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DESIGN-WHILE-BUILD IS
THE NEW PARADIGM

The dynamic disruption of technical ad-
vance isn't finished with the design, de-
velopment, and manufacturing sectors.

One of the things that we've been explor-
ing and discussing over the last year or so is
the impact that modern tech has on how we
design, develop, and make things. Although
we are used to the introduction of novel core
technologies and how they need to be com-
mercialized and integrated into the latest
solutions, we are still getting on top of the im-
pact that advances have had on the process.

The last big advance in manufacturing
arguably occurred in the last few years, the
technical manufacturing migration to what
the market has labelled Industry 4.0. This
represented the final integration of software-
and logic-empowered automation solutions
into the physical manufacturing processes.
Intelligent tools, driven by advanced logic sys-
tems and guided by sensory feedback, have
revolutionized manufacturing,

However, it is becoming apparent that
there is still a way to go before disruptive
technology is done with the product develop-
ment process. The current world of Industry
4.0 is being evolved further by the integra-
tion of collaborative design and development
software and hardware that extends the
oversight and management of the creative
process from the initial idea through manu-
facture, and even into the field via over-the-
air software management.

Originally perceived by many as more of
a convenience for widespread development
teams than a true development force-multi-
plier, advanced collaborative software design
tools are creating a new creative paradigm.
These tools have been available for some time
now, but the recent explosion in remote
work, leveraged by the ability to integrate
them into Industry 4.0, has brought them
into the limelight.

Initially used just for file sharing and coordi-
nation of the design effort, companies are now
discovering how advanced software tools can

impact the entire development process. Some
of the advantages, at first glance, include the
ability to create a Bill of Materials far more
easily, ensure proper oversight of tasks within
the development process, and the ability for
team members to work together, using the
same tools simultaneously, remotely.

However, more and more companies are
taking the next step in the application of real-
time design and development technology and
are working on a product’s design through-
out the manufacturing process. Where once
a product’s design was pretty much set into
stone by the time it got to the manufactur-
ing floor, today more and more companies
are using the ability to design on the fly to
tweak their product even as it is being made.

This is not a small thing. Often in manufac-
turing design issues and/or improvements are
found, and in the old days it was nearly impos-
sible to integrate the needed changes without
completely revamping how things were done.
Today, now that everything in the entire pro-
cess can be tweaked, design changes can be
integrated in a smooth and intuitive manner
while a product is already being made.

The most visible company developing their
products on the fly while they are being cre-
ated is SpaceX, which has made multiple
changes to their rocket designs even as they
are assembling them for launch. Old-school
development would involve a larger number
of prototypes with fewer design iterations
between them, while SpaceX often incorpo-
rates multiple last-minute design changes
in each test flight.

Going forward, the companies that inte-
grate these advanced collaborative hardware
and software tools will be able to outperform
their competitors. They'll have the speed and
flexibility to create more optimized products
in a faster and more effective manner than
those who don't have an integrated develop-
ment environment. [F3

Alix Paultre,

Editor
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45.4 BILLION

Global Semiconductor
sales in July 2021

Revenue increase
over July 2020

Sot

141.8 BILLION

Predicted market
for loT by 2030

28.1%

Predicted CAGR 2021-2030

Source: Allied Market Res

24.9 BILLION

Global sales of semiconductor
manufacturing equipment
in Q2 of 2021

48%

Sales increase over 2020

Source: SEMI
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SPECIAL REPORT

KEEPING THE POINT
OF THE SPEAR SHARP

by Alix Paultre, Editor

In order for a military or aerospace

system to operate in an optimal fash-
ion when on the battlefield, it is critical
to properly test and evaluate the various
solutions.

Serving military systems

When we talked to Stephen T. Sargeant,
CEO at Marvin Test Solutions, about best
practices in the test and evaluation of in-
telligent military and aerospace subsys-
tems and munitions, Sargeant brought up
how implementing active emulation can
bridge the functional test capability gap
that current O-level handheld test sets

have when used to test current Smart/
legacy systems. Next-generation handheld
Smart weapon technology is critical to
consolidation and modernization of leg-
acy test sets (requiring obsolete handheld
and large, multi-box test sets).
Addressing the armament test gap
that exists across legacy 4th- and 5th-
generation aircraft equipped with Smart
weapon technology (MIL-STD-1760),
MTS MTS-3060A SmartCan Universal
O-Level Armament Test Set enables sup-
port for any platform and any Smart or
legacy armament system. The SmartCan
has replaced legacy passive-only test sets

V

Sponsored by " MARVIN TEST
SOLUTIONS

with an advanced active-test methodol-
ogy in more than 12 countries today.

Sargeant explained that in order to
actively test today’s fighter aircraft, two
conditions must occur: the test set must
identify to the aircraft the correct muni-
tion on the correct station, and once the
aircraft recognizes the munition, the test
set must then digitally communicate with
the aircraft to ensure proper communi-
cation and the arm and release/launch
sequence. These two conditions must oc-
cur at the required time, and while testing
and monitoring the digital systems and
the analog interface.

Active testing has major advantages
over passive testing, as it can resolve is-
sues effectively and immediately while
ensuring that the armament system
continues to work efficiently throughout
its life. It also validates that the product
delivers intended functionality and per-
formance after its delivery. Unlike legacy
handheld test sets that are only capable of
performing stray voltage and continuity
tests, the SmartCan’s measurement ca-
pability goes far beyond those important

W Marvin Test Solutions’ MTS-3060A SmartCan supports any platform and any Smart or legacy armament system
K2 Courtesy of Marvin Test Solutions
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The long life spans of vehicle-based electronics,
along with obsolescence issues, are an ongoing
problem.

tests and eliminates the need for multiple,
large two-person-carry test sets when
evaluating armament.

Advances in handheld armament test
technology have eliminated the need to
deploy three or more unique test sets to
determine an aircraft’s functional sta-
tus. In addition, in almost all cases, the
SmartCan executes test faster than the
legacy test sets. The small footprint, high-
ly-capable, rapid test functionality of the
SmartCan fits perfectly into the USAF’s
Agile Combat Employment (ACE) model.

Overcoming the legacy handheld test
set capability gap that exists across legacy
4th- and 5th-generation aircraft equipped
with Smart weapon technology is one of
the biggest challenges facing today’s ar-
mament maintainers. Innovative hand-
held O-Level test solutions are poised to
transform armament test. Active emula-
tion allows the maintainer to fully check
the functionality of the MIL-STD-1760
Bus, ensuring that required functions
occur as designed when airborne.

The MTS-3060A capabilities and rapid
test feature allows use during Integrated
Combat Turns (ICT) that will serve as a
bedrock of ACE. Training and logistics
requirements can also be greatly reduced
using the MTS-3060A SmartCan since
it is a universal O-Level armament test
set supporting multiple types of aircraft

and other vehicles carrying armament.
Maintainers could simply be instructed
on the SmartCan during initial technical
training, and then leverage its capability
across every aircraft the USAF flies today
and tomorrow.

When coupled with a predictive mainte-
nance Al system, the SmartCan-provided
test data can reduce the cost of maintain-
ing armament and reduce airborne fail-
ures. Utilizing statistical trend analysis of
the test data logs stored in the SmartCan,
maintainers can predict and prevent fail-
ures, taking maintenance beyond the tra-
ditional fail/fix paradigm. Furthermore, a
common test solution would reduce the
costs associated with test set life cycle
management and sustainment.

Solutions such as the MTS-3060A
SmartCan have the potential to rewrite
the armament test paradigm by advanc-
ing test equipment into the digital era,
revolutionizing the way units prepare
and execute combat missions, and pro-
vide more predictable and reliable mission
successes for warfighters. Test sets are
designed to meet customers’ test require-
ments for maintenance and sustainment
of Smart and legacy weapon systems’ ar-
mament, including that supporting LGB,
JDAM, SDB, and Hellfire and Maverick
Missiles, etc., for fixed and rotary wing,
manned and unmanned, aircraft.

For example, the MTS-3060A SmartCan
Universal O-Level Armament Test Set is
the most advanced handheld flightline
armament test set available, capable of
testing all Alternate Mission Equipment
(AME) and Aircraft Armament Equipment
(AAE). Test time reduction, test set con-
solidation, standardized training and
reduced logistics support were all key
concerns voiced by our customers, and
the SmartCan addresses all of these needs
and more. Battery operated, weighing ap-
proximately 4 Ibs., menu-driven operation,
and the consolidation of most existing
flightline armament test sets into one, sets
the MTS-3060A apart from all others. The
SmartCan enables ACE as soon as USAF
is ready to execute the strategy.

Additionally, the company supplies
the MTS-235A, the only production and
depot level test set deployed supporting
F-35Lightning IT AME and AAE. It is both
rugged and easy to deploy. We designed
the MTS-235A for use at the intermediate
maintenance level supporting F-35 AME
and AAE, if and when the F-35 program
moves beyond the current O- & D-Levels-
only armament maintenance test. When
coupled with Marvin Test Solutions’
Configurable Armament Repair Depot,
the MTS-235A allows for regional arma-
ment repair, close to the point-of-use,
further advancing ACE.

SEPTEMBER/OCTOBER 2021
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1 1 MIL/AERO TEST

MTS-235A
F.35 AME FIELD TEST SET
‘psamN ASSY 48D

svsTEMS

When asked about mil/aero test, Alan
Lowne, CEO of Saelig, described how the
long life spans of vehicle-based electron-
ics, combined with the inevitable obso-
lescence issues, are an ongoing problem
in the military. Automated test technolo-
gies are easing the pain. Keeping obsolete
and disparate systems running reliably
is a constant task for military planners.
Ensuring the reliable and safe operation
of a wide variety of military systems of-
ten means that electronic assemblies and
boards that malfunction or need routine
testing are returned to their respective
OEMs for evaluation. This creates ex-
pensive and inconvenient downtime for
equipment out of service.

In order to reduce operating costs, and
improve response times and shorten re-
pair cycles, operators often set up alocal
electronic repair workshop within their
own fleld maintenance centers to test and
find faults with the electronic assemblies
and PCBs to avoid sending subsystems far
out of the field of operations. This not only
saves time and money, but also reduces

A The MTS-235A F-35 Armament Test Set is a
rugged, portable test set for F-35 alternate mission
equipment.

K Courtesy of Marvin Test Solutions

'V Keeping obsolete and disparate systems running
reliably is a constant task for military planners.

the unavailability of vital transport stock
and equipment. Reduced in-service break-
downs and improved fleet capability en-
sure that transit and field systems run
more smoothly.

In former times, numerous separate
instruments, manually wired connec-
tions and paper test procedures operat-
ed by skilled technicians were adequate.

V

Sponsored by " MARVIN TEST
SOLUTIONS

These repairs were covered by
& trained-technician repair
| shops in dedicated off-site
repair centers. Nowadays,
with the emphasis on effi-
ciency and reduced costs,
universal automated test
systems have replaced in-
dividual test instruments,
but these can be extremely
expensive, and some of them
come with a steep learning
curve.

Automatic test equipment
(ATE) products perform auto-
mated or computerized test

procedures on a device under
test, including functional test-
ing of ICs, analog and digital
components, complete boards,
etc., and they vary in complexity
in order to provide repair capa-
bilities with different levels of test
capabilities for differing board complexi-
ties. Computer-based automated test pro-
cedures can run reliably and consistently
with test results being captured automati-
cally, with high accuracy, high test speeds
and extreme flexibility.

Typical ATEs include: In-Circuit
Testers, performing device level tests
on components mounted circuit boards;
Functional Testers, used to test full func-
tionality of boards and mod-
ules via edge connectors;
Boundary Scan Testers for
products that are JTAG-
compliant such as BGA,
FPGA, CPLDs, or even com-
plete boards with a JTAG
connector. ATEs have given
power and independence
to military forces when it
comes to electronic repair.
Becoming equipped with
automatic testing means
that repair facilities don’t have to rely
on outside contractors; they can reduce
repair time and cost, and even refurbish
and repair outdated and old electronics
closer to their use.

Factors to consider when selecting a
suitable product include cost, ease-of-use,
training availability and expandability.
Care must be taken to consider if the

10 EVALUATION ENGINEERING ~ SEPTEMBER/OCTOBER 2021



system can cope with obsolete
and state-of-the-art electronics.
Whether you are a military plan-
ner, an engineer, or a servicing of-
ficer, there are test products to be
found that will provide solutions
to meet individual requirements
to keep transportation electron-
ics working and reduce system
costs. While today’s ATE systems
are modular and configurable to
support multiple different test
methods, they need to be easy to
use and to become familiar with.

Emulation as force multiplier
When we reached out to Dan
Walsh, Director, Defense
& Aerospace Marketing at
Teradyne, he said that the lat-
est, most advanced weapons
systems are more complex, and
utilize more interconnected
subsystems and sensors, than
ever before. As a result, the vol-
ume of data moving within the
system is always increasing.
This requires the adoption of new, reli-
able, high-speed network technologies
at a faster and faster rate. Focusing on
software-defined, reconfigurable, high-
speed instruments and systems is the
key enabler to support these new weap-
ons systems.

To be able to provide the most cost-
effective test solutions, in the ever-short-
ening design cycle and faster deployment,
it is essential to use test platforms and
instruments that can be reconfigured and
repurposed as weapon systems evolve.
It is essential to use highly adaptive
test instruments, which support a wide
range of interface speeds and protocols.
Utilizing instruments that support test
applications throughout the weapon sys-
tem product lifecycle—from design and
evaluation, to production, deployment,
and sustainment—provides test system
designers the flexibility to support both
the needs of today and the requirements
of tomorrow.

Walsh also said there are two key is-
sues Teradyne sees: the proliferation
of more I/0 technologies and the need
for faster deployment of new weapon

G
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A Open-architecture test platforms and instrumentation provide

flexible, scalable, software-configurable solutions.
K Courtesy of Teradyne

platforms. Gone are the days of an aircraft
or weapons system based primarily on a
single core data bus technology such as
MIL-STD-1553. The systems of today are
employing a more diverse set of avionics
communications technologies includ-
ing high speed Ethernet, Fibre Channel,
Firewire, InfiniBand, sFPDP, and more.
This complicates the design of ro-
bust test systems used to support these
new military platforms and drives the
need for test instruments that support
multiple data bus types to promote,
reuse, and extend the test system life
cycle. Innovative, open-architecture test
platforms and instrumentation provide
flexible, scalable, software-configurable
solutions which are essential to the de-
sign of cost-effective ATE and simulation
systems in this environment.
Although the communication tech-
nologies have gotten more complex, the
military programs today require shorter

development and deployment cycles. This
drives the need for higher-performance
and faster-to-deploy test solutions. We are
seeing more and more customers needing
fully-integrated and complete test solu-
tions including hardware, software, test
programs and other engineering services
to solve very complex test requirements
and meet their schedule.

Walsh finished by pointing out the im-
portance of addressing the challenges of
supporting a more diverse and higher-
speed set of avionics network technolo-
gies by designing instruments which are
more reconfigurable, and therefore capa-
ble of supporting a range of network inter-
face protocols over a range of speeds. At
the same time, Teradyne is making more
intelligent instruments capable of offload-
ing more tasks from the host system to
accommodate the increasing volumes of
data that must be handled during test and
maintenance activities. @3
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HARSH ENVIRONMENTS ARE WHY
PRODUCT DEVELOPERS SHOULD
RETHINK TIMING FOR 5G

By Jeff Gao, Senior Director of Product Marketing, SiTime

Not simply a faster 4G LTE, 5G is one

of the most transformative technolo-
gies in the history of telecommunica-
tions. In fact, 5G is transforming indus-
tries, society and how we communicate
and live. This is because 5G is 10 times
faster than 4G, supports 10,000 times
more network traffic, and can handle 100
times more devices, while enabling one-
fiftieth the latency with zero perceived
downtime.

Q: Have technological changes
made is necessary to fully realize 5G
capabilities?

A: Although 5G builds on existing 4G
infrastructure, 5G networks deployed at
scale will require a complete redesign of
communications infrastructure. Industry
experts generally agree it may take a de-
cade to completely roll out 5G networks
and to realize its full value through the
Internet of Things (IoT), automated driv-
ing, telemedicine, artificial intelligence,
and virtual and augmented reality.
Leading carriers have already begun de-
livering 5G service in major metro areas
this year, and we may see up to 1.8 billion
5G connections deployed worldwide by
the end of 2021. One of the most impor-
tant technologies enabling end-to-end 5G
is MEMS timing.

Q: How does network densification
lead to some harsh conditions for 5G
deployments?

A: Network densification to add 5G net-
work capacity requires adding more cell
sites to a variety of locations in order to
increase the amount of available capacity.
To accomplish this, equipment is being

-

Cross section of a MEMS resonator (Scanning
Electron Microscopy)

deployed in uncontrolled environments,
such as in basements, on rooftops, at
curbsides and on poles.

Q: What do performance, bandwidth
and latency have to do with delivering
on the promise of 5G?

A: Delivering on the full promise of 5G
requires performance, bandwidth and la-
tency beyond what'’s possible with current
networks. So far, we have deployed sub-
6 GHz networks, and the market needs
ultra-fast millimeter Wave (mmWave)
technology in the 24 GHz to 40 GHz
range. This shift will require widespread
deployment of outdoor equipment to over-
come line-of-sight, blockage, and cover-
age challenges associated with mmWave
frequencies.

Two significant deployment require-
ments have emerged with 5G: network
densification in which cell sites are
added wherever they can be to increase
the amount of available capacity and
cloudification in which light and other
utility poles are used to transform net-
works and enable 5G-powered services.
Due to their exposure to shock, vibration,
extreme temperatures and other harsh-
environment stressors, these deployments

require resilient, ruggedized timing com-
ponents, and that means MEMS.

Q:Isrugged equipment required for 5G
deployment?

A:Ensuring reliable, resilient 5G mmWave
networks may require as much as 100x
more equipment (base stations, small
cells, relays and repeaters) deployed closer
to customer premises such as on lamp-
posts, traffic lights, stadiums, rooftops
and exterior walls. Most of this equip-
ment will operate in harsh outdoor en-
vironments and must withstand extreme
temperatures, wind, vibration, and shock.

Q: What technologies do 5G implemen-
tations require?

A: The hardware and software technolo-
gies impacted by or involved in 5G imple-
mentations include, but are not limited
to, optimized RF ICs, antenna arrays,
amplifiers, beamforming and beam
management techniques. At a recent
operator-defined open and intelligent
radio access networks (O-RAN) confer-
ence, the need for timing synchroniza-
tion for 5G was a highly discussed topic.
This is because many of the fundamental
techniques involved in 5G not only require
synchronization but, in fact, demand lev-
els of timing alignment beyond anything
previously deployed on this scale.

Q: Why are rugged timing devices so
crucial for 5G deployments?

A: Timing devices are the heartbeat of all
electronic systems including communi-
cations infrastructure, industrial equip-
ment, automotive systems and countless

12 EVALUATION ENGINEERING ~ SEPTEMBER/OCTOBER 2021



10x

Faster

10x more accurate
time synchronization

10,000x

More Traffic

The vision of 5G

electronics products. Think of a timing
chip as a metronome used by a piano play-
er, providing the musician with a precise,
steady beat for a sharper, clearer musical
performance. Despite the prevalence of
timing technology in our lives, relatively
few people—except for system engineers
and architects—are aware of the crucial
roles clocks and oscillators have played
in communications revolutions over the
past several decades. As we enter the 5G
era, timing technology is more critical
than ever.

Q: What are the different timing tech-
nologies in 5G? Why silicon-based
MEMS?

A:Most electronic systems have histori-
cally used quartz-based timing devices,
functionally similar to the quartz crys-
tals quietly resonating inside our analog
wristwatches. Quartz is a 70-year-old
timing technology, and its resonators
and oscillators have served us well over
the decades. However, there’s a quiet revo-
lution underway in the timing industry.
New generations of timing devices based
on tiny, ingenious micro-electromechan-
ical systems (MEMS) resonators have
been replacing quartz in applications
that require the highest reliability and
resilience to environmental stressors.

10-100x

More Devices

Better environmental
resilience

50x

Lower Latency

MEMS technology, combined with ana-
log circuits, provide a complete timing
solution that is much smaller and lower
power than equivalent quartz-based de-
vices, and is much more resistant to harsh
environmental conditions.

Q: Should we really say that MEMS is the
de-facto 5G timing technology?

A: MEMS timing devices have been per-
fected over multiple generations and have
steadily displaced quartz-based counter-
parts in many demanding communica-
tions and networking applications such
as 4G LTE and 5G wireless infrastructure.
MEMS-based resonators, oscillators and
complete “clock-system-on-a-chip” de-
vices deliver orders of magnitude higher
performance, reliability and resilience
than quartz solutions. For these rea-
sons, MEMS is an ideal precision timing
technology for 5G macro- and small-cell
base stations deployed outdoors, helping
equipment makers and mobile carriers
deliver on the promise of 5G.

Q: Is 5G implementation worth the
investment?

A:Itis not an understatement to say that
user experiences enabled by 5G can be
life-changing. It is the next revolution

/ero

Perceived Downtime

Higher reliability,
lower power

90%

Less Energy

in networked technology, not simply an
evolutionary upgrade. Because ofits revo-
lutionary nature, 5G can enable entirely
new, previously unattainable applica-
tions as it breaks boundaries in access,
bandwidth, performance and latency to
open up connectivity on massive scales
for instantaneous, reliable communica-
tions in entertainment, healthcare, trans-
portation, smart cities and homes, and
the Internet of Things.

The success of 5G will depend in part on
customer satisfaction, not only in terms
of unrivaled wireless performance but
also rock-solid reliability. With 5G, there
is simply no option for dropped calls
or network outages caused by extreme
temperatures, excessive vibration or
sudden shocks. Whether it’s for a self-
driving car or remote surgery, operators
and users alike must be able to rely on
5G as a failsafe technology. 5G equip-
ment makers have already begun us-
ing MEMS-based timing technology in
network infrastructure. In fact, more
than 10 different 5G applications now
use MEMS timing devices.

It’s about time: The 5G revolution is
well underway, and the latest advances
in MEMS timing technology will help
energize the coming wireless network
innovation and transformation. 3

]
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1 1 POWER TEST

SPECIAL REPORT

POWER TEST IS CRITICAL
T0 ENSURE OPTIMUM
PERFORMANCE

The more sophisticated power electronics systems become, the mare
of a challenge it is to properly test and evaluate them.

by Alix Paultre, Editor

Advanced power solutions are at the

heart of the current electronics revo-
lution. With all of the advances in areas
such as microcontroller design and ma-
chine learning, among others, the advent
of significantly improved power systems
to better drive these functionalities is a
major development in the industry. These
advances also mean challenges to the
power test and evaluation industry. This
Special Report on Power Test lists some
interesting solutions.

SiC Wafer Qualification

Wide-bandgap materials like Gallium
Nitride (GaN) and Sllicon Carbide (SiC)

are already changing the world with per-
formance several times better than that
of Silicon. SiC, for example, has risen as
the material of choice in advanced power
systems such as those found in next-gen
electric vehicles and industrial systems.
One of the important enablers of this tran-
sition is that SiC chips are transitioning to
larger, 200 mm wafers that enable the chip
counts to meet growing global demand.

When we approached Sundar
Ramamurthy, Group Vice President and
General Manager of the ICAPS group
at Applied Materials, he talked about
their latest products that are aiding the
transition from 150mm to 200mm wafer

production, which will approximately
double the die output per wafer. Advanced
materials engineering is needed to opti-
mize raw wafers for production and build
circuits with minimum damage to the
crystal lattice. Sundar pointed out how
the industry is now in the early stages of
the SiC power revolution and will benefit
from Applied’s expertise in materials en-
gineering on an industrial scale.

The company has been working with
Cree, an SiC manufacturer, as things
like electrification in transportation are
rising trends. According to Gregg Lowe,
President and CEO of Cree, Applied’s
support in helping speed qualification
of 200mm processes using technologies

'V The Mirra Durum CMP system which integrates
polishing, measurement of material removal,
cleaning, and drying in a single system

2 Courtesy of Applied Materials
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A EA's PSB-series Programmable Bidirectional DC Power Supplies offer two-
quadrant operation combining up to 30 kW sourcing and loading.

K2 Courtesy of Elektro-Automatik

being developed by Applied’s ICAPS
team, such as hot implant, are also in-
creasing our technical collaboration
while helping accelerate Cree’s power
technology roadmap.”

Sundar pointed out that since SiC wa-
fer surface quality is critically important
to SiC device fabrication, it is important
to address defects on the surface of the
wafer, as they will migrate through the
subsequent layers. To produce uniform
wafers with the highest quality surfaces,
Applied has developed the Mirra Durum
CMP system which integrates polish-
ing, measurement of material removal,
cleaning, and drying in a single system.
The solution results in a 50X reduction
in final surface roughness as compared
to mechanically ground SiC wafers and a
3X reduction in roughness compared to
batch CMP processing systems.

The process of ion implantation places
dopants within the material to help en-
able and direct the flow of current within
the high-power-producing circuits. The
density and hardness of SiC makes it very
hard to inject and accurately place and
activate the dopants while minimizing
damage to the crystal lattice. Applied’s
VIISta 900 3D hot ion implant system in-
jects ions with minimal damage to the
lattice structure, resulting in a more than

40X reduction in resistivity, compared to
legacy processes at room temperature.

Addressing higher

voltages and loads

When we spoke with Zeke Pietsch,
Customer Success Manager at EA
Elektro-Automatik, said that a major
challenge for testing high-power con-
sumer products today is working with
higher voltages and load currents. As
end-product power levels rise, manu-
facturers need to contend with higher
power supplies and loads. Traditionally, a
high voltage supply was a 1,000 V supply.
Now test engineers need to work with
power supplies and loads with voltage
ratings of 2,000 V and higher.

With products operating at high volt-
ages, manufacturers must contend with
simulating disturbances such as noise
on DC supply lines for thorough testing
of product circuitry. Also, loads that can
simulate dynamically changing outputs
allow complete testing of products that
output power. Conventional signal gen-
erators to simulate noise in high-voltage
supply lines or dynamically changing
loads are neither safe nor feasible. An
alternative method is needed. One so-
lution is a supply or load with built-in
signal generation.

In addition, test engineers have the
challenge of minimizing test system
cost and space. Supplies and loads with
autoranging characteristics enable use
of one supply or load to source or sink
a much wider range of voltages and cur-
rents than a conventional supply or load
with rectangular output characteristics.
An autoranging source or load can reduce
the number of high-cost, high-power
supplies and loads. Furthermore, use of
regenerative loads can save utility costs.
If the source and load can be combined,
then fewer devices are needed in the test
rack, saving space and reducing control
complexity.

Wideband semiconductors incorporat-
ed in new power supplies and loads have
the potential to enhance testing of legacy
systems and improve reliability with im-
proved detection of defective and border-
line defective products. Designs can be
stressed more in accelerated life testing
with power sources with higher voltage
and current supplies and loads. The wide-
bandgap power components permit in-
creased power density in enclosures that
housed lower power, less-efficient sources
and loads. Use of wideband semiconduc-
tors enables more thorough testing with
function generators that can operate on
top of high voltage supplies and loads. The

SEPTEMBER/OCTOBER 2021
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A AZX Series regenerative AC & DC Source with optional load
combines multiple test capabilities in a single product
K2 Courtesy of Pacific Power Source

function generators can simulate conditions
on DC power lines and simulate varying
conditions on electronic loads.

EA Elektro-Automatik offers dense,
high-power supplies and electronic loads
that have 30 kW capacity in only 4U high
by full-rack width enclosures. These power
handling devices can easily scale with as
many as 64 parallel units to manage up to
1,920 kW total power capacity. The ELR-
series Programmable Electronic DC Loads
are regenerative devices that provide 95% ef-

Reduced energy consumption
saves on cooling infrastructure
since much less energy is
converted into the heat
generated by a conventional load.

ficiency to both reduce power consumption
and save utility costs. Reduced energy con-
sumption saves on cooling infrastructure
since much less energy is converted into
the heat generated by a conventional load.

EA’'s PSB-series Programmable
Bidirectional DC Power Supplies offer
two-quadrant operation combining up to
30 kW sourcing and loading. When a test
system needs sourcing and loading at dif-
ferent times, the PSB-series two-quadrant
supplies can save costs and test system rack
space with use of a single instrument.

Both the PSB- and ELR-series instru-
ments have a built-in arbitrary function
generator that can enable test engineers to
create load profiles to simulate loads such
as solar cell inverters and loads for battery
discharge testing under different conditions.
Test engineers can simulate batteries, solar
cells, and fuel cells with the power supply
functionality of the PSB. Test engineers can
also simulate noise and voltage variations
on DC source lines.

The PSB-series and ELR-series instru-
ments employ autoranging to permit test
engineers to use a wider range of current
and voltage compared with conventional
rectangular-characteristic supplies and
loads. This allows a wider range of DUTs
to be tested with a single power supply.
Furthermore, these instruments allow full
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power output or loading across a wide
range of voltage and current settings.
These instruments have a wide range of
standard and optional interfaces which
give the test engineer maximum flex-
ibility to interface with PLCs (ModBus,
Profibus), PCs (USB, Ethernet), and au-
tomotive controls (CAN bus).

Empowering the EV

charging infrastructure

Herman vanEijkelenburg, Director of
Marketing Pacific Power, told us about the
need to build a better and more expansive
electric vehicle charging infrastructure,
which increases the need to test on-board
chargers, from home Level 1 and 2 char-
gers as well as Level 2 and 3 public charg-
ing stations. Many on-board and in-home
EV chargers are bidirectional to support
peak demand shaving through V2G or
V2H type use. This is pushing test require-
ments for power levels and voltages ever
higher, both AC and DC.

Examples of the latest test solutions
can be found in the company’s regenera-
tive AZX Series of programmable AC, DC
and load combination testers which ad-
dress this growing need by offering power
levels starting at 30 kVA/kW and parallel
operation to 400 kVA/kW. They also offer
AC output voltages for 440Vac rms Line-
to-neutral and 762 Vac rms line-to-line
and 1300 Vdc.

He also pointed out that wide-bandgap
semiconductor devices like GaN and SiC
allow designs with higher energy efficien-
cy and are able to handle higher device
temperatures but do not fundamentally
change the way power products are test-
ed. The same programmable AC and DC
power sources and electronic loads are
generally capable of testing power prod-
ucts using conventional silicon as well as
wide bandgap-based designs.

PPST Solutions offers a wide range of
power test equipment spanning power lev-
els from as little as 500 VA all the way up to

400kVA and higher as needed. This includes
both programmable AC source, DC power
supplies and electronic loads. The range
of product types and power levels allows
the company to tailor optimal power test
solutions for their customers, which range
from small startups to large established
consumer and industrial companies.

For example, to address the need for
range extending higher power battery
packs for electric vehicles, we now offer
regenerative AC power, DC power and
electronic load power test equipment in a
single unit. The new Pacific Power Source
AZX Series regenerative AC & DC Source
with optional load combines multiple test
capabilities in a single product offering
maximum flexibility to our customers.
Starting at 30 kVA/kW, these units are
easily scalable to 400 kVA/kW and offer
advanced transient programming and
high-speed data acquisition features as
well as support for Power Hardware in
the Loop (PHIL) applications. [

KIKUSUI AMERICA

THE MOST RELIABLE POWER
TEST EQUIPMENT

After 70 years of uncompromising design and development,

Kikusui test equipment has become synonymous with high-performance
and reliability. Top international tech companies rely on us for critical
testing applications in SiC, high voltage battery, electric vehicle charging,

traction motor testing and more.

Design the future of electric vehicles with Kikusui.

Electronic Loads
PLZ-5W series

AC Power Supplies

PCR-WEA/WEA?2 series

PWR-01 series

www.kikusuiamerica.com/solution

DC Power supplies

Electrical Safety Testers
TOS9300 series

kikusui@kikusuiamerica.com

Kikusui America, Inc. 3625 Del Amo Blvd, Ste 160 Torrance, CA 90503 Tel: 310-214-0000
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THE IMPORTANGE OF DATA
RECORDERS IN ADVANCED TEST

By David Holt, BK Precision

Data recorders have a long history
and continue to advance, to keep
pace with the applications of today.
Data recording instruments have
a history that dates back to the 1800s,
when Charles Babbage incorporated a
mechanical instrument into a railcar to
record over a dozen parameters. Babbage
described his prototype as a roll of paper

1,000 feet in length that slowly unraveled
itself upon a long table. The model had
roughly a dozen pens connected with a
bridge crossing the center of the table,
each marking an independent curving ink
mark. Technology has since advanced to
the point where we can record an exten-
sive number of sensors on a small portable
instrument.

Older data recorders tended to be lim-
ited to only recording signals with values
that changed relatively slowly. That was
because they had response times limited
by the electromechanical pen and paper
system used to archive data. Today, such
limitations are no longer in place, par-
ticularly for the latest generation of re-
corders. Today’s electronic data recorders
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feature fast sampling rates, large internal
memory, touch displays, and a wide range
of input capabilities. Data recorders can
replace several instruments and provide
additional options such as thermal print-
ing and communication bus analysis.

DMMs, DSOs, and Data Recorders

Digital multimeters (DMM) are used pri-
marily for measuring voltage, resistance
and current. Data Recorders, on the other
hand, are capable of measuring the same
parameters, but can also monitor tem-
perature, humidity, vibration, strain, and
rotation, to name a few. Unlike typical
DMMs, recorders excel in performing
these measurements on multiple channels
simultaneously. The data can be analyzed
on-screen, with built-in cursors to select
specific waveform details, or the data can
be transferred to a computer. Recorders
also support more complex operations
such as writing of custom equations for
performing mathematical calculations
between two or more channels.

Digital storage oscilloscopes (DSO)
have become a widely used means of
capturing and storing waveform data
and have evolved to include triggering
capabilities along with fast sampling
intervals. In comparison, data record-
ers offer more channels, greater vertical
resolution, and more memory, which al-
lows recording and comparing of more

signals over a longer period of time. When
using a DSO, the trigger event might be
missed, but a data recorder will capture
it because it is recording continually. For
example, B&K Precision recorders feature
apre-trigger option to set a percentage of
time to capture before the trigger event,
ensuring valuable data is not lost.

It is not unusual for data recorders to
feature similar triggering mechanisms
to those available on scopes, including
triggers based on the leading and fall-
ing edges of the signal being recorded.
Additionally, it is relatively easy to find
recorders providing the same kind of anal-
ysis available on specialized instrumenta-
tion such as powerline quality monitors.
Other functionality like X-Y displays, as
long found on oscilloscopes, are also avail-
able on data recorders.

Addressing Applications

Users who need to acquire data for lon-
ger periods of time across multiple chan-
nels, or from a variety of input signals,
will benefit from using a data recorder.
These instruments have been designed
to enable direct input and measurement
of a wide variety of voltage, current, fre-
quency, temperature, strain gauge, and
logic signals with voltage inputs ranging
from millivolts to kilovolts (Figure 1). This
allows a single instrument to simultane-
ously measure small sensor signals and

ENVIRONMENTAL CHAMBER

Temperature

high voltages in an electrical system,
while reducing the challenges configur-
ing several instruments.

A common application for data record-
ers is in environmental testing, where
several sensors are required to monitor
parameters such as temperature, humid-
ity, wind speed and direction, as well as
barometric pressure at a weather station.
These environmental tests may also be
performed in an environmental cham-
ber to verify how the device under test
responds to changes in environmental
parameters while monitoring the DUT
voltage and current (Figure 2).

Recorders are also widely used in the au-
tomotive industry. Motor vehicles contain
numerous sensors, electronic controls, and
systems which the instrument can monitor
simultaneously (Figure 3). Key measure-
ments include voltage and current, force,
pressure, stress/strain, speed, and temper-
ature. Many recorders offer the additional
capability to monitor and analyze traffic
on the CAN or LIN bus, which are widely
used interfaces in this industry.

Data recorders are capable of moni-
toring systems in industrial settings.
Portable recorders aid in preventative
maintenance measures which, in turn,
help maximize productivity. They can
be used to monitor voltage, current,
temperature, strain, and vibration sig-
nals of industrial equipment, to detect

<« Figure 2: Environmental chamber with data
acquisition system monitoring the device under
test and environmental sensors
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A Figure 4: Data acquisition system monitoring
typical electric motor parameters

abnormalities and to record data that
will allow conveniently scheduled main-
tenance (Figure 4).

Specifications and features

When considering data recorders, the
high-level specifications include the num-
ber of input channels, the measurement
types (i.e. voltage, current, frequency), the
minimum and/or maximum input volt-
age, the sampling rate, memory size, and
the modes of operation. These specifica-
tions help determine which instrument(s)
will meet individual needs. The number
of channels is a trade-off with portability.

[—
IT

Wheel Speed

As the number of channels increases, so
does the weight of the unit.

Measurement types and voltage input
ranges are fixed numbers that need to be
met, but sampling rate and memory size
require more consideration. Although a
faster sampling rate may seem desirable,
it will reduce maximum recording time,
given a fixed memory size. For this rea-
son, it is important to have a good under-
standing of the nature of the signals to be
captured when selecting a data recorder.

Many data acquisition systems have
multiple modes of operation: One mode
for recording over longer periods of time
at a lower sampling rate and another
mode for recording at a higher sampling
rate for a shorter period of time to capture
intermittent events. Additionally, some
recorders provide the ability to synchro-
nize to an external time base such as IRIG
(Inter-range instrumentation group) time
codes or GPS signals.

The latest data acquisition record-
ers and loggers offer features like large
touchscreen displays, built-in batteries,
and channel counts. For example, the
lightweight and portable DAS220-BAT
and DAS240-BAT data recorders have
built-in batteries for up to 15 hours of con-
tinuous recording, where power sources
are unavailable, from 10 to 200 channels
with a sampling interval of 1 ms, 16-bit
vertical resolution and 100 V DC maxi-
mum input voltage.

Exhaust Temperature

Other examples can be found in the
DAS30/50/60 series, which has a sam-
pling interval of 1 pus in memory mode,
and up to 9.5 hours of recording time,
with an optional thermal printer. An
included power analysis application
allows for recording and analysis of
single- or three-phase power networks.
The DAS1700 is a configurable data ac-
quisition system, featuring four types
of measurement boards that can be in-
stalled in any combination of up to three
in the base unit of the recorder or up to
six with an optional expansion.

The DAS1700 can stream measure-
ment data directly to the internal solid-
state drive at a 1 us sampling interval
and is also capable of recording two files
simultaneously. It also includes a power
analysis tool along with a function edi-
tor. This user interface allows building
custom functions to perform mathemati-
cal calculations between multiple chan-
nels. The result is displayed on a separate
virtual channel for easy analysis.

Conclusion

Data recorders have a long history and
continue to advance, to keep pace with
the applications of today. It is clear that
these instruments are essential tools in
many industries, and it is important to
select the proper data recorder solutions
for your applications and industries. [
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Introducing

B&K Precision offers a full range of data acquisition recorders and loggers from
powerful portable instruments to full-featured configurable systems. Features like
high speed recording, large channel count, deep memory, remote connectivity,
long battery life make these instruments ideal for many applications ranging from
small sensor signal logging to electrical power analysis.

Process monitoring and verification for a wide range of industries

www.bkprecision.com



1 1WIRELESS SYSTEMS FOR 10T ‘

HOW ETHERNET-BASED EVALUATION
BOARDS AND MODULES CAN ENABLE
SECURE INDUSTRIAL WIRELESS

CONNECTIVITY

By Tinu 0za, Product Manager L-com

The use of IoT to connect everyday

devices has, in turn, created a mas-
sive ecosystem of wireless protocols,
application-specific radio chips/modules,
and prototyping/development boards.
There are already nearly 9 billion IoT de-
vices globally—a number that is antici-
pated to nearly triple to 25.4 billion by
2030. The massive array of these wireless-
ly-connected sensor networks all have
with it varying payloads, data capacities,
link distances, determinism, security, and
latencies in varying topologies that can
be point-to-point, point-to-multipoint,
star or mesh, to best suit its respective
IoT use case.

This article focuses on evaluation
boards for implementing an industrial
wireless connection for the far-reaching
IoT nodes within a facility. A discussion on
the considerations for these types of wire-
less nodes, as well as their applications,

is considered in order to equip the reader
with a better understanding of electrically
and mechanically ruggedized IoT devices
for high-reliability wireless applications.

A Look at wireless protocols

for high reliability loT

There are many non-industry-specific
IoT networks such as Zigbee, Z-wave,
and 6LoWPAN that are often used in
low-powered indoor mesh networks for
home automation and general automa-
tion purposes. However, high reliability
applications require a level of guaranteed
determinism, security, scalability, and
range for extendibility. Protocols that
are specifically geared towards indus-
trial applications such as WirelessHART
and ISA10.11a potentially offer this with
nominal data rates and relatively low-
latency communications. However, there
is less adoption of these technologies, as

'V Figure 1: Common loT wireless technologies and their latencies with respect to maximum link
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they are not as commonly used. There
are therefore far less commercial options
for the implementation of such IoT net-
works, and the lack of vendor diversity
can drive up the cost, scalability, and
potential continuity of supply when em-
ploying these solutions. Protocols such
as Bluetooth, Bluetooth low energy (BLE),
WiFi, and cellular-based IoT protocols
such as NB-IoT and LTE-M already
have a large operating base, due to the

Parameters

WirelessHART

ISA100.11a

Operating Frequency 2.4 GHz 2.4 GHz
Maximum Range ~200m ~200m
Maximum Transmit Power Must comply Must
with FCC EIRP comply with
regulations FCC EIRP
regulations
Throughput 250 kbps 250 kbps
Latency 10ms (direct to ~100 ms
gateway), 30 ms
(1 hop) to 50 ms 3
Bandwidth 3 MHz 5 MHz
Security AES Encryption AES
Encryption
Battery Life several years several years
Capacity (Number of 30,000 unlimited
connected devices)
Network Topology star + point-to- | star + Mesh
point + Mesh
Licensed or Unlicensed Unlicensed Unlicensed
spectrum
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'V Figure 2: Industrial automation
hierarchy. The amount of wires and
devices increases dramatically when
going down to the machine-levelZ.

ubiquity of cellular networks. Newer, low
power wide area networks (LPWANS)
have filled a unique niche in connectiv-
ity by using the sub-GHz spectrum in
combination with narrowband (NB) and
ultra-narrowband (UNB) modulation
schemes to achieve large link distances
with low-powered devices. This allows
distant nodes to be connected without
the need for battery changes and mainte-
nance. However, these networks are typi-
cally used in applications that require
low payloads transmitting infrequently.
For instance, for scheduled check-ins
in oil pipelines to monitor the health of
the pipeline via flow-rate measurements
and seismic monitoring. Table 1 lists the
basic differences between some of these
wireless networks—this illuminates the
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sensor/actuator nodes. However, there

slight fundamental differences between
the various IoT protocols and how they
can best serve their specific applications.

It is apparent that there is really no
one-size-fits-all solution for all IoT

applications. Figure I illuminates the link
distance and latency of some IoT proto-
cols—critical use cases require scheduled,
low latency communications in order to
ensure reliable monitoring/control of

are other considerations for these wire-
less technologies, including their data
rate, scalability (capacity), battery life,
and security.

Table 1: Comparing Basic Parameters of Common loT Protocols

wer Wide Area Network (LPWAN)

Other Common Wireless Protocols

LTE-M1 NB-loT WiFi HaLoW Bluetooth 5 Low 802.15.4/Zigbee
(LTE Cat M1) | (LTE Cat NB1) Energy
915 MHz (US) 868 | 868 MHz, 902 MHz ISM - - 24,5 GHz 900 MHz 2.4 GHz 900 MHz, 2.4 GHz 915 MHz
MHz (Europe) 433
MHz (Asia)
2-15km up to 3 km - 10-15 km < 300 ft ~1km <200 m (PtP), 10to 100 m (LoS) 30to 100 m
<1.5 km (mesh)
25 mW (uplink) | 25 mW (uplink, Europe) 4 - - 100 mW 200 mW 10 mW >1mW >1mW
0.5 W (downlink) W (uplink, US)
159 mW (uplink, US) 500
mW (downlink, Europe)
0.3 khps to 50 100 bps up, 600 bps >1 Mbps 20 kbps to 144 >54 Mbps 150 kbps 1 to 3 Mbps 250 kbps (2.4 GHz) up to 100 kbps
kbps down kbps
1-2 s (round-trip) 1-30's 10-15 ms 16-10s 1-3 ms ~100 ms <3ms < 140 ms (50 byte -
payload, up to 6
hops)
7.8 to 500 kHz 100 Hz UL channels 1MHzto 1.4 180 kHz ~22 MHz 2 MHz ~2 MHz 2 MHz (16 channels) -
600 Hz DL channels MHz
AES Encryption Devices work - - WEP, WPA, WPA2, WPA3 AES-CCM Encryption 128 hit AES $2
predominantly offline WPA3 CSRK encryption
10+ years 10+ years 5+ years 5+ years - up to 13 years - several years 10-year
1.5 years (coin cell)
100,000+ - - 55,000 devices - 8,000 devices per 32,167 < 65,000 per 232 per network
per cell access point network
star-of-stars one-hop star topology - most mesh mesh PtP, mesh mesh mesh
topology topologies are
star-based
Unlicensed/ Unlicensed Licensed Licensed Unlicensed Unlicensed Unlicensed Unlicensed Unlicensed
Licensed

SEPTEMBER/OCTOBER 2021

EVALUATIONENGINEERING.COM 23



1 1WIHELESS SYSTEMS FOR 10T

Reliable loT communication
for fringe IP devices
Industrial automation hierarchy: the
various levels of communication in an
industrial facility

The typical industrial automation
system hierarchy involves various com-
munication levels that involve different
requirements on the network (Figure
2). From the top down, this starts at the
office level, control level, fieldbus level,
down to the machine- and device-level.
The node density increases exponential-
ly toward the bottom of the hierarchy,
where high capacity, mesh networks (e.g.,
WirelessHART, ISA 100.11a, WiFi HaLow,
6LoWPAN, etc) are often necessary in or-
der to support the capacity requirements
and allow for the centralized collection
of data at the control level for potential
use cases that involve machine learning
(ML) and artificial intelligence (AI) such
as predictive analytics and sensor fusion.

Benefits of replacing modest

data rate WiFi installations

with a secure, reliable ethernet-
enabled connection

At the office and control network levels,
ethernet-based radios have high utility
for the ability to remotely configure a
device, regardless of the location of the
control/office network. Moreover, ether-
net interfaces are increasingly familiar
in the industrial setting with industrial
ethernet overtaking traditional fieldbus
technologies for industrial controls and
communications. A high throughput
connection opens doors significantly for
potential wireless applications, including
commercial applications such as digital
signage and secure retail point-of-sale
(POS) systems and more industrial ap-
plications such as surveillance, robotics,
industrial automation, and smart grid
communications.

The IP addressability of devices has
also become a significant concern for
massive machine-type communications
(mMTC) where there is a massive influx
of devices where the option of incorpo-
rating a unique identifier becomes dif-
ficult to accomplish. However, this is a
critical consideration for many industrial
automation vendors?, the ability to tag

devices with a global address enables its
remote management where devices can
be linked/delinked and data can be autho-
rized/deauthorized remotely. Ethernet-to-
RF modules enable the wireless connec-
tivity of IP devices on a network without
the wired ethernet connection. There is,
however, the major consideration of link
distance and security of the wireless
connection. The encryption available in
standard WiFi devices is often inadequate
to protect against any malicious attack.
Therefore, more flexible industrial wire-
less ethernet-based solutions with custom
coding can protect sensitive data for a
more secure and reliable connection.

Potential use cases for securely
connecting fringe IP devices

IoT applications can vary between indoor-
use cases within the plant floor with link
distances of tens of meters, to outdoor
applications connecting distant devices
at tens of kilometers—sometimes with
both indoor and outdoor devices con-
nected on the same network. These each
have with it respective link budget con-
siderations. Industrial IoT and other high
reliability applications including military,

medical, and surveillance applications
require securely connected devices with
an ensured quality of service (QoS), and
remote firmware upgrades to minimize
the costs associated with node mainte-
nance/repairs. Ethernet-to-RF modules
can provide a robust and secure, wire-
less control for a mobile robot (Figure
3). These applications are increasing in
usage for industrial applications with
autonomous guided vehicles (AGV) and

their respective vision systems utilizing
navigation algorithms (e.g., simultaneous
location and mapping (SLAM)) and vari-
ous vision technologies (e.g., LiDAR) for
movement in dynamic environments. This
can also be seen with autonomous mobile
robots (AMRs) for inventory transport,
order picking, and sortation, allowing
for cooperative human-machine interac-
tions. These types of machines require a
seamless, high throughput, low latency
connection, regardless of environmental
obstacles, in order to enable maximal con-
trol and responsiveness.

More traditional use cases for an ether-
net to RF module involve the connection of
office IP devices such as IP access control
readers, remote printers, remote PCs, VoIP
phones, point-of-sale devices, digital sig-
nage or industrial control devices. In these
cases, it is helpful when multiple clients
can be monitored/controlled via a singular,
secure access point.

A government agency or private indus-
try sectors (e.g., healthcare, energy, finan-
cial, etc) are often required to encrypt sen-
sitive data with a method that conforms
to the National Institute of Standards
and Technology) NIST standard FIPS

< Figure 3:
Mobile
robots
require a
high
integrity
wireless
connection.

140-2—a US government security stan-
dard that is leveraged to certify both the
hardware and software components of
cryptographic modules. This involves at
least one approved algorithm/security
function (e.g., 18 bit AES encryption) as
well as either tamper-evident coatings/
seals that make apparent any malicious
tampering to obtain physical access to
the plain text cryptographic keys and
critical security parameters (CSPs), or
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pick-resistant locks on covers or doors
to the enclosure.® This type of standard
for instance, applies to surveillance video,
access control, and perimeter sensor com-
munications at a secure facility. Other use
cases include digital signatures for the
banking industry or outdoor payment
systems such as a fuel center.

Prototyping a secure wireless
system for reliable communications
Constraints around the link budget be-
come increasingly important when at-
tempting to replace previous WiFi and
other medium- to high-throughput IoT
systems that were rendered ineffective
due to insufficient range or excessive
interference. As shown in Equation 1,
link budget relies on a number of critical
parameters.

Pry = (Prx+ Grx+ Grx)-(Lrx+ Lrx+ Lrs+ L)
Equation 1

In this equation, PRX/PTX is the power
received and transmitted, GTX/GRX is
the gain of the transmit/receive antennas,
LTX/LRX is the loss of the transmitter/
receiver, LFS is the free space loss, and LM
are the miscellaneous losses (e.g., fading,
multipath, foliage, wall penetration, etc).
In order to optimize the power received,
the power transmitted must be optimized
as well as the gain of both the transmit
and receive antennas. The benefit of lever-
aging the unlicensed band (e.g., 900 MHz,
2.4 GHz, 5 GHz) is the cost-effectiveness
of not requiring an FCC license to operate
or install nodes. However, there is the ad-
ditional consideration of FCC regulations
on the equivalent, isotropically radiated
power (EIRP)—the maximum amount of
power radiated from an antenna consid-
ering both antenna gain and transmitter
power. In order to maximize the link bud-
get it is important to achieve the maxi-
mum legal radiated power, this allows for
orders of magnitude greater range than
traditional WiFi devices.

Antenna gain can be maximized over
a point-to-point link between directional
antennas as the bulk of the electromag-
netic energy is positioned on the main
lobe (Figure 4). This diverges from the
traditionally leveraged omnidirectional,
whip antenna that allows for nominal

gain over 360 degrees on the horizontal
plane. Vertical beamwidths can vary be-
tween 10° and 50°. Omni-directional an-
tennas are ideal for mesh topologies with
point-to-multipoint network where nodes
are located in relatively close proximity
to each other.

Another consideration to maximize the
link budget is the free space path loss.

The lower the frequency, the lower the free
space path loss. As an example, this factor
is a major consideration for 5G millime-
ter-wave technology where the high-fre-
quency signals are unable to adequately
penetrate and diffract around obstacles
and therefore require a high density in-
stallation of small cells in order to seam-
lessly connect user equipment (UE) to the

ACCREDITED
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outputs up to 11kVdc.

High Voltage Measurement
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Directional

Omni-Directional

Panel (9-20 dBi)
Yagi (~11 dBi)

Dish antenna (~18 dBi)

-
o

A Figure 4: Directional and omni-directional
antennas

P Figure 5: Sample of web browser-based
diagnostics monitoring, link analysis, and
remote configuration.

5G core network (5GC). However, at sub-
GHz frequencies, this becomes far less of
a consideration—the signal is inherently
able to travel much further. Therefore uti-
lizing a signal in the 900 MHz ISM band
may offer much more design flexibility
than a 5 GHz radio.

Considerations when
troubleshooting a wireless

system with evaluation boards
While there are some basic hardware con-
siderations to take into account in order
to maximize the reliability of a link. It is
also important that the evaluation board
utilized can illuminate potential failure
modes and help mitigate them. Modules
with the ethernet to wireless connectivity
allows for plug-and-play capabilities with
native IP devices such as laptops, door ac-
cess control readers, and VoIP phones. On
the other hand, modules with high speed
SPI or UART interfaces will more read-
ily connect to sensors for a WSN instead
of readily connecting native IP devices.
Some development platforms come with
a custom web browser interface to man-

age remote diagnostics, monitoring, and

l.
o

Whip (0-9 dBi)

PCB antenna (2-5 dBi)

Base station omni-directional (~10 dBi)

-l

F A
[ Sector antenna (~16 dBi)

| |

} .

network as well as periodically in order
to upgrade and futureproof the native
system. Remote firmware upgrades typi-
cally require a relatively high throughput
connection, making them less viable for
battery-constrained devices such as those
in LPWAN installations. However, ether-
net-to-RF modules can accomplish this
without the need for a multi-radio plat-
form supporting multiple low and medium
throughput IoT protocols (e.g., LoRa+WiFi,
sub-GHz+BLE, etc.). For outdoor environ-
ments, additional ruggedization is often
required. This can be accomplished via
weatherproof enclosures with lightning
protection to buffer sensitive internal cir-
cuitry from power surges.

Securing your wireless loT network
There are many aspects to ensuring the
reliability of an IoT network. This includes

the security/encryption

algorithms utilized,

tamper-proof consider-
ations protecting keys,
ahigh enough datarate
to encourage remote
firmware upgrades and
more remote monitor-

Screen Captures:

ing options, as well as
ensuring the hardware

Web Browser-based
Management Tools

is optimal in charac-
teristics, location, and
environmental protec-

link analysis (Figure 5)—this is typically
acquired through a vendor with a custom-
ized GUL Features such as link analysis
can be accomplished via a built-in spec-
trum analyzer that would readily identify
interference issues while monitoring. For
some development kits compliance and
certification is critically important, espe-
cially when utilizing established protocols
such as Bluetooth or modules with cellular
connectivity. When using the unlicensed
spectrum, however, the most critical de-
sign consideration is typically conforming
to FCC EIRP regulations. Ethernet-based
nodes can both readily connect to each
other as well as the cloud for the central-
ized integration of collected data. More
often than not, firmware updates are
required after the first release of an IoT

tion. This level of rug-
gedization is not typi-
cal to most well-known IoT applications
(e.g., home automation, smart city, etc).
However, it is necessary for many private
sectors including specific industrial ap-
plications, finance, and medical use cas-
es. This includes the secure connection
of wireless IP devices in geographically
distant locations on the plant-floor or a
secure facility. [
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1 1 SOFTWARE FOR STEM STUDENTS ‘

MANUFACTURING SOFTWARE PREPARES
STUDENTS FOR SKILLED POSITIONS

By Alix Paultre, Editor

The University at Buffalo (UB) this fall, along with the

Siemens Digital Industries Software Academic Program,
will provide the university an in-kind software grant of tools
for computer-aided design, simulation, manufacturing planning,
robotics, product lifecycle management, and other application
spaces. The partnership will provide UB students from the School
of Engineering and Applied Sciences, School of Management,
and the School of Architecture and Planning in-depth, working
knowledge of the latest software tools, preparing for highly
skilled positions.

&2 Tomml / E+ /Getty Images

“We are immensely grateful to Siemens for this generous and
impactful gift to our university community,” said UB President
Satish K. Tripathi. “As we prepare our students to lead in the
21st century, our collaboration with Siemens will enhance our
students’ competitiveness and equip them with cutting-edge
knowledge and skills, enabling them to meaningfully serve in-
dustries and communities across the region, the state and the
world. The University at Buffalo is committed to contributing to
the economic development and vibrancy of our region and be-
yond, and we deeply appreciate that Siemens—as demonstrated
by this important partnership—shares in that commitment.”

“At UB, we provide outstanding educational experiences for
our students,” said A. Scott Weber, Provost and Executive Vice
President for Academic Affairs at UB. “This grant will provide
students with access to industry-leading software tools that are
used by manufacturing and industrial companies around the
world, enabling students to immediately take their knowledge
from theory to practice, furthering their skills and preparing
them for future success.”

“Siemens strongly believes that partnering across the educa-
tional ecosystem is critical to best prepare a future workforce,

and we'e excited to expand our efforts in the New York region by
making this grant to University at Buffalo that will help ensure
companies here in Buffalo and around the world have access
to a diverse and incredibly skilled talent pool,” said Barbara
Humpton, CEO of Siemens USA.

“We are seeing a true shift change across the manufacturing
sector, where companies are embracing digital tools to scale,
innovate and compete on a global stage. But, these tools are
only as powerful as the people behind them, so it continues
to be our mission to best prepare the next generation of in-
dividuals who will propel manufacturing even further into
the future,” said Del Costy, Senior Vice President of Siemens
Digital Industries Software.

Western New York companies boast a large number of
UB graduates in their workforces, like Moog, a 65-year-old
Buffalo area design, manufacturer, and integrator of precision
control components and systems, who will benefit from the
Siemens and UB venture. This grant to UB is one of more than
1,000 partnerships in the Siemens Digital Industries Software
Academic Partner Program, an initiative built to empower the
next generation of digital talent.

“As a world leader in developing motion controls for mis-
sion critical applications, Moog understands the important
role that cutting-edge engineering tools play in development
and production processes,” said George Small, Moog’s Chief
Technology Officer and a University at Buffalo graduate. “We
have 20 years of experience leveraging Siemens tools in pro-
viding solutions to our customers’ most complex technical
challenges. And as alongtime partner with UB, we appreciate
the value of Siemens’ grant and the positive impact it will have
both now and in the future.”

“We value the partnerships of forward-looking companies
like Siemens and Moog,” said Kemper Lewis, Dean and Moog
Professor of Innovation in UB’s School of Engineering and
Applied Sciences. “That companies of this caliber recognize the
benefits of collaborating with our students and faculty to drive
work force innovation is an honor and a tribute to the talented
and driven faculty and students in our UB community.”

SUNY Corning Community College has partnered with
Siemens to establish the College’s STEAM Innovation Center,
as well as implement a campus-wide effort to reduce the col-
lege’s carbon footprint, improve energy efficiency, and raise
student awareness about the importance of environmental
sustainability. [E3

For further information on Siemens Digital Industries academic partnerships
and suite of software tools, please visit www.plm.automation.siemens.com/
global/en/our-story/partners/academic/.
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Compact, Four
Axis YY'ZI' Linear
Motor Driven Stage

The Four-Axis Gantry (YY'ZZ') is
a four-axis positioning stage that
consists of two SRS-007-03-006-
01 brushless linear motor stages;
each vertically mounted to two
independently moving horizontal
linear axes. It is suitable for
applications that require multiple
independent motions on a single
travel plane. Each horizontal
linear axis uses a BLDM-D04
H2W brushless linear motor to
generate a continuous/peak
force of 16.5 Ibs. [73.6 N]/49.0
Ibs. [220 NJ. Each table has a
non-contact 1.0-micron resolution
encoder head reading a single
encoder scale allowing for precise
positioning.

Al at the Edge Set
to Deploy in Industrial
Environments

NVIDIA has unveiled its latest
Jetson module that brings Al

at the Edge for harsh industrial
environments. The Jetson AGX
Xavier industrial module allows
developers to build advanced,
Al-enabled ruggedized systems
and is built for intelligent video
analytics, optical inspection,
robotics, computer vision,
autonomy and Al. The module
features an 8-core ARM v8.2 64-
bit CPU, 512-core NVIDIA Volta
GPU with 64 Tensor cores, a pair
of NVDLA accelerators, and 32 Gb
LPDDR4x RAM. The Jetson AGX
Xavier also has 32 Gb of eMMC
storage.

Transient Voltage
Suppressor

STMicroelectronics’ ESDCANO3-
2BM3Y dual automotive-qualified
low-capacitance transient voltage
suppressor (TVS) is designed

to protect CAN and CAN-FD
interfaces. The TVS meets the
automotive industry’s need for
miniaturized and high-performing
protection devices for the
increasing numbers of high-
density ECUs, including ADAS,
autonomous driving controllers,
and automotive gateways. Using
this device, designers can save
75% or more of the PCB space
needed by typical TVS in SOT23-
3L and SOT323-3L packages.

The ESDCAN03-2BM3Y offers
transient protection with clamping
voltage as low as 33 V (8/20ps at
1A) and 37 V (transmission-line
pulse (TLP) at 16A).

Current-Gompensated
Choke for High-
Gurrent Applications

SCHURTER has added the DKIV-1
series to its range of current-
compensated chokes, for 1-phase
high-current applications on
printed circuit boards. The series
is designed for rated currents
from 10 A to 50 A and requires
only a tiny footprint on the

PCB. The chokes comply with

IEC 60938, and with a rated
voltage of 300 VAC or 450 VDC,
they are suitable for almost any
application. The DKIV-1 series

is also certified for current
ratings from 10 to 50 A, 300 VAC
according to |EC and UL and 10 to
50 A, 250 VAC according to CSA.

L
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White light
interferometer

Mahr, a global manufacturer

of precision measurement
equipment used for dimensional
metrology, introduced its MarSurf
WI, a white light interferometer,
developed in cooperation with
NanoFocus, that enables high-
resolution 3D measurement

with ease of use. The system
features evaluation technology
based on artificial intelligence
(Al), which allows high accuracy
to be achieved with increased
robustness. The system offers

a resolution of down to 0.1 nm,
making it suitable for use in the
production of semiconductor
devices or optical components, as
well as automotive, aerospace,
medical and more.

Marsurf w100

Stepper Motor Motion
Gontrol Systems

Optimal Engineering Systems’
ADAGIO-X-STPR Series of rack
mounted stand-alone stepper
motor controllers are cost-
effective solutions for controlling
and driving single- and multi-axis
stepper motor stages, including
AQ single and dual axes X and
XY series stages, the YPR Series
of three-axes yaw, pitch, and

roll stages, and the four-axes
XYZR has three XYZ linear axes
plus a vertical rotary stage. Each
19-inch rack mounted ADAGIO-X-
STPR Motion Controller includes
a power supply, and motion
controller cards for 1,2, 3, or 4
axes, and micro-stepper drivers
for single and two-phase steppers
requiring up to 7 amps per phase.

HIGHLAND TECHNOLOGY

MODEL T130
ELECTRO-OPTICAL
MODULATOR DRIVER

1130 Single-Channel
Picosecond EOM Driver

Highland Technology's T130,

a USB/RS-232 enabled pulse
generator drives LiNbO3 Mach-
Zehnder and similar electro-
optical devices. The T130 output
can swing up to 7 V relative to
baseline and is capable of driving
high Vpi EOMs at low duties
down to single shot. A built-in
edge-triggered width generator

is adjustable for delay and width,
spanning 250 picoseconds to

300 nanoseconds across three
ranges. The T130 produces fast,
low-jitter edge transitions. Output
voltage swing is adjustable from
-0.5 volts to -7 volts into 50 Ohms.
A 10:1 resistive pick-off enables
monitoring the drive signal with a
50 Ohm oscilloscope.

Ruggedized Gomputer
Designed for Mission
Critical Applications

Micromax's M-Max 400 TBT is

a high-performance ruggedized
computer for mission-critical
applications and is designed
around Intel’s ultra-low-power,
dual-core i7-6600U CPUs. The
system is built with a dual 115V
AC electrical power system

with a wide input voltage range
from 90 V AC to 264 V AC and is
resistant to high voltages, spikes,
and surges. A trio of SBCs and
an embedded 16-port switch are
encased into an ATR-type sealed
aluminum enclosure, which is
conductively cooled, and IP66
rated for protection from water
and dust.

L]
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OPTICAL SYSTEMS

VIAVI Expands Fiber Test Portfolio

VIAVI Solutions’ latest fiber test and measurement solutions
expand a portfolio for fiber optic testing. New optical power
meters, fiber characterization modules, and an enhanced
Optical Time Domain Reflectometer (OTDR) solution enable
service providers, colocation and hyperscale data centers,
enterprises and contractors to reduce costs, improve quality of
service, minimize downtime and speed time to revenue.

As networks expand and transform to meet tomorrow’s
demands, new processes, tools and solutions are needed to
address rapidly changing business and network needs. The
comprehensive VIAVI fiber portfolio continues to evolve with
a full range of essential instruments, systems and software
required to address today’s fastest growing technologies
and functional needs, providing end-to-end support for the
construction, activation, monitoring and maintenance of fiber
optic services.

VIAvI

Optical Sensor Detects Particles
as Small as 0.3ym

Farnell, an Avnet Company, increased

its range of high-quality sensor products
with the introduction of the SN-GCJAS, a
particulate matter (PM) laser sensor from Panasonic Industry
Europe. Designed in response to the increasing worldwide concern
for indoor air quality, the SN-GCJAS is well suited for air quality
monitoring, air conditioners, building automation, smart homes,
HVAC, air purifiers, Internet of Things (loT) devices, test and
measurement, and environmental monitoring applications.

The SN-GCJAS Laser Type PM Sensor features an innovative optical
assembly to provide reliable operation over a long lifetime while
accurately detecting particles as small as 0.3ym. Advanced laser-
scattering technology enables the sensor to provide a fast response
when detecting smoke, environmental dust, and other unwanted
dangerous pollutants. Measuring 37x37x12mm, the SN-GCJAS

can be easily integrated into a wide range of air quality monitoring
devices. It offers uncomplicated 12C and UART (TTL) connectivity and
challenges conventional LED-based concepts in many areas.

FARNELL

Semtech Addresses 56 Wireless Front Haul With
its Latest 50Ghps Tri-Edge GDR IC Solution

Semtech announced . -
sampling of the latest =3
member of its Tri-Edge
CDR portfolio, the GN2256.
Integrating Semtech’s Tri-
Edge CDR platform with a
differential EML (Externally
Modulated Laser) driver, the GN2256 is the industry’s first such

IC solution to enable 50Gbps PAM4 Fixed-WDM (Wavelength
Division Multiplexing), Tunable WDM and Silicon Photonics optical
modules. As with all Tri-Edge ICs, the GN2256 offers ultra-low
latency, low power and use of low cost 25Gbps bandwidth optics
to operate at 50Gbps PAMA4.

[Editor's note; we recently talked to Raza Khan, senior marketing
manager at Semtech, about the company's 5G front-haul
applications here: Integrating 5G into the Wireless Infrastructure.
www.evaluationengineering.com/21217326]

The GN2256 combines Semtech’s proprietary analog Tri-Edge
technology with enhanced laser driver compensation to enable

IEEE and Open Eye MSA compliant optical modules over industrial
temperature ranges. Semtech'’s Tri-Edge 5G platform addresses

the full range of optical modules needed for all regions by enabling
multiple types of SFP56 optical modules operating at 50Gbps PAMA4.

SEMTECH
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Transient Immunity Testers

The Avtech AVRQ series of pulse generators
is ideal for testing the common-mode transient
Unstable optocoupler immunity (CMTI) of next-generation optocouplers,

Product Safety Test Equipment

ED&D, a world leader in Product Safety Test
Equipment manufacturing, offers a full line

of equipment for meeting various UL, IEC, DUT logic output! isolated aate drivers, and other semiconductors
CSA, CE, ASTM, MIL, and other standards. Wi ! ' '
Product line covers categories s_uch as hipot, T e At | e Amplitudes to 2kV
leakage current, ground, force, impact, burn, l with <10 ns fall time. |~ ® Transition times down to 10 ns, dV/dt rate
temperature, access, ingress (IP code), cord 5 up to 120 kV/us
flex, voltage, power, plastics, and others. © Accepts many different DUT package styles

- AVTECH [
ED&D [AVTECH|* Avtech Electrosystems Ltd.
1-800-806-6236 B e oo 1-888-670-8729
www.ProductSafeT.com I www.avtechpulse.com

Need Assistance getting
through the UL Process?

Now with UL Assistance, it's possible to get
compliance design help directly from former
UL Engineers. Our engineers are ready to
assist you in the UL certification process. If
you manufacture electrical components or
equipment and need assistance navigating the
path to certification for UL or CSA standards,
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ETEGHNULUGYINSIGHTS
oG TEST

By EE Staif

5G is rapidly becoming a critical

backbone element of the Cloud
infrastructure and will also be key
to expansion into new application
spaces. Proper testing of 5G systems
ensures optimum performance un-
der real-world conditions and
operation.

5G RF Regulatory Test System
Anritsu released a RF Regulatory Test
System ME7803NR solution for regula-
tory compliance testing of 5G commu-
nications systems. The RF Regulatory
Test System ME7803NR uses the Radio
Communication Test Station MTS8000A
as a simulated 5G NR base station in
combination with a spectrum analyzer
and signal generator to implement ARIB/
ETSI/FCC-compliant FR1 RF tests.

In addition, the measurement effi-
ciency and quality of 5G terminals are
ensured by the easy-to-operate GUI and
built-in calibration function for improved
reliability. It is a platform that can per-
form spurious tests and interference
tests, which are difficult for customers
to build their own test environments for.

The ME7803NR makes it easy to evalu-
ate whether the RF performance of 5G
terminals meets regulatory requirements
as well as simplifies evaluation of whether
radio-waves are being used efficiently
or not, helping 5G market penetration.
Anritsu expects its ME7803NR to play an
important role in deploying commercial
5G mobile network services by facilitating
the spread of 5G terminals.

Verifying Antenna-in-Package
Design Performance

The mmWave spectrum is being used
to deploy 5G services requiring wider

bandwidths to support the high data
transfer volume required while also ex-
hibiting low latencies. With the goal of
accurately verifying mmWave designs
for 5G new radio (NR) and satellite ap-
plications, TMYTEK, a Taiwan-based
mmWave startup, has selected Keysight's

development tools to verify antenna-in-
package (AiP) designs used in 5G and
satellite systems.

Keysight's Open RAN Studio validates a
radio unit (O-RU), using its software and
hardware to construct, play, capture, and
measure O-RAN traffic. Open RAN Studio
can leverage Keysight's signal-generation
and analysis platforms, PathWave Signal
Generation (Signal Studio), and Vector
Signal Analysis (89600 VSA) software.
This enables TMYTEK to access cross-
domain and multichannel O-RAN pro-
tocol measurements for both downlink
(DL) and uplink (UL).

Keysight’s VXG Microwave Signal
Generator offers high output power and
ultra-low phase noise, and their UXA
Signal Analyzer supports wide analysis
bandwidth and dynamic range, criti-
cal to both mmWave 5G and satellite
applications.

Vector Signal Generator Empowers
Midrange 5G, Wi-Fi 6E, and

Other Advanced RF Test

At the time of its release, Rohde &
Schwarz’ SMM100A was presented as
the only vector signal generator with
mmWave testing capabilities in its class.
The instrument meets the rigorous ex-
pectations for generating digital signals

for the most advanced wireless

communication devices entering

production, as well as for developing

future products and technologies.

Manufacturers of state-of-the-art

5G devices wishing to test the whole
frequency range possible, expect to do
so with a single signal generator for both
5G NR FR1 and FR2 frequencies.

The R&S SMM100A vector signal gen-
erator displays RF characteristics across
the entire frequency range, from 100 kHz
to 44 GHz. It covers all the bands used
by any wireless standards, including LTE
and 5G NR, as well as the latest WLAN
standards Wi-Fi 6 and Wi-Fi 6E (up to
7125 GHz). Wireless personal area net-
works, such as Bluetooth, are covered
also. The instrument’s maximum RF

modulation bandwidth of 1 GHz meets
requirements to generate the broadband
signals used by devices making full use of
the most demanding wireless standard
specifications, including IEEE 802.15.4z
Ultra-Wideband (HRP-UWB).

The R&S SMM100A offers a maximum
output power of +18 dBm, which reduces
the need for external amplifiers. Excellent
modulation frequency response, error
vector magnitude (EVM) and adjacent
channel power ratio (ACPR) performance
result in signal quality for reliable, repeat-
able test accuracy. The R&S SMMI100A
comes with six maximum-frequency
options from 6 GHz to 44 GHz, and four
modulation bandwidth options from 120
MHz to 1 GHz to meet all major device
band requirements. Users can upgrade
their instrument’s capabilities according
to their need anytime by simply entering
akey code. [#3
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Leader in Customer Value
VECTOR NETWORK ANALYZERS

Uncompromising performance regardless of application or budget.
Advanced software features on Windows or Linux OS without added
_ cost or licensing fees.
VALUE = Timely support from automation and applications engineers who
function as part of your team to help design and perform measurements.
Comprehensive VNA solution from Copper Mountain Technologies.

Sign up for a free instrument trial today and experience value firsthand.

CobaltFx Frequency Extension System

Modular frequency extension with CobaltFx up to 110 GHz or
third-party extenders up to 330 GHz. Configure your test system
in the bands you need for a cost-effective mmWave solution.

Learn about the scalable CobaltFx solution with the QR code.

www.coppermountaintech.com P
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PXl-based Battery Management
System Test

® Modular switch & simulation modules
for a fully flexible BMS test system

® |ndustry-standard open architecture

e Seamlessly add any PXI vendor’s
instrumentation & communication modules
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