in all new 5G NR bands, at a lower
cost, using a high-performance microwave
VSA and VSG.

An in-band test solution will cover specific
frequency bands for specific test applications
or standards. A 6 GHz vector signal analyser
(VSA) and a vector signal generator (VSG)
cover all current FR1 operating band test
cases. The VSA and VSG can also operate as
an intermediate frequency (IF) signal analyser
and signal generator, when coupled with an
external mmWave transceiver for FR2 in-band
tests, as shown in Figure 1. The unique PXI
platform offers the integration of multiple
instruments into one chassis for R&D DVT
system and volume production. Move the
head as close as possible to the antenna to
shorten the mmWave signal routing, to reduce
insertion loss between the test system and

Measurement acceleration
for wider channel
bandwidth

5G new radio (NR) introduces millimetre-wave (mmWave) operating bands,
wider channel bandwidths and complex multi-antenna configurations that all
bring challenging new demands for test.
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5G NR maximum channel bandwidth is 400
MHz for FR2, and the maximum (contiguous)
aggregated channel bandwidth is up to
1.2 GHz. In addition, to characterise the
non-linear performance of power amplifiers
(PAs) using advanced measurements, such as
digital pre-distortion (DPD) techniques for RF
PAs, you need signal generation and analysis
instruments with up to 1.2 GHz bandwidth
– 3x the channel bandwidth to evaluate DPD.
It takes time to transfer the measured data to
a computer for further signal processing and
stream the processed data back to the
generator for such wide bandwidth signals.
The PXIe new PCIe Gen3 platform delivers
high data bandwidth (8 GB/s slot-to-slot) to

PXI for T&M

Figure 2. M9383B VXG-m microwave signal generator
enable measurement acceleration in a
high-performance PXI FPGA processing
module and stream measured/processed
data between modules. The custom FPGA
may be accessed to implement your unique
computing algorithms and test applications,
such as DPD and envelope tracking (ET)
signal processes. FPGA hardware processing
and data transferring via the PXIe backplane
significantly speeds up DPD/ET test
applications. Applications can experience as
much as a 20x improvement in measurement
speed for the fastest DPD/ET measurements.

Complex multi-antenna
test configurations
5G technologies adopt multi-antenna
techniques, such as multiple-input, multipleoutput (MIMO) and beamforming to improve
spectral efficiency and radio coverage. The initial 5G NR standard specifies 8x8 MIMO,

which increases the complexity of the
multi-channel RF test system setup. To
accurately assess the multi-channel signal
performance, the timing and phase between
test channels must be precisely aligned.

Feature

signal analyser has its own independent
synthesizer, which makes it difficult to achieve
tight phase coherence. By using a shared,
common LO between multiple instruments, it
is possible to calibrate static time and phase
skew, which come from cable lengths and
connectors. New RF synthesizers use a direct
digital synthesis (DDS) method that benefit
from low power consumption, a small
package, fast frequency sweep, low phase
noise and adjustable phase. PXI instrumentation for 5G phase coherence tests provide
these advantages. Figure 2 shows a
dual-channel phase-coherent 44 GHz vector
signal generator with 2 GHz modulation
bandwidth in a single PXI chassis.

True multiport test
architecture

When the number of synchronised channels
increases, cabling between instruments
becomes much more complicated and setting
up the test takes more time. PXI instruments
can share clocks and route trigger signals
through a backplane bus. This makes
implementing synchronisation and more
repeatable trigger events easier, because
of the fixed test environment and minimal
cabling.

As test margins tighten for multiport RF
components, such as RF front-end modules
(FEMs) and transceivers, a true multiport test
architecture is needed to provide exceptional
performance, regardless of the number of
ports utilised. A true multiport test architecture
maintains higher performance than a
switch-based solution, and provides faster
measurement speed due to simultaneous
sweeps. A PXI module platform, will enable
the ability to cascade multiple PXI vector
network analyser modules to get up to 50
ports in a single chassis for developing a
multiport or multi-site measurement solution,
as shown in Figure 3.

Phase coherence

Summary

Multi-antenna RF systems employ a common
local oscillator (LO) that distributes to multiple
channels. A similar structure is needed to
simulate or analyse multi-antenna RF systems.
However, a commercial signal generator or

5G NR technology shifts and test requirements introduce demanding new test
challenges. As a result, mmWave frequency
bands, wider channel bandwidths and
multi-element antenna arrays create greater
complexity and the need for higher test
equipment performance. To integrate the
design verification test systems for 5G,
multiple frequency bands, wide channel
bandwidths, and multi-channel synchronisation and phase coherence must be supported. PXI modular instrumentation provides
flexibility and scalability by integrating systems
to enable thorough testing of complex 5G NR
devices.

Baseband timing
synchronisation

Figure3. PXI vector network analyser for multiport test applications
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PXI instruments can share
clocks and route trigger signals
through a backplane bus, making
implementing synchronisation and
more repeatable trigger events
easier, because of the fixed test
environment and minimal cabling.
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Leveraging industry standards
for FPGA PXI modules
Today’s test engineers are choosing to incorporate user-programmable FPGA PXI modules as part of their functional test solutions.
There are a variety of user-programmable FPGA-based instruments available to test engineers, that can be used to support a wide
range of applications and interfaces, and these instruments employ a range of programming tools and architectures. However, as
Michael Dewey, Director of Marketing at aerospace T&M experts, Marvin Test Solutions explains, by employing
industry standard design tools and interfaces, test engineers can simplify the overall design and implementation process – as well
as facilitating long-term, organic support for test systems and applications.

I

n this article, we will explore how adopting industry standard
design tools and standardised FPGA interfaces, such as the ANSI/
VITA 57 standard, can help mitigate the complexity and effort
required for test engineers to design, deploy and maintain these userprogrammable modules as part of a complex functional test system.
Background
FPGAs were an outgrowth of the programmable array logic (PAL) business in the late 1970s.
These devices enabled design engineers to
replace discrete logic chips with one programmable chip. FPGAs emerged in the 1980s as a
common logic design component, with Xilinx
and Altera becoming the market leaders.
Today’s FPGAs offer multiple processing cores,
which can run in parallel, allowing different
tasks to be executed within separate ‘blocks’
of the FPGA. Within the FPGA are a number
of predefined resources, which include logic
blocks, both configurable and fixed-function, as
well as internal memory. In addition, modern
FPGAs have evolved into SoC (system on chip)
devices – offering higher levels of functionality,
including embedded processors, high-speed
serial I/O, video codecs and graphical
processing units (GPU).
With a user-programmable, FPGA-based test
instrument, such as a card modular PXI module
(Fig 1), test engineers can implement solutions
using commercially available IP (intellectual
property) cores or in-house developed, custom
IP – essentially creating their own custom
instrument, by programming the module for a
specific application. Applications for these
FPGA-based modules include support for
specialised custom interfaces and hardware-inthe-loop (HiL) implementations that incorporate
an embedded, real-time controller, with a
specific physical interface, as part of an overall
control loop that interfaces to a UUT or
unit-under-test (Figure 2).

Figure 1. User-programmable FPGA
module with I/O adapter board

FPGA design tools
& methods
Suppliers of FPGAs and FPGA modules offer
toolsets that are optimised for supporting their
own specific product offerings. However,
depending on the vendor, and as shown in
Figure 3, the FPGA design and deployment
process can employ either vendor-specific or
industry standard tools.
For the design block, the use of industry

Figure 2. HIL applications employing
FPGA module
standard tools, specifically HDL (either
VHDL or Verilog) is highly desirable. VHDL
and Verilog are open tools and are widely
accepted standards. And since they are
vendor-neutral tools, design portability can
be maximised, minimising vendor ‘lock-in’ to
a specific type of FPGA or module, as well
as mitigating dependence on one supplier or
vendor. In addition, these tools are supported
by IEEE standards for common HDL
languages (1076-2008 – IEEE Standard VHDL
Language Reference Manual and 1364-2005
– IEEE Standard
for Verilog
Hardware
Description
Language). And
as an added
benefit, access
and incorporation
of third party IP
as part of an
overall FPGA
design is greatly
simplified, since
almost all
commercially
Figure 3. FPGA
available IP
design and
is supplied
deployment process
via HDL.

With user-programmable, FPGA-based PXI instruments, test engineers can implement
solutions using commercially available IP cores or in-house developed, custom IP –
essentially creating their own custom instruments for specific applications.
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Function / bus interface
A/D and D/A converters
MIL-STD 1553
ARINC 429
RS-232
RS-422 / RS-485
CAN Bus
Ethernet
USB
I2C, SPI
SpaceWire
SerDes
Camera Link

Physical interface / characteristics
High resolution and high speed converters for analogue
measurement / stimulus applications
Tri-axial, transformer coupled, 18 -26 Vpp output
Differential, high voltage
Unbalanced, bi-polar
Balanced, bi-polar
Differential, CAN bus specific XCVR
Differential, transformer coupled
Differential, logic levels
Buffered, logic levels
LVDS
LVDS
LVDS

Serial Front Panel Data Port (FPDP)

Copper / fibre

Table 1. Examples of physical interfaces (PHY) that might be supported by an
external FPGA interface

Leveraging a standardised
FPGA interface
Virtually all user-programmable FPGA modules
require external hardware that interfaces the
FPGA to the external world or UUT. Table 1 lists
examples of physical interfaces (PHY) that might
be supported by an external FPGA interface.
Implementation of these interfaces requires
external interface boards that are custom to a
specific vendor’s FPGA module. Figure 4
details an example of an FPGA module which
employs a daughter board that is installed on
the main board’s assembly. Other implementations involve the use of an external interface
module, which must be attached to the FPGA
module’s front panel interface.

The FMC standard is defined by the VITA 57.1
and 57.4 specifications, and specifies PCB
dimensions, connector locations and standardised interface connections (Figure 5).
By choosing to adopt user-programmable
FPGA modules that incorporate the VITA 57
interface, test engineers now have available to
them a portfolio of off-the-shelf interface
modules that address a wide range of
applications, including:
• Analogue I/O – ADCs & DACs
• High speed digital parallel I/O – such as
Camera Link or LVDS
• High speed serial digital I/O – such as fibre
optics, serial front panel data port (FPDP),
gigabit Ethernet, and so on

The VITA 57 FMC
Standard
An alternative to vendor-specific
PHY interface solutions is the VITA
57 FPGA Mezzanine Card (FMC)
standard, which standardises both
the physical and electrical interfaces
to FPGAs, resulting in the availability
of a portfolio of commercial,
off-the-shelf mezzanine boards.

A PXIe
user-programmable FPGA
module, such
as the one
shown in
Figure 6,
incorporates
the FMC
interface and
includes full
Figure 5. VITA 57.1
PXIe functionmodule with FMC
ality:
connector (image
• On-board
courtesy of HiTech
programmable
Global, LLC)
clock source,
for use as an
FPGA timing reference or for FMC module
support
• Access to the 10 MHz PXI clock and the 100
MHz PXIe clock
• Access to all PXI trigger and local bus signals
And by employing an off-the-shelf FMC
module, test engineers can realise shorter
development and verification time for designs,
since both the interface and mezzanine card
are known entities. In addition, most FMC
modules are supplied with HDL code, further
simplifying the overall FPGA integration and
verification process.

Conclusion
Today’s test engineers can choose from a wide
selection of user-programmable FPGA modules
for ATE systems, with many of these modules
employing proprietary design tools and
methods. However, test engineers should
look to leverage industry standards wherever
possible when employing user-programmable
FPGA instrumentation. By building on
established standards and standard interface
modules, such as VITA 57, the effort associated
with the design, deployment and long-term
maintenance of test systems that employ these
user-programmable FPGA modules can be
positively impacted.

Figure 4. PXIe FPGA module with daughter board
By employing industry standard FPGA design tools and interfaces, test engineers
can simplify the overall design and implementation process – as well as
facilitating long-term, organic support for test systems and applications.
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Figure 6. PXIe user-programmable
FPGA module with FMC connector
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T Cards Online

Online work flow system suits
PCB manufacturer down to a ‘T’
Rustington based Photronix Ltd
manufacture high quality printed circuit
boards and whilst new to the market,
have become one of the leading PCB
suppliers to the UK electronics market.
They have a simple aim of developing
long-term partnerships for the
manufacture of PCB’s by embracing new
technologies and extending their facilities
from design, prototyping through to
volume manufacturing.
Photronix Managing Director Alan Millard
believes that managing the progress of
jobs simply and effectively is essential
and with this in-mind invested in the T
CARDS ONLINE workflow system to help
them run their office more efficiently.
Among the important benefits of the T
Cards Online system is its simplicity and
ease-of-use. Once the virtual board has
been configured, T Cards designs can be
easily tailored to requirements. There are
standard templates for various
applications to make it even easier.

Status and communication can be
enhanced by using the Alarm, Signal,
and email notification functions. There is
also a facility to attach external
documents to help collate documentation.
Since a number of cards will appear on
the same chart, they can be colour-coded
for easier identification and as work
progresses the cards are simply dragged
and dropped into a new column.
When asked about his experience in
using T Cards, Alan commented:
“T Cards has been a success in the way
we manage our day-to-day enquires and
the people at T Cards Online have been
really helpful. The system continues to be
developed and some of the new features
have made big improvements to the way
we work.
The new APP makes a particular
difference to me as l travel regularly to
China and the Far East, now it’s so easy
for me to check the status of our Jobs,

wherever I am, when I get a call from
clients. It really has helped us streamline
our business and enabled to expand
even more.”
Photronixs’ experience in using the
innovative T Cards Online system is
another example of how an increasingly
wide range of companies are exploring
and benefitting from a simple, yet highly
effective online management tool. The
result is more efficient job management
where ever you may be thanks to on-line
access, along with more detailed financial
information which is invaluable to costcontrol.
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Programmable resistors: the flexible
approach to sensor simulation in test
Sensors are ubiquitous in our world today. In all electronics applications, a thorough test strategy is important, but in
certain cases, such as engine management units, satellites, semiconductor manufacture and avionics, it is essential.
However, sensors add a layer of complexity to a test strategy, as they must be exercised across their complete operational
range when testing the controller circuit board that makes decisions based on a sensor’s response. Replacing actual sensors
with simulation can reduce costs, by creating smaller test systems.

F

or example, if actual
temperature sensors are
used, a heat source will be
required to make the sensor react.
Similarly, a strain gauge will
require a mechanical fixture that
flexes a plate on which a strain
gauge is mounted. Not only will
the test system be much larger,
chances are it will be slower and
less repeatable than testing based
on sensor simulation. Also, it may
not be practical to incorporate
actual sensors into a test system,
so external hardware that is
designed to replace these sensors
is used. As Paul Bovingdon,
Simulation Product Manager &
Bob Stasonis, Technical Product
Specialist at modular signal
switching & simulation experts,
Pickering Interfaces explain, such
systems are commonly based
on programmable resistors.

Figure 1. PXI programable resistor with resistor chain diagram
out of a chain of discrete resistors with
increasing resistance values based on a
binary series. There are many choices of
programmable resistors in terms of range,
power, accuracy and resolution.

Programmable resistor
types and parameters

What is a programmable
resistor?
As the name suggests, it is a resistor that
is changed in value by a test program.
The programmable resistor can be a device
that plugs into a modular test format, such
as PXI. It can also be a standalone device
that is controlled via USB or Ethernet. For
most programmable resistors, the values
are changed using relays to switch into or

Figure 2. PXI 18 channel RTD
simulator module

The ubiquity of sensors throughout today’s intelligent electronic devices adds a layer of
complexity to test strategies, since they must ideally be exercised across their complete
operational range – but replacing actual sensors with simulation can help reduce costs.
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Figure 1 shows a PXI-based programmable
resistor module (Pickering Interfaces’ model
40-295) based on relay chains. If we take a
single channel, we see that it is composed
of multiple resistors, with individual relays
connected across each resistor. When all the
relays are closed, all the resistors are shorted
out and the series resistance is effectively zero
ohms. In actuality, it can be a few hundred
milliohms, as each relay, as well as the PCB
itself, will exhibit a very low resistance. As one or
more relays are opened, the value of the resistor
chain will equal the series resistance value of the
resistors associated with these open relays.
Resistor chain modules are commonly available

UAI 1206

Chip fuse for highest demands
- AEC-Q200 qualified
- Pulse and temperature resistant
- Mechanical Shock proved with 1500 g

01296 319000
uksales@schurter.co.uk
chipfuses.schurter.com
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in 8-bit, 12- bit, 16-bit and 24-bit, where the
number of bits equals the number of resistors in
each chain. The larger the bit level, the greater
the resolution or range that can be achieved, but
with fewer channels per module.

above and below this value to simulate
extension and compression of a strain gauge
(Figure 5).

Need more accuracy?
A precision programmable resistor module is
designed to meet highly accurate test
applications (Figure 2 shows Pickering
Interfaces’ model 40-262). The design is similar
to the resistor chain mentioned above, as it
does have a resistor chain for the coarse
adjustments (see Figure 3), with the addition of a
digital potentiometer for fine adjustments. Using
software that knows the value and accuracy of
the resistor chain, the module can make fine
adjustment settings to the channel being
programmed. This configuration provides
resistor settings orders of magnitude better in
terms of resolution and accuracy than standard
resistor chains. The resolution on a precision
resistor module can be as low as 2 milliohms
versus 250 milliohms on standard resistor
chains, and at a typical accuracy of 0.03%
versus ±0.3% on standard resistor chains. A
precision resistor costs more than a standard
resistor chain and may have fewer channels
because of the added circuitry, but if the
application demands this kind of accuracy, there
are choices.

Figure 3. Single channel precision
resistor diagram

Depending on the manufacturer and model,
there is another feature that may be of benefit.
Some programmable resistor modules feature
uncommitted relays that can be used for
several different reconfigurations of the resistor
module. These include:
• Linking two resistor chains together – in
series or parallel – to either extend the
range of a resistor channel or improve its
resolution.
• Adding additional bits to extend the range.
• Add a fixed resistor to be switched in to
provide an offset resistance.
• Add additional fault conditions.

Figure 4. Series switching diagram

Fault injection
Some versions of programmable resistors
include two additional relays per channel to
inject faults into the test program. These relays
can simulate a sensor short or an open.
Potentiometer simulation is created by
connecting two resistor chains together, as
shown in Figure 4. The test code should raise
the value of one resistor chain and lower the
other resistor chain’s value, just as a potentiometer works.

Figure 5. Strain gauge simulator diagram

If high-accuracy settings are required, look for
resistor modules with a calibration port. In the
schematic seen in Figure 6, the calibration
port is a multiplexer that switches the port to
each channel, one at a time. Connecting a
precision DMM to the port allows the user to
verify the value of every setting required for
their test program.

Sensor type
Finally, there are programmable resistor
modules configured for a particular sensor
type. The two most popular simulate an RTD
(resistive temperature detector) or the resistor
bridge circuit in a strain gauge. These
modules can have additional software drivers
that allow you to set temperatures or program
the value required to balance the bridge, and
the setting of the simulator can be varied

In a modular test platform, this approach is
like having two modules in one chassis slot,
which can free up a slot for additional
instruments or switching.
There are many things to consider when
selecting programmable resistor modules.
Pickering Interfaces offers industry’s broadest
range of programmable resistors, available in
both PXI and PCI formats – from standard
resistor chains and precision resistors to
specialised modules – so designers should be
able to find a sensor simulation tool suite for
their specific application. The company is also
happy to consider full-custom designs.

Figure 6. RTD simulator with MUX and calibration port diagram

PXI-based programmable resistor modules are based on relay chains: if we take a single channel, we see that it is composed
of multiple resistors, with individual relays connected across each resistor. When all the relays are closed, all the resistors
are shorted out and the series resistance is effectively zero ohms.

34

May 2018

epdtonthenet.net

ONE-STOP SOLUTIONS OF INDUSTRIAL POWER SUPPLIES
Reliable

Cost-effective

Excellence service

0.25-200W DC/DC

Fix input series

Wide input series

K78 series

Railway Power

1-240W AC/DC

LS series

LDE/LHE series

LO series

LI series

For the detailed information, please refer to datasheet.

Phone: +44 (0) 1748 850 555
E-mail: sales@easby.co.uk
Website: www.easby.co.uk

E-mail: info@mornsun.cn
Website: www.mornsun-power.com
Facebook/Linkedin: Mornsun Power

Fast lane
M12 X-Coded 10 GB

8 Contacts

Shielded metal housing

IDT Connection

Ethernet cable

www.binder-connector.co.uk

Feature PXI for T&M

Avoiding test system downtime with
CableSense technology on the PXI platform
New PXI products typically aim to meet a measurement challenge, whether that means higher-performance specifications
or better system-level interfacing. However, the actual measurement itself is only a small portion of the full test engineer’s
workflow, and, as any test engineer can verify, plenty more can go wrong throughout the development and maintenance of
a test system. From device-under-test (DUT) interfacing to the switch network to the long-term maintenance plan, the
highest resolution voltage measurement is nothing without a reliable test system architecture in the first place. Over more
than 20 years, we have seen countless examples of PXI platform innovation for the sake of the measurement, but as
Michael Keane, Product Marketing Manager at National Instruments, the company that originally developed
and introduced the PXI standard, asks, where is the innovation for the engineers themselves?

W

hen intermittent failures
start to increase, or test
data suddenly becomes
noisier than expected, or offset
by an odd amount, the main
question on an engineer’s mind is
typically the same. What changed?
Is the code, instrument, DUT or
physical setup to blame? Too
often, the issue comes down to
one faulty electrical connection,
after taking a prohibitively long
time to diagnose. The key to
mitigating risk here is to verify
a system’s physical setup at the
start of a test, to detect common
ATE connection issues early, while
remaining minimally disruptive
to the test itself. To help do this,
NI has introduced patent-pending
CableSense technology to some of
its PXI oscilloscope models. Using
principles similar to a traditional
time-domain reflectometer (TDR)
on a real-time oscilloscope within
your test system, you can detect
changes from a known, golden
setup, without having to alter
the connections themselves.

Detecting changes
in your setup
Automated test setups can range from
simple, single coaxial cable connections
to vastly complex mass interconnect
systems, involving adapters, switches,
receivers, interface test adapters (ITAs),
and/or temperature and vibration chambers.
To ensure the quality of a test, you need
to maintain secure connections between
the instrumentation and the DUT. However,
as the size and complexity of a mass
interconnect system grows, the number
of potential failure points grows as well.

When intermittent failures start to increase, or test data suddenly becomes
noisier than expected, or offset by an odd amount, the main question on an
engineer’s mind is typically the same. What changed? Is the code, instrument,
DUT or physical setup to blame?
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Faults are increasingly likely to occur with
connections closer to the DUT since those
locations are the most exposed to insertions,
changes and potential human error. For
instance, connections in a temperature or
vibration chamber are swapped between
every DUT, but the cables between a PXI
chassis and receiver are unlikely to be
touched frequently, once they are situated.

Types of connection
failures
Cables, connectors and relays unfortunately
wear over time, and are susceptible to
operational misuse. Cables can become loose
or frayed, pins can get bent from misguided
insertions, and relays may fail earlier than
expected. During tester replication, an
incorrect type or length of cable may also
be used by mistake, resulting in unnecessary
and avoidable measurement variation.

PXI for T&M
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failures until necessary (or, until they’re already
urgent). For additional peace of mind, some
organisations may routinely replace cables
before needed or schedule downtime for
connection health verification using an external
TDR. But frequent replacements require extra
budget, and external TDRs take extra time,
given that each test point must be disconnected from the test station and reassembled
after verification.

Innovating beyond the
measurement
Characterising your setup
using CableSense
technology
Lab experts may be able to visually inspect
systems in a high-level attempt to detect
changes, but bent pins or internal cable failures
are still too difficult to find this way. And
tampering with a test station that should
already be working fine is nerve-racking
because noble intentions could cause new
problems, especially when insertion counts are
limited. To help you characterise your setup
more efficiently, NI introduced CableSense
technology to some of its PXI oscilloscope
models, by incorporating a pulse generator
behind each oscilloscope channel’s 50 Ω path.
Similar to a traditional TDR, the NI PXI
oscilloscope sends a pulse along the entire
passive electrical path, from the oscilloscope
channel all the way to the DUT. When the pulse
reflects between impedance changes, you can
characterise impedance or reflection coefficient
over time, correlate it with distance, and
account for adapters, switches, receivers or
ITA connections in the signal path. Critically,
since the real-time PXI oscilloscope is already
incorporated into the automated test system
itself, you don’t need to alter any connections
to perform this characterisation. External TDRs
or wire testers require a combination of
disconnections, cable swaps or equipment
swaps for reactive debugging, so they’re not
effective preventive solutions.
To apply this technology, you can create a
limit mask from a known, golden setup to
serve as the basis for future comparisons.
The CableSense pulse is accessible through
the NI-SCOPE API, so you can programmatically create these masks, and then verify
against them later in an automated fashion,
perhaps right at the start of your test
sequence. Comparison logic detects both
major failures, like loose cables or bad relays,

and minor failures, like incorrect cable types or
lengths. You can automate this check at your
preferred frequency, for example, once every
morning, or, for critical, longer-running tests,
perhaps once per DUT. By tailoring the masks
to your own tolerance for change, you ensure
the repeatability you need in your specific
application to prevent false failures.

Failure prevention
alternatives
Test system downtime can be very expensive
if a project schedule gets pushed back, or a
DUT shipment is missed, so test organisations
should do all they can to proactively avoid this
and maximise their system uptime. When an
issue does arise, engineers’ troubleshooting
tools should help them pinpoint the source
effectively, so time is not wasted troubleshooting down the wrong path.
The simplest, although least effective, route is
to ignore the possibility of electrical path

While PXI analogue, digital and RF instruments are all continually growing in their
measurement performance, density or FPGA
capabilities, CableSense technology as a
hardware add-on is a tool specifically built to
accelerate an engineer’s troubleshooting
workflow. By leveraging an instrument already
housed within an automated test setup, the
PXI form factor allows the instrument to ‘see’
the rest of the passive electrical paths in a
system’s switch network, without disrupting
any connections. In this way, the proactive
health check can be designed into the system
as a whole and become part of an organisation’s operational routine geared toward
minimising change – a PXI innovation meant
for the engineers themselves.
Given its automation capability, CableSense
technology can help you mitigate your overall
risk by catching setup changes early, and
qualifying the integrity of the measurements
that follow – all without disrupting your typical
workflow. Whether you’re trying to be first to
market or just sticking to a strict schedule,
chances are you don’t have time for downtime.

CableSense technology is a tool built to accelerate an engineer’s troubleshooting
workflow, helping mitigate your overall risk by catching setup changes early,
and qualifying the integrity of the measurements that follow.
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Maximising performance of
PXI-based ATE by using cablefree mass interconnects
The concept of using modular instrumentation at the heart of functional ATE systems was quickly established following the
introduction of the VXI platform in 1987. Today, the PXI platform is at the heart of many new functional ATE designs. PXI has
evolved to offer a broad spectrum of measurement capability, coupled with a wide variety of switching options, all packaged in
a small footprint. Having such a comprehensive selection of instrumentation in a small modular platform has transformed the
flexibility available to test engineers. Here, Gary Clayton, Sales Director at automated test connectivity experts,
Mac Panel discusses how to maximise the performance of PXI-based ATE by using cable-free mass interconnects.

T

here are many priorities
that drive ATE designs,
depending on specific
application requirements.
These typically include: outright
measurement performance;
repeatability of performance;
ease of maintenance and
calibration; system scalability
and re-use; future proof
design; and minimum initial
and long-term cost.

Another important consideration when
designing ATE is which electrical interface,
generally referred to as the mass interconnect, should be used. In the days of VXI, this
was a straightforward matter: simply choose
your preferred mass interconnect and
connect to it using cables from the
instruments. Aside from the inevitable
noise and crosstalk issues always associated with cables, this worked well for most
of the era of VXI popularity.
However, the PXI platform has evolved to
offer measurement capabilities many
factors higher than the VXI platform, with
significantly greater I/O density on a small
footprint. This, combined with ever more
demanding test requirements and speed
of test, requires a fresh approach to mass
interconnect design: one that can eliminate

Mac Panel SCOUT PXI mass interconnect solution, featuring DAK connectivity
as many cables and wires from the ATE
design as possible. Removing cables from
the system is essential to meet the full
performance potential of a PXI ATE system
– and meet the design priorities previously
listed

The benefits of replacing cables with PCB
connections goes beyond the obvious
performance advantages of superior signal
integrity and a significant reduction in cable
associated noise issues. Just as important is
that the signal can be controlled, predicted and

Cable-free interface concept
• A PCB connection assembly is
installed on to the PXI instrument.
• In very high-density applications, a
flex-circuit connection is utilised and,
where signal type demands, short
wires can be used.
• All connections are incorporated into
an aluminium case, offering complete
protection for the connection, as well
as excellent electrical shielding properties.
• PXI instrument, with its connection, is simply installed into the PXI chassis through the mass
interconnect receiver.
• This process takes only a few minutes; significantly reducing typical system build times.

An important consideration when designing ATE is which electrical interface, generally referred to as the mass
interconnect, should be used.
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So how can cables be removed from test
fixure design?

Application example: update
of legacy transportable
ATE platform
The challenge: Multiple transportable/
deployable ATE systems needed to utilise
modern hardware and software platforms.
Timescales and budget were critical
considerations.

Example of a PCB connection module
attached to a PXI switch
duplicated along the entire signal path to
the system interface. As a result, multiple
instruments and ATE systems have near
identical performance characteristics; this is
all but impossible to achieve using traditional
cable connection methods.
The modular nature of a cable-free mass
interconnect simplifies the system design and
build process, with the PXI element of the ATE
build measured in hours – yielding significant
time and cost savings. This modularity is a
particular advantage for maintenance or system
reconfiguration, since instruments can be
removed and replaced in minutes, without ever
interfering with connections to other instruments
– minimising system downtime and again,
keeping costs to a minimum.
Eliminating cables for ATE systems has been a
key objective for system developers for many
years, but the system design is only one side of
the challenge. Test fixtures are also a critical
element of the test architecture, and are also
susceptible to the negative influence of cabling
– and the more complex the fixture, the greater
the potential performance and stability issues.

The Solution: The updated system has been
designed utilising PXI at the heart of the
measurement system. Initially it was planned
to use a ‘compatible’ wired interface, similar to
that used on the original legacy design. But it
was quickly realised that this interface concept
could not support the performance capability
of the redesigned system. An advanced mass
interconnect, using PCB connectivty, was
supplemented with great success. The end
user is in the process of deploying multiple
ATEs globally, with near identical performance
characteristics.
However, perhaps the major success of this
project was the ability to produce multiple
fixtures (test program sets or TPSs) to a very
high, and again, near identical performance.
The images show an example of an original
fixture design for this project. This example is
quite typical of how a typical TPS is designed
in the defence and aerospace markets.
The fixture design was a particular challenge in
this application, since there were to be multiple
duplications of several TPS types. A complex
wired TPS can take weeks to build; multiply
that by the quantity of fixtures required, and the
project would take years to complete. Another
challenge with this design was the wiring itself.
With all these cables, it is near impossible to
get repeatable performance characteristics
from one TPS to the next.

Redesigned TPS, using PCB
interconnection (images courtesy of
Advint, LLC)
times are measured in hours, not weeks, so
rapid build and deployment becomes viable,
even in the most challenging of applications.
The solution delivered to the end user is a
transportable ATE, that can be built and
supplied in days, thanks to its modular building
block design. ATE performance is optimised
and uniform across all systems and TPSs,
providing the user maximum deployment flexibility, as well as confidence that any ATE/TPS
combination will perform identically. The build
time savings across the project run into years,
compared to using wired system and TPSs.

The solution was to redesign the TPS, utilising
PCB connectivity as much as possible. The
images show the new TPS, with all the same
connectivity, but with almost all the discrete
wiring replaced with circuit card interconnect.

A typical TPS for the defence and
aerospace markets is characterised
using multiple connectors, often
circular, that are used to connect to
the UUT. The wiring of these fixtures
is often complex, is very time
consuming and is vulnerable to
errors and failures.
(images courtesy of Advint, LLC)

This redesign, using a PCB for most of the interconnections, provides a TPS with optimium and
repeatable performance on all TPSs of the
same type, in a greatly reduced size. TPS build

Mac Panel SCOUT interchangeable
test adapter (ITA)

ATE performance is optimised and uniform across all systems, providing the
user maximum deployment flexibility, as well as confidence that any ATE will
perform identically.
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