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Dear readers,
Our combined July/August edition of eeNews Europe will keep you up to date 
with the latest moves in the ever buoyant electronics industry, including new con-
sortiums forming and initiatives pushing for more innovation. 

Robotics, which used to be confined to industrial applications, is now taking its 
hold onto the world, expanding steadily its footprint to the medical, healthcare 
and consumer domains. Sensors and signal conditioning are intimately tied to 
a robot’s sense of its surroundings. One could even argue that robots ought to 
experience pain too, as a self-preservation mechanism already implemented 
by researchers in a prosthetic limb.
Other features you’ll find covered in this summer edition include Prototyping & 
Development Tools to start new projects, and necessary Enclosures & Circuit 
Protection solutions to keep your hardware in good working order. 
Enjoy this edition of eeNews Europe and don’t hesitate to get in touch to tell 
us your stories, from starting up a company to developing your first proto-
types, achieving your first product design-in, sharing your insight on this 
fast-paced industry or to contribute your expertise on some of the topics 
we’ll be covering along the year.
Wishing you all an excellent summer

Julien Happich
Editor in Chief
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IoT Security Suite
Making the Complex Simple

The IoT Security Suite for the SAMA5D2 MPU enables rapid and easy use of its advanced 
security features, such as ARM® TrustZone® technology and hardware cryptography, 
without a long learning curve. The suite covers the security requirements for IoT 
device manufacturers in a single, easy-to-use package. It supports storing, encrypting, 
decrypting and exchanging keys between devices and applications, and its easy-to-use 
APIs save you time.

Features
 Trusted Boot – Root of Trust (RoT) verified startup

 Firmware Protection – Encryption and execution of authenticated firmware

 Trusted Device ID – Unique device certificate tied to the RoT

 Secure Storage – Secure storage of keys, certificates and data

 Secure Communications – Authenticated device pairing and IoT cloud communications 

 Secure Firmware Update – Securely upgrade firmware remotely

Download the IoT Security Suite Evaluation Kit (free) to get started.

SAMA5D2 Xplained Ultra 
Evaluation Board 
(ATSAMA5D2-XULT)

The Microchip name and logo and the Microchip logo are registered trademarks of Microchip Technology Incorporated in the U.S.A. and other countries. ARM and Cortex are registered trademarks of ARM Limited (or its subsidiaries) 
in the EU and other countries. All other trademarks are the property of their registered owners. © 2018 Microchip Technology Inc. All rights reserved. DS60001511A. MEC2201Eng01/18

www.microchip.com/SAMA5D2

ROBOTICSUNCOMMON MARKET

Total to design robots for autonomous 
industrial site inspections
By Julien Happich

Following the completion of the 
ARGOS Challenge it launched 
back in 2013 in partnership 

with the French national research 
agency (ANR), gas and oil extraction 
group Total is nearing its goal to have 
autonomous robots perform routine 
inspection tasks at its extraction sites 
and refineries.

Ultimately, the company wants such 
rugged autonomous robots to go ev-
erywhere operators can and carry out 
inspections, read and record measure-
ments, but also in area where human 
operators would be at risk, reducing 
their exposure to potentially danger-
ous situations. By automating routine 
inspection tasks the robots would help 
the company streamline the operation 
of its onshore and offshore facilities, 
optimising their efficiency while cutting 
costs.

Here, ARGOS stands for Autono-
mous Robot for Gas & Oil Sites. In 
2014, Total selected five teams out of 
30 projects submissions from 15 dif-
ferent countries, and assigned to each 
one of them a global budget of up to 
€600,000 to conduct their research 
and development work within a three-year period. 

Then from June 2015 to March 2017, the five teams from 
Austria and Germany (ARGONAUTS), Spain and Portugal (FOX-
IRIS), France (VIKINGS), Japan (AIR-K) and Switzerland (LIO) 
were able to test their prototypes in Lacq (South West France) 
on a competition site representative of Total’s facilities and 
operating conditions.

Among the specifications set by Total, the winning robot had 
to be able to navigate (move over unknown obstacles, climb 
stairs, detect operators) and perform inspections autonomously 
in a potentially explosive atmosphere (ATEX standard) to deliver 
reliable information and analyses. 

The robots were also tested for critical case 
scenarios such as malfunctions, emergency 
shut-downs, low-battery, but also for their capa-

bility to operate in difficult situation (loss 
of WiFi connection), detect anomalies at 
inspection points or monitor their environ-
ment through sound analysis (including 
sound-based predictive maintenance for 
operating pumps).

The last competition held in May 2017 
saw the ARGONAUTS team win with a 
prototype robot able to take measure-
ments through vision-based and sound-
based sensors while capable of navigating 
autonomously over the steps and stairs of 
a multiple stories plant. 

After they won the ARGOS challenge, 
the ARGONAUTS team made up of 
Austrian start-up Taurob Gmbh (for the 
hardware) and researchers from Darmstadt 
University of Technology (for the autono-
mous robotics software and system opti-
mization) were offered to partner with Total 

to turn their prototype into an industrial-grade robot. Early 2018, 
Total signed a development contract with Taurob for an indus-
trial grade robot to be run in the United Kingdom on the West 
Shetland site and later on an offshore UK platform. That means 
preparing the ground with onsite connectivity (4G), creating 
3D models of the different sites, setting an onshore operations 
room and training Total’s operators.

Total anticipates it will be able to kick-off of the industrial 
pilot in Shetland, then on the offshore platform by late 2019.

Next on its roadmap, Total aims to involve other Oil & Gas 
operators, seeking their collaboration through a Joint Industry 

Project to add more ad-
vanced handling capacities 
to the robots. By 2022, the 
group hopes to be able to 
deliver an industrial-scale ro-
botics solution not only suit-
able for oil and gas sites but 
also for all forms of industrial 
facilities worldwide.

Total doesn’t intend to 
keep this technology for its 
own use only. Taurob and 
and Darmstadt University 
will be free to commercialize 
the robot without restriction 
too, we were told.

The ARGONAUTS under test on a competition 
site in Lacq (South West France).

The five robot prototypes that competed in the 
ARGOS challenge. Technical specifications of the ARGONAUTS. 
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Benefit from up to 3 days of learning on new technologies that can realise your designs for future 
products. Be one of the first of our 38,000 clients in Europe to take advantage of this technical seminar.

Innovative design engineers are requested to join us to discover how to:
 Reduce your time to market
 Address new market opportunities
 Lower your design cost
 Manage your development risk

By selecting from 76+ classes covering all of our innovative technologies
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 Motor Control
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 Bluetooth®
 Wi-Fi®

 Analog & Mixed Signal
 Audio
 Power Supply & Power Conversion
 Design Techniques

... And more!
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Training from the Manufacturer 
Microchip’s European MASTERs 2018
11th - 13th September 2018, HTW - Berlin, Germany

Event Pricing
 Early Bird Special: EUR 441 (exc VAT)     
  - valid until 15th June 2018
 Regular Price: EUR 490 (exc VAT) 

Discounts available for:
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 Microchip Academic Partners

The Microchip name and logo is a registered trademark of Microchip Technology Incorporated in the U.S.A. and other countries. All other trademarks mentioned herein are the property of their respective companies.
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Chinese researchers unveil security flaws in BMW vehicles
By Christoph Hammerschmidt

The Tencent Keen Security Lab has taken a closer look to 
the electronic guts of several BMW models. They found 
more than a dozen security holes, reports German tech 

magazine Golem. Some of the problems persist.
The security gaps were found in the infotainment system 

with the main unit, the telematics control unit (TCU) and the 
central gateway module, which connects the main buses and 
the individual control units (ECU). Among other things, the 
experts of the Tencent Keen Security Lab succeeded in sending 
commands to the internal CAN bus via a hacked mobile phone 
access.

According to the security experts, it was possible to get un-
authorized access to the vehicle systems via physical interfaces 
such as a USB socket or the OBD II plug as well as via Blue-
tooth or cellphone. To give BMW the opportunity to remedy the 
situation, the technical details of the gaps will not be published 
until next year.

While some of these problems can be fixed by remote soft-
ware updates over the air, others require a visit to the workshop. 
According to the study, the gaps are found in numerous BMW 
models, including the i, X, 3, 5 and 7 series, and the TCU flaw 
has affected all models that have had this device since 2012.

Modern vehicles have an increasing number of interfaces to 
the outside world that can be theoretically used to infiltrate ma-
licious code – through multiple mechanisms ranging from text 
messages and e-mails to connected third-party accessories 
and even to V2X applications. According to the Keen Security 
Lab study, it is possible (albeit at great effort) to find and exploit 
security flaws. For instance, the security experts found that the 
internal USB interface is configured to search updates on a 
USB stick once it is plugged into the system. The problem: Not 
all updates require to be certified by BMW. Thus, hackers can 
acquire root rights in the Intel system in the main unit (furnished, 
by the way, by Harman).

Access to the main unit is also possible via the E-Net, an 
internal Ethernet that is accessible via the OBD-II diagnostic 
interface of the car. The main unit and the central gateway also 
communicate with each other via this connection. By reverse 
engineering, it was possible to circumvent the code signing 

mechanism and obtain root access to the main unit. Through 
this entry point, the security researchers were able to identify 
flaws in the Bluetooth system that connects smartphones with 
the vehicle’s infotainment system. It was possible to generate 
a memory error via manipulated messages to the stack. This at 
least made it possible to crash the stack during pairing without 
a PIN code, so that the main unit had to reboot. Again, after 
tough reverse engineering, the researchers were able to exploit 
a memory error to circumvent the HTTPS encryption system. 
Which, in turn theoretically enabled them to send random 
diagnosis messages to access control of ECUs connected to 
the CAN busses. This could cause serious safety issues such as 
resetting ECUs during a ride.

According to the article, BMW acknowledged the security 
flaws; some of them have already been fixed through OTA up-
dates. In other cases, the bug fixes are under development and 
will be offered to the car owners as soon as they are available.

BMW to ship world’s first production cars with wireless charging
By Christoph Hammerschmidt

As a world’s first, carmaker BMW has announced the 
availability of an integrated solution for inductive charg-
ing of a plug-in hybrid model. Pro-

duction of the first vehicles starts in July.
The hardware for wireless charging 

consists of an inductive charging station 
(GroundPad), which can be installed both in 
a garage and outdoors, and a vehicle com-
ponent (CarPad) mounted on the vehicle 
underbody. The contactless transmission 
of energy between the GroundPad and 
CarPad takes place over a distance of eight 
centimetres. The GroundPad generates a 
magnetic field. A current is induced in the 
CarPad which charges the high-voltage bat-

tery. The ground pad is continuously monitored for foreign ob-
jects; as soon as such a foreign object is detected, the system 

switches off the charging process.
The system has a charging capacity of 

3.2 kW. This means that the high-voltage 
batteries in the BMW 530e iPerformance 
can be fully charged in around three and a 
half hours. At around 85%, the efficiency 
of the overall system is already close to 
the level for charging with cables, where 
around 92% is currently achieved. When 
the parking position is reached, the charg-
ing process is automatically initiated as 
soon as the driver has switched off the 
engine. 
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Infineon leads research project for car IT security
By Christoph Hammerschmidt

The more cars depend on the reliable function of electron-
ics, the more important gets the protection against cyber-
attacks. Therefore, an alliance of OEMs, research institu-

tions and commercial enterprises is going to develop measures 
to make vehicles cyber-proof.

In a world, where cars are increas-
ingly getting targeted of cyber hackers, IT 
security experts already say things such 
as “There are only two types of vehicles: 
those that have already been hacked 
and those that are still being hacked”, or 
“Automotive electronics designers should 
embrace the idea of being hacked”. This 
perceptions frightens OEMs and car 
owners alike. The idea that a partially or completely autono-
mous driving car suddenly no longer does what it should and 
is remotely controlled by an unknown hacker is a nightmare for 
OEMs, vehicle developers and not least for customers.

This is why protection against cyber-attacks is becoming 
increasingly important. Now 15 partners from industry and sci-
ence have formed an alliance to develop new approaches to IT 
security in autonomous cars. The chip manufacturer Infineon is 
in charge of the development project “Security For Connected, 
Autonomous Cars (SecForCARs)”; among others, the vehicle 
manufacturers Audi and VW, the IT security company Escrypt 
(incidentally a Bosch subsidiary), its parent company Robert 
Bosch GmbH and various German universities and Fraunhofer 
Institutes are involved.

Vehicles already have a wide range of communication inter-
faces - all potential entry points for hackers. Increasingly auto-
mated driving functions, such as distance and lane keeping as-
sistants, are the places where they can start in the worst case. 

At the same time, the automotive industry is 
working on fully networked and automated 
models whose electronic architecture will dif-
fer significantly from that of previous vehicles. 
It has to capture and reliably process much 
more data in much less time. And it should be 
able to control all driving functions directly. 
This also increases the safety requirements.

With its focus on self-driven cars, SecFor-
CARs stands out from previous research initia-

tives on IT security in automobiles. Networked cars offer many 
potential advantages in automated driving. For example, safety 
is increased if they warn each other of road damage or black 
ice. At the same time, however, the on-board electronics must 
be protected against external attacks. To this end, the project 
partners intend to research and evaluate new mechanisms.

SecForCARs considers a wide range of questions. How can 
networked and automated vehicles be developed more safely? 
How do you test such vehicles for security vulnerabilities? How 
do car manufacturers and technology partners ensure that any 
gaps that arise subsequently are closed as quickly as possible?

SecForCars will present its results in March 2021. The Ger-
man Ministry of Education is providing a grant of 7.2 million 
euros.

Leti to drive microfluidics’ ISO standards
By Julien Happich

As a follow up of the European MicroFluidics Manufactur-
ing project which ran from 2014 to 
2017, Leti has launched the interna-

tional microfluidics association MakeFluidics 
(www.makefluidics.com), tasked with the 
definition of new ISO standards. Under Leti’s 
initiative and guidelines.

Microfluidics involves fluid-handling de-
vices with internal dimensions in the range of 
micrometers up to a few millimeters. Often 
referred to as lab-on-a-chip, these portable 
systems integrate various laboratory functions on a single 
integrated processor. They are expected to boost point-of-care 
diagnosis in fields such as health care, and immediate, onsite 
environmental analysis and monitoring.

Nicolas Verplanck, Microfluidic project manager at Leti, has 
been appointed convenor of the European CEN/TC-332/WG7 
and international ISO/TC48/WG3 (micro-process engineering) 
working groups and will write the microfluidics standards to 
speed commercialization of the emerging technology.

“Existing manufacturing processes for electronic devices 
that have been on the market for many years benefit from 
well-established standards for electronic components, and are 
easily integrated in the production process of major foundries,” 
Verplanck said. 

“In addition to beginning formal discussions on standards for 

interoperability and other key considerations, our new associa-
tion, MakeFluidics, is defining standardiza-
tion protocols, processes and guidelines 
to fast-track development and adoption of 
microfluidic systems.”

“The standards from the MF Manu-
facturing project enabled us to develop a 
rapid proof of concept of fluidic test bench 
adapted to our customers’ needs,” added 
Vincent Tempelaere, CEO of Eveon.

It is anticipated that the international 
standardization of microfluidics design and manufacturing will 
increase the maturity of both functional and fabrication process 
aspects, seeing the emergence of novel interoperable functional 
modules thanks to novel hybrid integration processes.

The goal of MakeFluidics’ consortium partners is to improve 
device availability, reliability and accessibility, cutting production 
costs while speeding up time to market for microfluidic devices.

In addition to Verplanck, the microfluidics association’s 
steering committee includes Holger Becker from microfluidic 
Chipshop (Germany), Marko Blom from Micronit (Netherlands), 
Henne van Heeren from enablingMNT (Netherlands), Lionel 
Matthys from Fluigent (France), Darwin Reyes from the National 
Institute of Standards and Technology (NIST, USA), Alexios 
Tzannis from IMT (Switzerland) and Yu Zhou from Siemens 
Healthineers (U.S.) 

https://twitter.com/eenewseurope
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Wireless charging eliminates the cable 
mazes in your homes
End-to-end solutions with key components from Infineon - MOSFETs, 
driver ICs, voltage regulators and microcontroller units with software 
Verena Lackner, Global Application Marketing for Consumer Wireless Charging, 
Infineon Technologies
Stephan Schaecher, Head of New Applications and Innovation, Infineon Technologies

The current trend of “smartening” our devices is not dying 
down; nay, we find even more new areas for automation 
and connectivity. Smart solutions are everywhere, invad-

ing our everyday life, even our homes. In our households more 
and more devices are being connected to the Internet, provid-
ing real-time data about the condition of our property, enabling 
us to set up a well-optimized system. The overall objective is 
to level up our quality of life and convenience in our homes. 
We have devices in a continuously growing number that have 
constant connection to the Internet, consuming more energy 
due to the persistent hard work of the processor in the back-
ground. For those that are battery-powered, battery charging 
is essential. However, the more machines, gadgets we have, 
the more cables we need to connect them to the grid. Or not? 
With wireless charging you can easily get rid of tangled charg-
ing cables that have become a real issue in our life in the past 
couple of years.

In this article we will provide an overview of wireless charging 
solutions. We give a special attention to the two wireless charg-
ing technologies, their most common design criteria and the 
benefits they offer compered to wired technology.

Energy efficiency, shorter charging time and higher power 
density have been on the agenda for engineers for a while and 
significant improvement has been made in recent years. The 
overall wireless charging market is growing at a rapid pace. It 
is expected to have a CAGR (compound annual growth rate) 
of more than 25 percent for receiver and transmitter during 
the period 2018-2023. The various benefits like convenience, 
integration with multiple devices, mobility and flexibility drive 
the market. Meanwhile, the technology is moving from transmit-
ters that charge single devices to transmitters that can charge 
several devices simultaneously. Current solutions rely on either 
inductive or resonant power transfer. Infineon’s array of wireless 
charging solutions range from low-power support, using very 
small coils and multi-device charging, to a flexible high-power 
offering that is backward compatible for lower-power products 
such as smartphones.

Wireless charging pays off in comfort
Smart home denotes the use of technical systems, automated 
processes and connected, remote-controlled devices in apart-
ments and houses. The main objective of the functions is to 
improve the quality of life and convenience in the home. Other 
goals are greater security and more efficient use of energy 
thanks to connected, remote-controllable devices. Therefore, 
wireless charging is not just about charging phones. As people 
mostly charge at home, there is a plenty of devices that can 

utilize wireless power transfer technology, so you can easily 
eliminate the cable jungle in your living space.  

But of course, it is about more than making your home 
beautiful. It is for your comfort and flexibility to charge any-
where and everywhere. You can charge your service robot (e.g., 
vacuum cleaner or lawn mower), laptops, desk phones, drones, 
security cameras, portable Bluetooth speakers, kitchen appli-
ances, wearables, headphones, gaming controllers, chargers 
integrated into lamps or furniture, power tools - the list is almost 
endless. Wireless charging removes the need for grid connec-
tion, thus eliminating plug compatibility issues, damaged cables 
with a risk of electric shock. As the devices can also be pow-
ered through their surface, there is no need of drilling holes into 
them, which makes them hermetically sealed enabling a higher 
level of safety.

Two main technologies: inductive and 
resonant 
Wireless charging solutions typically have three key elements; 
the transmitter, the receiver and the power supply. The adapter 
connects to the main supply and powers the transmitter, usually 
with a regulated DC voltage between 5 V and 20 V. The trans-
mitter contains a MOSFET-based inverter to convert the DC 
power into an AC waveform and create the alternating magnetic 
field. In order to provide the flexibility and functionality required, 
the inverter is controlled by a microcontroller and associated 
MOSFET driver components. There are differences in the types 
of magnetic induction technology - inductive and resonant. 

Figure 1: Wireless charging eliminates the cables in our 
homes

https://twitter.com/eenewseurope
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Qi (inductive) is currently the mainstream technology in the 
market, which is based on 110-205 kHz and communicates 
via in-band communication. Besides the standard-conform Qi 
solutions, also proprietary inductive designs, especially for watt 
classes above 15 Watts, are also available. The Wireless Power 
Consortium (WPC) supports the Qi and inductive standard for 
wireless charging and is continuously developing new specifica-
tions. 

From a technical perspective, Qi is an inductive standard that 
supports tightly coupled charging. This technology uses the 
standard single-coil inductive charge transmitter. This approach 
is the simplest and most prevalent solution, and consists of a 
single transmitter coil. It requires careful positioning of the de-
vice to be charged in relation to the transmitter coil and is only 
able to charge a single receiver device at a time. This requires 
to position the device being charged directly over the coil on the 
charger, and is limited to power a single device. 

Extending this approach to multi-coil brings a number of 
benefits. The positioning of the device needs to be much less 
precise, and smart systems can detect which coil is closest to 
the device being charged, and direct the power accordingly. 
Multi-coil inductive chargers provide more horizontal and/or 
vertical freedom in terms of device positioning. 

For resonant wireless charging, which is based on 6.78 MHz, 
the communication between transmitter and receiver takes 
place via Bluetooth low energy (AirFuel standard-conform solu-
tion) or via in-band communication (proprietary solution). 

The resonant technology allows for a “drop and go” near-
field charging experience and offers considerable user ex-
perience benefits over inductive solutions. This technology 
is suitable for devices that have high metallic content, have 
compound shapes (unlike a smartphone), or can benefit from 
multi-device charging.  

For standard-conform resonant solutions (devices with 
Bluetooth communication), engineers can utilize the specifica-
tions from the AirFuel Alliance. AirFuel has a broad technology 
platform encompassing resonant and uncoupled technologies. 
AirFuel’s uncoupled technology relies on radio frequency (RF) 
transmission to transfer power, which allows multiple devices to 
be charged at larger distances. 

Operating at 6.78 MHz, the resonant charging approach 
relies on resonance between the transmitter and receiver to 
transfer energy far more efficiently. The resonant approach is 

able to charge multiple devices from a single-coil and allows for 
a greater distance (up to 50 mm) between the transmitter and 
receiver, and also a broader field of operation, meaning that the 
charger has a larger “sweet spot” for efficiency. 

Although a very closely coupled inductive solution can 
deliver more power in a very precisely defined and controlled 
scenario, as soon as the placement alters more than a few cen-
timeters then the resonant approach gives a far more efficient 
energy transfer with spatial freedom. The technology is not af-
fected by the presence of metallic objects in the charging area. 

Innovative and cost-effective wireless 
charging designs
Achieving high efficiency, a superior user experience, and safety 
- all at the same time - requires a deep level of system knowl-
edge and expertise as well as the use of excellent components. 
The designer must understand antennas and interaction with 
surrounding structures, and how to implement precise control 
of power delivery. In the inductive, the main challenges are FOD 
(foreign object detection), stable in-band communication and 
authentication to protect the Qi ecosystem from non-certified 
and potentially dangerous solutions. FOD needs reliable com-
ponents and enhanced methods to provide a good and safe 
user experience. Quality components also play a key role in 
stable in-band communication. Resonant is all about capaci-
tances and advanced FET technology (silicon MOSFET and 
GaN eMode HEMTs). To master the efficiency challenge, high 
performance driver ICs play an important role.

Infineon helps designers to master all these challenges and 
develops dedicated reference designs, for both technologies, 
which support many of the current and next-generation wireless 
charging applications for consumer, industrial and automotive 
sectors (e.g., in-cabin smartphone charging). These reference 
designs include the hardware design, bill of materials, example 
PCB layout and all the documentation required to integrate 
wireless charging into the end products. The transmitter archi-
tecture is software-based, which can be updated as standards 
evolve or new products are introduced to the market. The 
flexible transmitter architecture supports standard or custom 
coils, either in single-coil or multi-coil applications. For selected 
applications, Infineon offers also receiver solutions, and has a 
broad variety of semiconductors for the power supply unit. With 
these new designs and supreme components, Infineon meets 
and exceeds even the most rigorous design expectations. 

The 2.5 W low-power proprietary solution is the indus-
try’s lowest cost resonant wireless charger. By using a higher 
frequency (6.78 MHz), very small coils can be employed in 
a variety of form factors, with no regard to nearby metallic 
objects. These benefits make the technology ideal for charging 
wearables, headphones, smart clothing and other connected 
IoT applications.

An inductive smartphone/handheld solution provides charg-
ing at 15 W and is adhering to existing standard requirements, 
including fast-charge smartphones with high efficiency charging 
without special thermal management. It achieves charging rates 
equivalent to wired solutions, and supports custom charging 
profiles and industry standards on the same hardware. 

Figure 2: Wireless charging solutions typically have three 
key elements: the adapter/charger, the transmitter and the 
receiver
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An 80 W inductive wireless charging solution for various de-
vices provides industry’s highest power levels with the smallest 
coils. It offers highly efficient charging up to 80 W without exotic 
thermal management. The solution is backward-compatible with 
smartphone charging standards (5 W or 15 W) and fast-charge 
devices. Typical applications are power tools, laptops, robots, 
small appliances, drones, handheld terminals, medical instru-
ments and industrial automation.

Flexible software-based architecture
Rather than rely on an application specific IC for protocol and 
power delivery, the strength of the Infineon wireless charging 
solution lies in its modular software-based architecture.  Wire-
less charging is continually evolving, as standards mature, and 
new products and applications are introduced to the market. 
The high software content of the solution allows a common 
hardware architecture to be used across several reference 
designs, with each reference design flexible enough to support 
several types of applications. In addition, future changes to the 
wireless charging standards can be supported by a software 
upgrade, which creates a future-proof product design that can 
span multiple generations.

The software is responsible for directing all major wireless 
charging functions in the system.  A fully digital demodulation 
scheme provides greater sensitivity for decoding communica-
tion in times of weak coil coupling due to misalignment, and 
also ensures the highest level of interoperability with legacy 
receivers.  Next-generation parameter measurement techniques 
ensure the highest accuracy for optimal power delivery and 
FOD.  Precise control of frequency, duty cycle and voltage pro-
vides the correct level of rectified power at the receiver. In some 
systems, two-way communication enables smart charging with 
two-way authentication. Underneath the higher-level functions, 
a real-time engine keeps track of every aspect of the transmit-
ter operation from input supply, trough efficiency, to thermal 

performance, and makes adjustments as required. Finally, a 
self-calibration step during initial transmitter power-up provides 
a predictable baseline performance ensuring each product 
meets the requirements of the application. 

Efficient and easy-to-use wireless charging for smartphones, 
wearables, medical and industrial devices is supported by 
the XMC™ microcontroller families. For automotive qualified 
solutions, such as charging your smartphone in your car, the 
AURIX™ is the perfect product to choose.  Flexible chip sets 
for high performance, including software IP for smart and safe 
wireless charging applications, are available. Working with a 
systems solution partner, Infineon provides reference designs 
for both inductive and resonant wireless charging solutions: for 
on-the-go charging - in the car, at home or in public places. 

Infineon’s wireless power controller based on the ARM® 
Cortex®-M0 core, works seamlessly with Infineon’s power 
devices in a scalable and cost-effective architecture to provide 
a complete charging solution for everything ranging from a fast-
charge smartphone, through a 20 W robot, to a 60 W drone and 
beyond. Paired with related power products, like MOSFETs and 
driver ICs, this system can provide full wireless power without 
complicated thermal management, often achieving charging 
rates equivalent to wired charging. Complete solutions support 
future changes with a software update. Enhanced power stage 
architecture improves EMI performance 10-15 dB over existing 
solutions on the market. A newly developed supplemental FOD 
system provides enhanced detection accuracy to meet critical 
manufacturer safety requirements. Infineon’s microcontrollers 
provide a powerful and cost-effective platform. 

Summary
The market for wireless charging will grow quite strong in the 
next years. Independent from the preferred technology (induc-
tive or resonant), there are several key design requirements to 
be considered.  Modern engineering designs stress how impor-
tant it is to have efficient and easy-to-use transmitter solutions. 

Engineers also have their arrow-eye on smart heat manage-
ment that keeps the surface and transmitter at a comfortable 
temperature, and avoids heating the battery of the device that 
is being charged. A small footprint is highly valued, especially 
for devices that are small in size like wearables. Fitting designs 
with a high power rating results in faster charging speed for end 
users’ convenience.

Take a look at Infineon’s supreme portfolio of wireless 
power offerings and solutions, visit www.infineon.com/
wirelesscharging.

COVER STORYNEWS & TECHNOLOGY

Figure 4: Infineon’s broad product portfolio offers solution 
for a variety of inductive and resonant wireless charging 
applications

Figure 5: XMC™ microcontrollers provide a powerful 
and cost-effective platform ranging from a fast charge 
smartphone, through a 20 W robot, to a 60 W drone and 
beyond. 

Figure 3: The block diagram shows an example for a 15 W 
inductive wireless charging transmitter solution 
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‘Exit interview’ with Carlo Bozotti  
of STMicroelectronics
By Peter Clarke

Carlo Bozotti retired as president and chief executive of-
ficer of STMicroelectronics NV at the end of May 2018 
after 41 years and 4 months at the company.

Bozotti was CEO of ST for the last 13 of those years and 
oversaw the creation of ST-Ericsson, the 50:50 joint venture 
between STMicroelectronics and Ericsson focusing on semi-
conductors and platforms for mobile applications. Although this 
venture was unsuccessful Bozotti then drove the turnaround of 
the company with a shift towards more stable, longer-term mar-
kets such as automotive and industrial electronics and revenues 
growing 20 percent in 2017.
Peter Clarke met Bozotti shortly after his retirement from ST 
to look back at a long career and ask “What next for Carlo 
Bozotti?”
eeNews: Where were you born and educated?
Carlo Bozotti: Close to Milan in a place called Noviglio in 1952. 
I went to elementary school there and at age 11 I had to take a 
bus to Pavia to go to junior high school, then to liceo scientifico. 
I also went to university there. 
Liceo scientifico is a form of spe-
cialised secondary school in Italy.
eeNews: What drew you to 
study science, engineering?
Carlo Bozotti: I liked physics 
and maths in high school and 
so I went on to take electronic 
engineering at university. We 
were the class of 71 and many of 
us still meet up a couple of times 
a year. The first couple of years 
were general but then the next 
three years the course was more 
specialized; quantum physics, 
semiconductor device operation, 
lasers and advanced optics and 
so on. We were already look-
ing at integrated circuits and we 
made a discrete device as part of 
the course. We even talked about 
digital electronics.
And one of the assistant profes-
sors there also worked at SGS, 
as it was then.
eeNews: Can you remember the discrete device you made?
Carlo Bozotti: Yes, it was a 5A, 400Vceo bipolar power transis-
tor. We were working on the optimization of the switching times. 
It was only a bidimensional study but very interesting. I can 
even remember the part number. It was a BU126-type device, 
which was used for power supplies in television.
eeNews: But was there anything in your childhood, in Noviglio, 
that drew you to engineering rather than physics or to electron-
ics rather than another type of engineering.
Carlo Bozotti: Not really, music was my thing. I started learning 
piano as a child but stopped when I went to junior high school. 
But I picked it up again at 15 and was in a band until the sec-
ond year of university, playing keyboards. We used to support 

some big acts and played in front of as many as 2,000 people; 
Saturday nights, Sunday nights. Sometimes we would open for 
the main band and then close the evening at midnight and have 
two hours’ drive to get back to Noviglio.
eeNews: What was the line-up and what sort of music did you 
play?
Carlo Bozotti: Two guitars, keyboards, bass and drums. We 
were called Le Immagini, which translates as The Images. We 
played two types of music. One was international pop music. 
I liked Brian Auger, a Hammond organist with a jazz influence; 
Santana, Deep Purple, Emerson Lake and Palmer, Genesis. 
And then we played Italian music, still contemporary but slightly 
different.
I can play Jazz piano a bit and it is one of the things I want to 
do more of now.

eeNews: When did you join SGS?
Carlo Bozotti: In 1977 on February 1. It was my first real job 

and I had done 41 years and 4 
months when I retired. The com-
pany found the original employ-
ment contract that I signed and 
gave it back to me when I retired. 
I worked at Castelletto on power 
semiconductors. I am a power 
guy at heart. ST still has the 
facility and I went there recently. 
Now it is focused on smartpower 
technologies.
eeNews: Can you remember 
what you did on your first day at 
work?
Carlo Bozotti: Not really, but my 
first job at SGS was measuring 
the performance of transistors 
we were producing and making 
sure they matched the require-
ments. We had a 3-inch fab there 
for production. Castelletto is 
important to me because it was 
the first phase of my career; my 
first trip to the United States was 
to discuss power transistors and 

my first time in an airplane was a flight down to Catania [SGS 
manufacturing site in Sicily].
Castelletto was an R&D fab for power semiconductors and 
I remember I had access to a curve tracer for measuring I-V 
characteristics and, of course, it was very different to how it is 
now. I had something that was partly an office and partly a mea-
surement lab and was employed as product and applications 
engineer for the next three years.

eeNews: How did you progress through the company? Who 
were your influencers, mentors?
Carlo Bozotti: Well then I moved to Agrate [SGS’ headquarters 
site] at the beginning of 1980 to take on technical marketing 
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for bipolar analog ICs. Prior to that SGS had essentially been a 
consumer/TV component maker and we were now looking to 
migrate and develop ICs for automotive, industrial and telecom-
munications applications. We were working with customers 
like Olivetti and Xerox. CMOS was not part of my marketing 
responsibility.
Castelletto was becoming about the move into smartpower and 
one of my influencers was Bruno Murari who was the technical 
leader on the development of BCD [manufacturing process for 
ICs that include bipolar, CMOS and DMOS power transistors] 
and also went on to help intro-
duce MEMS at the company. 
Murari was awarded the Elmer 
Sperry Award in 2017 in recogni-
tion of his engineering achieve-
ments.
I remember our first smartpower 
product was U001, four power 
MOS with digital input in one 
chip. By this time, I was already 
spending time with customers 
but Murari was inspiring with his 
innovation and ability to meet 
customers’ requirements.
And then Pasquale Pistorio 
joined the company as CEO 
in 1980 and there was a much 
faster move towards interna-
tional business. I became a divi-
sion manager with responsibility 
for automotive, industrial and 
telecom and then we merged 
with Thomson Semiconducteurs 
of France in 1987 and I had re-
sponsibility for telecommunica-
tions across SGS-Thomson with 
the R&D sites in Agrate, Castel-
letto, Grenoble and Rousset.
But I want to emphasize how 
important BCD was for us. It 
enabled us get into automotive with a voltage regulator that 
could survive 80V voltage swings, into electronic typewriters 
and Daisywheel printers and into hard disk drives with motor 
drivers. The HDD has been very important. I remember working 
with Seagate Technologies and our first design wins with them 
at the time of the IBM PC ‘junior’ home computer in 1984.
We’re still in HDDs but with much more complex ICs. Back 
then, as it is again today, it was about innovation and being dif-
ferentiated.
In 1988 I became responsible for strategic marketing – this was 
my first corporate job – and then in 1991 Pasquale asked me to 
go to the United States to drive sales and marketing and I went 
with my wife and two children. We spent three years there. 1991 
was difficult, it was immediately after the first Gulf War, but 1992 
and 1993 were good years and by 1994 we had moved from 
$300 million in annual US sales to almost $1 billion.
Yes, we enjoyed the benefit of a recovery phase but it was also 
at this time we developed partnerships with important key cus-
tomers – including Hewlett Packard – on inkjet technology.
eeNews: Were you ever tempted to leave ST and try your luck 
overseas, in the US, or anywhere else?
Carlo Bozotti: I never really tried to leave. I did have a number 
of opportunities. Texas Instruments approached me in middle of 
the 1980s. There was one very interesting offer in 1998 or 1999. 

It was for an optical communications company. It was Italian 
and optical fiber for telecommunications was a booming area. I 
then had three CEO positions offered to me in the 2000s. But I 
always felt I had many more opportunities in ST and I loved the 
work in our company.
eeNews: You were in-charge of memory at one time. Do 
you ever think SGS-Thomson…or ST should have stayed in 
memory?
Carlo Bozotti: I was in charge of memory for about six years. 
We did try to get bigger. We were already doing EPROM, EE-

PROM, NOR-flash. At the end of 
the 1990s we looked to expand 
into NAND. We tried hard to bring 
in memories but the NOR-flash 
business was not sustainable 
alone. The objective was to 
become bigger in all forms of 
memory except for computer 
memory, so that was NAND and 
low-power DRAM at the end of 
the 1990s.
In the end, we entered the Nu-
monyx joint-venture with Intel as 
a deconsolidation strategy, and 
then we sold to Micron. I believe 
this was the right move. In paral-
lel, we managed the conversion 
of our two big memory fabs that 
are now making BCD.
eeNews: Was the problem the 
capital intensity required to stay 
in memory?
Carlo Bozotti: It was partly the 
capital intensity but we did not 
have the real technical advantage 
in low-power DRAM and NAND.

eeNews: Are there any decisions 
that you made, or that the com-
pany made, that make you stop 

and think how things could have been different?
Carlo Bozotti: When I started as CEO we wanted to be an 
important player in two domains. One is in digital platforms and 
the second is supporting components such as BCD, analog, 
MEMS, sensors and power.
In microcontroller platforms – our STM32 family – we have 
done well and the ecosystem is very broad. We wanted to do 
the same in application processors for mobile and consumer. If 
there is one thing I regret it is not taking action on [to exit] set-
top box (STB) sooner. I should have acted quicker. This I would 
change.
eeNews: And what about ST-Ericsson?
Carlo Bozotti: Given the information I had at the time, I would 
redo what I did on wireless.
We had Nokia and Sony-Ericsson spending $2.7 billion per year 
with us. We had the partnership with Ericsson and its intellec-
tual property. The sudden collapse of the mobile phone industry 
in Europe was unprecedented, and it is really a pity for Europe.
eeNews: The formation of the ST-Ericsson joint venture includ-
ing wireless capabilities of NXP Semiconductors; were you 
being told to do this by your customers?
Carlo Bozotti: There was very strong coordination. There was 
encouragement to become bigger and compete globally. This I 
would repeat, but application processors for consumer STB we 

Carlo Bozotti: Jazz pianist and power guy.

https://twitter.com/eenewseurope




16   July - August 2018 www.eenewseurope.com News @eeNewsEurope

EXECUTIVE INTERVIEWNEWS & TECHNOLOGY

should have stopped earlier.
eeNews: Was the European Commission pushing for the forma-
tion of the joint-venture?
Carlo Bozotti: Not really. It was coming more from the custom-
ers.
eeNews: Were you surprised at how long it took ST to recover 
from the joint-venture?
Carlo Bozotti: Well, ST-Ericsson was founded on February 3, 
2009 and the decision to end it was taken at the end of 2012. 
After that ST had three difficult years but the company’s capital 
structure was never at risk. We also set about a massive rede-
ployment of 2,500 engineers – into microcontrollers, into sen-
sors, into digital automotive, into 
digital ASICs. So in 2016, 2017 
and 2018 we were back.
eeNews: Was there a problem 
with key account strategy in the 
sense that things are good when 
key accounts are doing well but 
when there are only a few key 
accounts and a couple hit the 
wall so does their supplier?
Carlo Bozotti: You must re-
member that with Nokia we had 
15 good years. Now we have dis-
tribution as an important part of 
our sales. We now ship a billion 
pieces of STM32 MCUs per year. 
In 2007 ST was ranked number 
12 in MCUs and in 2017 we were 
number two in MCUs worldwide 
for general purpose and secure 
applications. This makes the 
difference since MCUs are at 
the heart of a vast number of 
application for our distribution 
customers.
Now it is important to keep a 
balance.
eeNews: What is your greatest 
achievement?
Carlo Bozotti: It’s hard to say 
one thing. I am proud of contributing to SGS becoming more 
international and helping introduce smartpower products when I 
was young. Then there is my time in the US signing up Seagate, 
Western Digital and Hewlett-Packard. And then more lately what 
we have done in microcontrollers, sensors.
I believe the company is solid with 21,000 employees in Europe 
out of a total of 45,000, and it is innovative and growing. My 
dream was for ST to be a bit bigger in terms of revenue. But in 
terms of return on capital employed the target was in the range 
of 12 to 18 percent, and our actual performance is around 23 
percent.
eeNews: What do you think are the most significant technologi-
cal, commercial and political developments that have occurred 
during your career?
Carlo Bozotti: Well clearly the cost of semiconductor R&D and 
new fabs has increased dramatically. For example, there’s only 
three companies in the world that have mastered the FinFET. 
ST is not manufacturing FinFET but we are designing there. We 
have a number of important developments in 7nm. But we are 
also differentiated by the adders to technology; BCD, MEMS, 
specialized image sensors and now silicon carbide for power. 
Then, there is FDSOI with PCM [fully depleted silicon on insula-

tor with phase change memory as an embedded option].
It is important for Europe that there are companies like ST that 
can develop these technologies. They are key in the digitaliza-
tion and electrification of the automobile and of industry, where 
Europe must continue to lead.
In terms of politics, globalization has been the trend not only 
in terms of supply chain but also in terms of technology and 
innovation. Now there is innovation coming from China, and this 
is a big change.
But in Europe we need to do something. Across the European 
Union 18 percent of young people do not have a job. We need 
to find a way to reduce youth unemployment. Here, technology 

and innovation play a fundamen-
tal role.
eeNews: Some might argue 
electronics is to blame for un-
employment through automation 
and globalization.
Carlo Bozotti: It is not as simple 
as that. In Bavaria you have the 
highest level of robotization in 
the world but it is also an area 
with very low unemployment. 
We need to find differentia-
tion through competences and 
knowledge. Education is the key.
eeNews: What next for Carlo 
Bozotti?
Carlo Bozotti: I plan to work 
90 days a year. I will work for 
an investment fund supporting 
mid-sized companies and maybe 
have a couple of board participa-
tions. I am already on the board 
of BE Semiconductor Industries. 
I have declined some offers. I 
would do nothing to conflict with 
ST.
Then I want to take a step up in 
playing piano, and jazz piano in 
particular. But that takes les-
sons and practice. I would like 

to play in a group. I will spend some time on my farm, which is 
managed by one of my sons, and do more sport. I already do 
walking and hiking but there is also bike riding. And for the hills 
my bike has a Bosch engine with a BCD chip in the motor and, 
as recommended by doctors, swimming.
eeNews: If you had one piece of advice for somebody starting 
their technology career, today what would it be?
Carlo Bozotti: If that person was in high school I would encour-
age them toward STEM [science, technology, engineering and 
maths]. We need more engineers and technical activity is a 
place where Europe can lead.
If they are looking for a job, I would say take a job in technol-
ogy. I don’t think it matters whether it is in hardware or software. 
These things go together now into an application.
There is certainly a difference between working in creation 
of technology and where technology is used. While creating 
technology is exciting, career opportunities there may be more 
limited. I would encourage a new engineer to focus on the area 
where technology is used and there are great opportunities in 
Europe in the most innovative industrial and automotive ap-
plications.
eeNews: Thank you and good luck.

Carlo Bozotti: Europe must continue to lead.
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MEMS power switches to shrink  
with through glass vias packaging
By Julien Happich

In cooperation with investing partner Corning, two-year-
old power switch startup Menlo Micro announced a major 
milestone in the development of its MEMS-based Digital-

Micro-Switch (DMS) technology 
platform. The two companies 
have now demonstrated the 
integration of Through Glass Via 
(TGV) packaging technology, 
allowing the MEMS power and 
RF switches to be stacked at the 
wafer scale for increased channel 
density and size reduction. 

Taking its products to ultra-
small wafer scale packaging 
allows Menlo to shrink the 
components by more than 60 
percent compared to traditional 
wire-bond packaging technologies while also slashing produc-
tion costs. 

By eliminating wire bonds and replacing them with short, 
well-controlled metallized vias through the glass substrate, 
Menlo says it is also able to reduce package parasitics by more 
than 75 percent, which allows its MEMS switches to support 
higher frequencies.

“The initial decision we made to develop our DMS technol-
ogy as a metal-to-metal contact switch on a glass substrate 
was critical to ensure performance,” said Chris Keimel, CTO at 
Menlo Micro. 

“Our switch is extremely broadband – able to operate from 
DC to beyond 50GHz – but packaging has always been a limita-
tion. By moving to TGV we have eliminated the unnecessary 

interconnects that had been limiting performance. 
More importantly, as our partner and investor, 
Corning delivered a high-performance via in glass, 
and our hermeticity and reliability requirements are 
also achieved. This will allow us to push our prod-
uct roadmap into new markets. We are substan-
tially increasing performance and reducing overall 
size and cost to levels that will be truly transforma-
tive to many applications.”

Using proprietary materials, designs and 
wafer-level processing techniques, Menlo’s DMS 
technology has demonstrated reliability in real-
life applications (typically exceeding 10 billion 
switching operations with a roadmap to exceed 20 

billion), all while handling hundreds of volts and tens of amps of 
current. 

“We are very excited to see our relationship with Menlo 
continue to grow with the adoption of TGV technology,” said 
Corning Precision Glass Solutions Division Vice President 
David Velasquez. “Together, we have demonstrated the ability 
to make hundreds of thousands of vias in glass wafers. We’ve 
also developed a proprietary via design and process to provide 
hermetic, copper interconnects that enable high reliability and 
reduced package size. This marks a major step toward the 
mass-production readiness of TGV.”  

Menlo Micro 8” RF MEMS wafer with a wafer-
level-bonded TGV cap wafer from Corning

MIPS now part of AI startup  
Wave Computing
By Peter Clarke

Wave Computing Inc. (Campbell, Calif.) has acquired 
processor IP licensor MIPS Technologies Inc. (Santa 
Clara, Calif.) according to reports.

Wave Computing is a private company with a history in asyn-
chronous logic that dates back to 2008 but it has more recently 
opted to be a provider of deep learning systems based on sili-
con that uses a dataflow architecture to exploit data and model 
parallelism in convolutional and recurrent neural networks.

MIPS is even more venerable with a history dating back to 
1984 and a major installed base of licensees that use its 32 and 
64bit RISC processor cores. But the company ended up in the 
hands of Imagination Technologies and was sold off to Tallwood 
Ventures in 2017 as part of the sale of Imagination to Chinese 
interests.

By acquiring MIPS, Wave will gain access to a much broader 
set of customers in embedded applications and with the option 
to produce hybrid systems that combine conventional software-
programmable processing with neural network acceleration for 

energy efficiency. It is not known how much Wave Computing 
paid for MIPS but Tallwood Venture Capital (Palo Alto, Calif.) 
agreed to paid $65 million for the processor licensor in 2017. 
The deal is a fit not least in that a number of Wave Computing 
executives are former MIPS employees, including CEO Derek 
Meyer, who was previously vice president of sales and market-
ing there.

Dado Banatao, is managing partner at Tallwood Venture 
Capital, which is an investor in both MIPS and Wave Computing 
and prior to the acquisition was on the board of both.

And in March of 2018 Wave Computing announced it had 
selected a 64bit multithreaded processor core from MIP for 
inclusion in future artificial intelligence systems.

It is expected that Wave Computing will now widen its busi-
ness model to include the IP licensing that has been MIPS stock 
in trade for many years. Whether it will also license its own 
dataflow neural network technology or only make it available in 
systems, which was the previous plan, remains unclear.
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Driving GaN technology  
into automotive designs
By Nick Flaherty

The announcement of a deal with ROHM at this year’s 
PCIM exhibition put a lot of focus on US startup GaN 
System. Nick Flaherty talks to CEO Jim Witham.

The second source deal with ROHM, a leading automotive 
supplier, is a key step for the company which was founded in 
2008 by serial entrepreneurs Girvan Patterson and John Rob-
erts who retired in 2016.

“We’ve been at it for years and now the automotive custom-
ers are tackling us, not the other way around,” said Jim Witham, 
CEO. “Literally every company in the automotive space has 
GaN designs in the works right now – the weight and volume 
are really critical, to get longer range or use less batteries and 
GaN is more efficient than silicon or silicon carbide (SiC).”

Witham joined GaN Systems from Neoconix, a manufacturer 
of high density, miniature connectors after it was bought by Uni-
micron Technology. Prior to Neoconix, Witham was 
CEO of Fultec Semiconductor, where his team made 
circuit protection devices using high voltage silicon, 
silicon carbide and gallium nitride (GaN) transistors 
until it was acquired by circuit protection market 
leader Bourns. 

He points to financial backing from BMW last year 
as a clear indicator of the demand. “They have voted 
not only with their engineering to use our devices for 
an onboard charger that’s a third the size and weight 
of a traditional silicon one but they have also voted 
with their investment dollars,” he said. “Another is 
Hella, the German tier one supplier, which have an 
onboard charger that’s one fifth the size of their previ-
ous versions.”

The on-board chargers are the starting point, and 
the same engineering teams also develop the traction 
systems.  “I can’t think of any case where the engi-
neering team that do the traction and converter systems don’t 
do the charger,” he said. “The three most common applications 
are on-board chargers, dc-dc converter and traction inverter 
and that’s where most people are using the GaN devices, ab-
solutely. If you can’t charge your car it won’t run so it’s a critical 
function.

The traction designs are a little different and are currently 
dominated by silicon IGBTs and SiC MOSFETs. “Traction invert-
ers are sized for power and that situation is dominated by con-
duction losses but there’s little differentiation between Gan and 
Silicon and SiC,” he said. “But when you look at the load profile 
more of the time is spent at low load, around the city, and GaN 
dominates with the switching losses at low load so the way the 
market is bifurcating is the high voltage and for medium and low 
voltage systems they are moving to GaN.”

Another issue is the qualification of parts. Several suppli-
ers have now announced AEC qualification of GaN devices. 
“We have detailed test programmes with all the automotive 
manufacturers for AEC Q+, they have all the test results,” said 
Witham.

However GaN is an enabling technology and that needs a 
broad portfolio, from wireless chargers in consumer designs to 

highly efficient converters in data centres. “The approach that 
we take is these are the basic building blocks for any power 
system from 25W to 25kW,” he said.

“For the data centre we have power supplies from Bel Power 
that provide twice as many watts into the same space that 
frees up extra space for servers and memory in the rack, and in 
industrial designs the smaller power supplies are a third the size 
for PLCs.”

That can bring challenges for a growing company.
“The winners in this GaN business will have a full product 

line, but you do have to focus as application support becomes 
critical,” he said. “We probably have ten different semiconduc-
tor IC companies with reference designs with our chips, we 
have half a dozen micromodule makers, and a dozen module 
companies producing power modules for high power systems 

so we have a very active power partner programme as you have 
to build the system around the transistor and we need part-
ners.”

The sweet spot for GaN is 100 to 1200V and from a few 
amps to hundreds of A, and then it’s taking these basic building 
blocks and coupling them with other things, he says. However 
there’s a long path to integration and that may not be the right 
direction.

“Integration is a three step process starting from discrete and 
getting customers to buy them,” he said, “Then you integrate 
separate dies into a micromodule to get the best of breed com-
ponents and then in some cases where it makes sense from 
a cost perspective, in low power, high density applications, it 
makes sense to integrate onto a single chip. That last step only 
occurs in really low power density applications and it’s not clear 
that chargers are the right place.”

Micromodules are more cost effective, especially for the data 
centre, Witham says.

“I’m not a big fan of that approach - there are some higher 
value markets with a micromodule or DC-DC converter that will 
give the size decreases and the costs can be absorbed, and 
that’s probably in the data centre world,” he said.

https://twitter.com/eenewseurope
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Zinc flow battery startup secures funding after hiccup
By Nick Flaherty

US zinc-iron flow battery developer ViZn Energy Systems 
has raised $15m to re-start operations with a new chief 
executive.

The Montana-based company has had to lay off staff for 
the last ten weeks until the new funding was agreed, coming 
from an energy industry private equity fund and several of the 
company’s long-standing investors.  John Lowell, who has been 
serving as the Chief Operations Officer for 6 years, has also as-
sumed the role of CEO.

“This technology is just too promising and the markets are 
learning that Lithium-Ion batteries are a ‘force-fit’ for long dura-
tion, 20-year duration, 
utility scale storage,” 
said Lowell. “We are 
going to take care of our 
partners, our employees 
and will make good on 
all purchase orders for 
customers in the Ameri-
cas and Europe. We will 
finalize the field validation 
work for megawatt scale 
systems.”

The streamlining of the company will be driven largely by a 
reduction in the global commercial organization which will likely 
expand again in 2019. “As the technology is validated, we will 
invest in expanding the commercial efforts and super-charging 
existing partnerships in emerging storage markets like China, 
India and Australia,” he said.

The zinc-based flow batteries maintain their capacity over 20 
years and provide 100 percent of their state of charge, giving 
them significantly more usable output than competitive batter-
ies. They are also uniquely capable of performing both rapid, 
high-power discharges and slower, long-duration releases at 

lower power - unlike other comparable storage technologies 
which can only do one or the other. The inherently safe zinc-iron 
chemistry uses globally abundant materials and is non-flamma-
ble, non-toxic, and easily recyclable at the end of its life.

 The company was founded in 2009 as Zinc Air but has 
struggled in recent months. Stephen Bonner, who became 
Chairman of its Board of Directors on January 1, also assumed 
the role of President and interim CEO by the end of January fol-
lowing the resignation of Ron Van Dell, who joined in 2014. 

The company signed a deal in December with CMI Energy, 
a division of Belgian energy system provider Cockerill Mainte-

nance & Ingénierie (CMI), to 
supply a 400 kilowatt, 3-hour, 
zinc redox flow battery system 
that will be integrated with 2 
MWp of rooftop solar PV and 
installed at CMI’s headquar-
ters in Seraing, Belgium.

“We believe ViZn’s technol-
ogy is very interesting and has 
significant potential in energy 
storage applications because 
it is non-toxic, utilizes abun-

dant raw materials, is highly scalable, and can provide multiple 
revenue streams,” said Jean-Michel Gheeraerdts, Executive 
President at CMI Energy at the time of the deal. “With renew-
ables generation capacity rapidly growing, energy storage is 
set to expand globally. CMI Energy has conducted a thorough 
study and decided to invest in its headquarters with a 2MWp PV 
system and battery storage, which will help CMI demonstrate 
technological and economic viability in both grid-tied and off-
grid operations. CMI has created a new business unit dedicated 
to energy storage and is definitively moving forward to meet 
growing demand with a bankable solution.”

Volkswagen tests quantum computing in battery research
By Christoph Hammerschmidt

Volkswagen experts have succeeded in simulating the 
chemical structure of industry-relevant molecules on a 
quantum computer. Among other things, this is relevant 

for the development of high-performance e-vehicle batteries. 
The experts mapped molecules 
such as lithium hydrogen and 
carbon chains and are now 
tackling more complex chemi-
cal compounds. In the long 
term, they want to simulate the 
chemical structure of complete 
electric vehicle batteries on a 
quantum computer. The goal: A 
“battery made to measure”.

With newly developed 
algorithms, the vehicle manu-
facturer’s experts have created 
the basis for simulating and optimizing the chemical structure of 
high-performance e-vehicle batteries on a quantum computer. 
In the long run, such a quantum algorithm could simulate the 

chemical composition of a battery according to different objec-
tives such as weight reduction, maximum power density, ele-
ment composition, etc. and directly derive the construction plan 
for production from it. This could significantly accelerate battery 

development, which today is 
a rather time-consuming and 
resource-intensive task.

In its IT labs in San Francisco 
and Munich, Volkswagen is 
working on tapping the poten-
tial of quantum computers for 
entrepreneurially meaningful 
areas of application. This mainly 
concerns the programming of 
algorithms on quantum comput-
ers. This follows different laws 
than with conventional comput-

ers. The Volkswagen Group is cooperating on quantum com-
puting with technology partners Google and D-Wave, who are 
giving Volkswagen experts access to their systems.

https://www.facebook.com/EENews-Europe-264480083592516/


20   July - August 2018 www.eenewseurope.com News @eeNewsEurope

BATTERIESNEWS & TECHNOLOGY

New cathode to triple capacity of lithium ion batteries
By Nick Flaherty

Researchers at the University of Maryland (UMD), the US 
Department of Energy’s (DOE) Brookhaven National Lab-
oratory and the US Army Research Lab have developed 

a new cathode material that could triple the energy density of 
lithium-ion batteries.

The team modified and engineered a form of iron trifluoride 
(FeF3) which has inherently higher capacities than traditional 
cathode materials by transferring three electrons during opera-
tion rather than one, hence the tripling.

“Cathode materials are always the bottleneck for further 
improving the energy density of lithium-ion batteries,” said Xiulin 
Fan, a scientist at UMD and 
one of the lead authors of the 
paper in Nature Communica-
tions. This is why many other 
teams are looking at new mate-
rials such as manganese, sulfur 
and carbon at the cathode

Despite FeF3’s potential to 
increase cathode capacity, the 
compound has not historically 
worked well in lithium-ion batteries due to three complications 
with its conversion reaction: poor energy efficiency (hysteresis), 
a slow reaction rate, and side reactions that can cause poor 
cycling life. To overcome these challenges, the scientists added 
cobalt and oxygen atoms to FeF3 nanorods through chemical 
substitution. This allowed the scientists to manipulate the reac-
tion pathway and make it more reversible.

“When lithium ions are inserted into FeF3, the material is 
converted to iron and lithium fluoride,” said Sooyeon Hwang, a 

co-author of the paper and a scientist at Brookhaven’s Center 
for Functional Nanomaterials (CFN). “However, the reaction is 
not fully reversible. After substituting with cobalt and oxygen, 
the main framework of the cathode material is better maintained 
and the reaction becomes more reversible.”

The team conducted multiple experiments at CFN and the 
National Synchrotron Light Source II at Brookhaven to exam-
ine the nanoparticles in the cathode and saw a faster reaction 
speed for the substituted nanorods.

“TEM is a powerful tool for characterizing materials at very 
small length scales, and it is also able to investigate the reaction 

process in real time,” said 
Dong Su, a scientist at CFN 
and a co-corresponding 
author of the study. “However, 
we can only see a very limited 
area of the sample using TEM. 
We needed to rely on the syn-
chrotron techniques at NSLS-II 
to understand how the whole 
battery functions.”

“We also performed advanced computational approaches 
based on density functional theory to decipher the reaction 
mechanism at an atomic scale,” said Xiao Ji, a scientist at UMD 
and co-author of the paper. “This revealed that chemical substi-
tution shifted the reaction to a highly reversible state by reduc-
ing the particle size of iron and stabilizing the rocksalt phase.”

The team say this research strategy could be applied to other 
high energy conversion materials and other battery technolo-
gies.

Composite carbon anode triples battery capacity
By Nick Flaherty

Researchers in Germany have developed a material com-
prising tin oxide nanoparticles enriched with antimony, 
on a base layer of graphene that can triple the capacity 

of a battery cell and dramatically cut the charging time.
“An important factor is the anode material,” said Prof Dina 

Fattakhova-Rohlfing from the Institute of Energy and Climate 
Research (IEK-1) in Juelich near Co-
logne who led the research. “In principle, 
anodes based on tin dioxide can achieve 
much higher specific capacities, and 
therefore store more energy, than the 
carbon anodes currently being used. 
They have the ability to absorb more 
lithium ions. Pure tin oxide, however, 
exhibits very weak cycle stability - the 
storage capability of the batteries 
steadily decreases and they can only be 
recharged a few times. The volume of 
the anode changes with each charging and discharging cycle, 
which leads to it crumbling.”

The graphene base of the nanocomposite aids the structural 
stability and conductivity of the material. The 3nm tin oxide 
particles are grown directly on the graphene and the small size 
of the particle and its good contact with the graphene layer 

also improves its tolerance to volume changes - the lithium cell 
becomes more stable and lasts longer.

“Enriching the nanoparticles with antimony ensures the ma-
terial is extremely conductive,” said Fattakhova-Rohlfing. “This 
makes the anode much quicker, meaning that it can store one-
and-a-half times more energy (in just one minute) than would 

be possible with conventional graphite 
anodes. It can even store three times 
more energy for the usual charging time 
of one hour.”

“Such high energy densities were 
only previously achieved with low charg-
ing rates,” she said. “Faster charging 
cycles always led to a quick reduction 
in capacity.” In contrast, the antimony-
doped anodes retain 77 percent of their 
original capacity even after 1,000 cycles.

“The nanocomposite anodes can 
be produced in an easy and cost-effective way. And the ap-
plied concepts can also be used for the design of other anode 
materials for lithium-ion batteries,” said Fattakhova-Rohlfing. 
“We hope that our development will pave the way for lithium-ion 
batteries with a significantly increased energy density and very 
short charging time.”

https://twitter.com/eenewseurope
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Overlapping frequencies power devices deep in the body
By Rich Pell 

Researchers at MIT in the US have developed a new way 
to power and communicate with devices implanted deep 
within the human body.

Using wirelessly powered implantable 
devices with radio waves emitted by anten-
nas outside the body has been difficult to 
achieve, as radio waves tend to dissipate as 
they pass through the body, ending up too 
weak to supply enough power. To overcome 
this, the researchers developed a system, 
which they call “In Vivo Networking,” that 
relies on an array of antennas that emit ra-
dio waves of slightly different frequencies.

As the radio waves travel, they overlap 
and combine in different ways. At certain points, where the high 
points of the waves overlap, they can provide enough energy to 
power an implanted sensor.

Working with scientists from Brigham and Women’s Hospital 
(Boston, MA), the MIT researchers showed that their wireless 
system can power devices located 10 centimetres deep in tis-
sue, from a distance of one meter.

“Even though these tiny implantable devices have no batter-
ies, we can now communicate with them from a distance out-
side the body,” says Fadel Adib, an assistant professor in MIT’s 
Media Lab and a senior author of a paper on the research. “This 
opens up entirely new types of medical applications.”

The prototype device used in this research was about the 

size of a grain of rice, but the researchers anticipate that it could 
be made even smaller.

“We chose frequencies that are slightly different from each 
other, and in doing so, we know that at 
some point in time these are going to reach 
their highs at the same time,” says Adib. 
“When they reach their highs at the same 
time, they are able to overcome the energy 
threshold needed to power the device.”

With their system, say the researchers, 
they don’t need to know the exact location 
of the sensors in the body, as the power 
is transmitted over a large area. This also 
means that they can power multiple devices 

at once. At the same time that the sensors receive a burst of 
power, they also receive a signal telling them to relay informa-
tion back to the antenna. This signal could also be used to 
stimulate release of a drug, a burst of electricity, or a pulse of 
light.

“Having the capacity to communicate with these systems 
without the need for a battery would be a significant advance,” 
says Giovanni Traverso, an assistant professor at Brigham and 
Women’s Hospital (BWH), Harvard Medical School, a research 
affiliate at MIT’s Koch Institute for Integrative Cancer Research, 
and an author of the research paper. “These devices could be 
compatible with sensing conditions as well as aiding in the 
delivery of a drug”.

Perovskite silicon tandem solar cell claims record efficiency
By Nick Flaherty

Researchers at EPFL’s Photovoltaics Laboratory and 
the CSEM PV-centre in Switzerland have integrated 
a perovskite cell directly on top of a standard silicon-

based cell, claiming a record efficiency of 25.2% and demon-
strating a viable competitor to today’s tandem silicon versions.

Their production method would add only 
a few extra steps to the current silicon-cell 
production process, and the cost would be 
reasonable they say in a paper published in 
Nature Materials.

The efficiency of perovskite solar cells 
has grown dramatically in recent years, 
and this can complement the silicon cell 
for higher overall efficiency. The perovskite 
material converts blue and green light more 
efficiently, while silicon is better at convert-
ing red and infra-red light. “By combining the two materials, we 
can maximise the use of the solar spectrum and increase the 
amount of power generated. The calculations and work we have 
done show that a 30% efficiency should soon be possible,” say 
the study’s main authors Florent Sahli and Jérémie Werner.

Researchers at the European Solliance group have also com-
bined perovskite layers with silicon for tandem cells with higher 
efficiency. 

However, creating an effective tandem structure is not 
simple. “Silicon’s surface consists of a series of pyramids mea-
suring around 5 microns (shown above), which trap light and 

prevent it from being reflected. However, the surface texture 
makes it hard to deposit a homogeneous film of perovskite,” 
said Quentin Jeangros, who co-authored the paper.

When the perovskite is deposited in liquid form, as it usually 
is, it accumulates in the valleys between the pyramids while 

leaving the peaks uncovered, leading to 
short circuits.

The team at EPFL and CSEM avoided 
that problem by using evaporation methods 
to form an inorganic base layer that fully 
covers the pyramids. That layer is porous, 
enabling it to retain the liquid organic 
solution that is then added using thin-film 
deposition via spin-coating. The substrate is 
then heated to a relatively low temperature 
of 150°C to crystallize the film on top of the 

silicon pyramids.
“Until now, the standard approach for making a perovskite/

silicon tandem cell was to level off the pyramids of the silicon 
cell, which decreased its optical properties and therefore its 
performance, before depositing the perovskite cell on top of it. 
It also added steps to the manufacturing process,” said Sahli.

The new type of tandem cell is highly efficient and directly 
compatible with monocrystalline silicon-based technologies, 
which benefit from long-standing industrial expertise and are 
already being produced profitably.
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Electronics circuits switch functions 
as they degrade predictably
By Julien Happich

A team of South Korean researchers has 
devised a way to design transient elec-
tronic circuits, whose rate of degradation 

(dissolution in water) can be accurately con-
trolled by design, at transistor level. In effect, 
this means a fully functional circuit could be 
designed for a particular transient function, 
which would evolve sequentially to different 
functions in a timely manner, as different paths 
of the circuit get dissolved predictably.

The research in which Samsung Electronics’ 
Mechatronics R&D Center also took part yield-
ed a paper titled “Three-Dimensional Printed 
Poly(vinyl alcohol) Substrate with Controlled 
On-Demand Degradation for Transient Electron-
ics” published in the ACS Nano journal. 

Here, the researchers first fabricated 
CNT transistors on a rigid substrate, before 
transferring them via a water-assisted trans-
fer printing technique onto a water-soluble 
poly(vinylalcohol) (PVA) substrate. 

But unlike other transient electronic circuits designed on 
uniform soluble substrates, key to the time-programmability of 
these degradable circuits is the 3D design of the PVA substrate, 
engineered through 3D printing so as to exhibit different densi-
ties locally (at transistor level), with a textured construction more 
or less open to solvent penetration. 

The paper relates various transis-
tor dissolution times based on the 
underlying PVA substrate designed 
at densities of 25%, 50%, 75% and 
100%, with different thicknesses. 

“Using a 3D printer, the transience 
time and rate were tuned simply by 
modifying the structural parameters of 
the 3D-printed PVA substrate, includ-
ing its length, width, thickness, and 
density, during the 3D printing pro-
cess, which provides solution-based 
transient electronics with tailorable 
disintegration”, the authors wrote in 
the paper.

The 500μm-thick PVA substrate 
was organized in two distinct layers, 
a flat 100% dense top about 100μm 
thick receiving the transferred transis-
tors, and a 400μm thick bottom region 
whose density was altered through 
controlled printing patterns. 

For the rudimentary circuits stud-
ied, the paper reports a transience 
time increasing linearly as the density 
of the PVA substrate is increased 
from 25% to 100%, concluding that 
the degradation time of such circuits 
could be precisely controlled in order 
to program sequential circuit func-
tions as the predictable dissolution 

of various parts of the circuit would be akin to a reconfiguration 
(cutting one circuit path remaps the current flow).

In one experiment, the authors visually monitored the selec-
tivity of the 3D-printed PVA substrate’s degradation by connect-
ing four colour LEDs in parallel with Ag electrodes drawn on 
areas of various PVA densities, somehow forming different timer 

switches. Soaked in deion-
ized water, the substrate 
started do dissolve, destroy-
ing the LEDs’ interconnec-
tions sequentially, from the 
lowest substrate density to 
the highest, switching off the 
individual LEDs as the degra-
dation process went through 
in just under an hour.

The researchers envisage 
that such approach could 
be used as a toolbox for 
producing solution-based 
transient electronics effec-
tively. 

Time sequences showing the destruction of the transient CNT transistors in DI water.

A 3D-printed PVA substrate is used to transfer CNT-based transistors. Depending on 3D structure 
of the underlying substrate, density (and speed of dissolution) can be adjusted to cause the circuit 
to degrade. 

A 3D-printed PVA substrate with locally 
controlled densities enables a multistage 
circuit degradation. Here, four LEDs are 
connected in parallel, but the silver traces 
are printed on different PVA substrate 
densities whose timed dissolution will cut 
the four circuit paths sequentially.
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Living electrode generates power
By Christoph Hammerschmidt

Graphite electrodes coated with living cyanobacteria can 
produce electricity in a potential step to sustainable, 
self-regenerating energy sources.

In their search for sustainable ways to produce energy, 
researchers repeatedly use microorganisms or biomolecules 
extracted from them, such as 
certain photosynthesis proteins. 
“However, isolated molecules 
are generally not stable in the 
long term,” explains Dr. Felipe 
Conzuelo, a researcher from 
the University of Bochum. “One 
advantage of living cells is that 
they contain a “repair machine” to 
repair cell damage.” The system 
regenerates itself. However, one 
challenge when working with 
living organisms is that it is more 
difficult to get the electrons - i.e. 
ultimately the current - out of the 
cell and make them usable for a 
technical application. This is exactly what the team of research-
ers succeeded in doing.

Cyanobacteria have two systems for energy production in 
light and darkness. Light is photosynthesized using hydrogen 
and carbon dioxide to produce sugar molecules and oxygen. 
The process initiates an electron transport chain that drives the 
production of energy storage molecules such as ATP. In dark-
ness, the stored sugar molecules are broken down again in the 
so-called cell respiration using oxygen to produce energy. Here 
too, electron transport plays a decisive role.

Using their cyanobacteria-coated graphite electrode, the 
researchers were able to derive electrons from both processes, 
photosynthesis and cell respiration, and thus generate a current 

flow outside the cell - more efficiently than in earlier systems. 
They found that a small soluble molecule exits the cells and 
transports the electrons to the electrode surface. However, this 
was only sufficiently successful if the group gently pre-treated 
the cells before applying them to the electrode. For this pur-

pose, the cells were pressed 
slightly so that the cell wall was 
no longer completely intact.

Unlike previous studies, the 
scientists did not have to add any 
molecules to their system for the 
uptake or release of electrons, 
but only used the substances 
contained in the natural cells. For 
the study, a team from the Israel 
Institute of Technology in Haifa 
and the Israeli Weizmann Insti-
tute cooperated with the Center 
for Electrochemistry at the Ruhr 
University Bochum.

“As far as we know, this is the 
first time that such a mediator molecule has been found, which 
comes from the living cells themselves, whose cell wall can 
pass through and transport electrons to the outside,” said Dr. 
Fangyuan Zhao from the Centre for Electrochemistry. Exactly 
which substance is involved is still unknown. However, the 
analyses showed that it must be a relatively small, water-soluble 
molecule that can pass through cell walls and membranes.

“We believe that the cyanobacteria system has the potential 
to become a green energy source,” sums up Prof. Dr. Wolfgang 
Schuhmann, head of the Bochum Chair of Analytical Chemistry. 
“With some modifications, it should be able to produce light-
driven electricity over a long period of time - because it brings 
everything with it to regenerate itself again and again.”
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Wireless smart home system ‘sees’ through walls
By Rich Pell

Researchers at MIT (Cambridge, MA) have developed a 
wireless smart-home system that can monitor a person’s 
movements from the other side of a wall. The project, 

called “RF-Pose,” uses artificial intelligence (AI) to teach wire-
less devices to sense people’s postures and movement, even 
from the other side of a wall. Such a system, say the research-
ers, could serve as a health care system used to monitor 
diseases and help the elderly “age 
in place.”

For example, they say, RF-
Pose could be used to monitor 
diseases like Parkinson’s, multiple 
sclerosis (MS), and muscular 
dystrophy, and provide a better 
understanding of disease progres-
sion while allowing doctors to 
adjust medications accordingly. It 
could also help elderly people live 
more independently, while provid-
ing the security of monitoring for 
falls, injuries, and changes in activity patterns.

“We’ve seen that monitoring patients’ walking speed and 
ability to do basic activities on their own gives health care 
providers a window into their lives that they didn’t have before, 
which could be meaningful for a whole range of diseases,” says 
Professor Dina Katabi from MIT’s Computer Science and Artifi-
cial Intelligence Laboratory (CSAIL), who co-wrote a new paper 
about the project. “A key advantage of our approach is that 
patients do not have to wear sensors or remember to charge 
their devices.”

The system is based on wireless signals in the Wi-Fi frequen-
cies that can traverse walls and reflect off the human body. The 
researchers use a neural network to analyze such radio signals, 

and then create a dynamic stick figure that walks, stops, sits, 
and moves its limbs as the person performs those actions.

To train their neural network, the researchers used both their 
wireless device and a camera to gather thousands of images 
of people doing activities like walking, talking, sitting, opening 
doors, and waiting for elevators. They then used the images 
from the camera to extract the stick figures, which they showed 

to the neural network along with the 
corresponding radio signal, enabling 
the system to learn the association 
between the radio signal and the 
stick figures of the people in the 
scene.

The researchers also showed that, 
in addition to sensing movement, 
the wireless signals could be used to 
accurately identify somebody 83% 
of the time out of a line-up of 100 
individuals. This ability could be par-
ticularly useful for applications such 

as search-and-rescue operations, say the researchers, when it 
may be helpful to know the identity of specific people.

The researchers are currently working with doctors to explore 
RF-Pose’s applications in health care. They are also working 
to create 3D representations - rather than the 2D models used 
in the paper - that would be able to reflect even smaller micro-
movements, such as a person’s hands shaking.

For future real-world applications, the researchers plan to 
implement a “consent mechanism” in which the person who 
installs the device is cued to do a specific set of movements in 
order for it to begin to monitor the environment. Besides health 
care, say the researchers, RF-Pose could also be used for new 
classes of video games where players move around the house.

Li-Fi passes industrial test with BMW’s robotic tools
By Julien Happich

Research institute Fraunhofer HHI who pioneered the 
development of LiFi has announced the successful 
completion of the BMBF-funded OWICELLS project, 

with a final presentation at the BMW plant in Munich. The 
project’s aim was to develop more flexible 
manufacturing cells in the area of automotive 
engineering through the use of fast optical 
wireless technologies instead of relying on 
wired fieldbuses or common radio solutions. 

The presentation demonstrated a Li-Fi 
communication with a mobile robot carry-
ing out usual production processes such as 
welding, moving and testing parts in a 5x5m² 
production cell. The robust, optical wireless 
transmission is based on spatial diversity; 
in other words, data is sent and received simultaneously by 
several LEDs and several photodiodes (in effect, a Multiple-
Input Multiple-Output architecture). The system put in place can 
transmit data at more than 100 Mbit/s, with a five milliseconds 
latency. Li-Fi is based on low-cost LEDs and uses the license-
free spectrum of visible and infrared light. Optical data trans-

mission does depend on a line-of-sight connection, however, 
it cannot be jammed by radio transmitters and it is immune to 
electromagnetic interferences found in high-current industrial 
environments.

As the automobile industry seeks to build 
more flexible robotic tools to fulfil individual 
customer requirements, mobile robots ought 
to be networked with artificial intelligence in 
the cloud at low-latency.

“Li-Fi can unburden the densely occupied 
Wi-Fi spectrum and realize an uninterrupted 
mobile transmission for industrial IoT. Li-Fi 
works reliably when typical industrial work 
such as spot welding with high currents and 
flashes of light takes place,” emphasized Ger-

hard Kleinpeter, project manager at BMW. 
The three-year project was funded by the Federal Ministry of 

Education and Research (BMBF) with 1.6 million euros. Project 
partners were BMW AG, evopro and Fraunhofer HHI (coordina-
tor). OSRAM and the Munich University of Applied Sciences 
were associated partners and subcontractors, respectively.

https://twitter.com/eenewseurope


 25   www.eenewseurope.com eeNews Europe NewsJuly - August 2018

ROBOTICS

Soft 3D-printed magnetic robots 
can crawl and jump, untethered
By Julien Happich

Soft robotics, often leveraging slow to actuate material properties to create curl-
ing or moving robotic limbs, got a boost from a novel 3D-printing technique de-
veloped by MIT researchers. In a paper titled “Printing ferromagnetic domains 

for untethered fast-transforming soft materials” published in Nature, the researchers 
report how they used an elastomer composite containing ferromagnetic microparti-
cles to 3D-print specific mechanical shapes while controlling the magnetic orientation 
of the microparticles as they are printed layer by layer. 

What they describe as the “3D printing of programmed ferromagnetic domains in 
soft materials” consists in applying a magnetic field to the dispensing nozzle while 
printing, which reorients the particles along the applied field, providing a distinct mag-
netic polarity to the printed material.

Then, when a 
uniform magnetic 
field is applied to 
such a soft 3D-
printed shape with 
different magnetic 
domains distrib-
uted throughout 
its structure, the 
soft robot delivers 
non-linear mechani-
cal responses, with 
unique deformation 

capabilities depending on its design. This is a huge improvement over uniform mag-
netic material structures only capable of elongating, shrinking, or bending on a whole.

To make the most of their new 3D magnetic programming technique, the research-
ers also developed 
a finite element 
analysis physical 
model able to pre-
dict how a printed 
structure with given 
magnetic domains 
will deform under a 
magnetic field. The 
model takes into 
account the soft 
compound’s elastic-
ity, magnetic pat-
terns throughout the 
structure, and the 
external magnetic 

field as it is applied (continuously, intermittently or with changes of polarity). With this 
predictive model, engineers could design their own structures and domain patterns, 
validate them with the model, and print them to actuate various functions.

Through various 3D-printed shapes and experiments, the researchers were able 
to demonstrate reconfigurable soft electronics with an actuation speed and a power 
density orders of magnitude greater than existing 3D-printed active materials. Among 
their findings were structures with controlled auxetic behaviours, enabling a mechani-
cal metamaterial to jump upon sudden expansion of its structure. Other designs 
included a soft robot that can crawl, roll, catch fast-moving objects and wrap itself 
around a small object to transport it rolling across a distance. 

Biomedicine and implantable electronics are likely fields of applications, according 
to Xuanhe Zhao, the Noyce Career Development Professor in MIT’s Department of 
Mechanical Engineering and Department of Civil and Environmental Engineering who 
led this research.

MIT Spiderlike Grabber (hexapedal structure), without a 
magnetic field (left) and actuated with a magnetic field (right)

Computer simulations of a 3D-printed magnetic material 
structure under a magnetic field (left), and its real world 
experimental deformation (right).   
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Elastic photonics fibres 
change colour with strain
By Julien Happich

Getting their inspiration from structural 
colours found in nature, such as the 
bright metallic blue of Margaritaria nobi-

lis berries, researchers from the Massachusetts 
Institute of Technology (MIT) have emulated the 
periodic multi-layered structure of the berries’ 
skin to create equally shiny blue fibres. 

The twist here is that by radially cladding an 
elastic core with thin alternating layers of two 
transparent elastomers of sufficiently different 
refractive indexes, the researchers were able to 
not only reproduce a Bragg reflector that strong-
ly reflects visible light in a narrow spectral range, 
they figured out that by stretching the fibre, the 
natural mechanical deformation would make all 
the layers thinner, changing the Bragg reflector’s 
characteristics, hence the observable colour.

This is how by wrapping a transparent bilayer 
film of polydimethylsiloxane (PDMS, refractive 
index n ≈ 1.41) and polystyrene-polyisoprene 
triblock copolymer (PSPI, n ≈ 1.55) around a 
carbon-black coloured fibre core, they obtained 
elastic photonic fibres providing immediate and reversible visual 
feedback upon strain. 

In a paper titled “Stretchable Optomechanical Fiber Sensors 
for Pressure Determination in Compressive Medical Textiles” 
published in the Advanced Healthcare Materials journal, the 
researchers expose the different construction approaches they 

envisaged and how such a strain sensor could be used in elas-
tic bandages for compression therapy.

In their experiments, the bilayer film thickness comprised 
100nm of PDMS and 300nm of PSPI, wrapped between 30 
and 60 times around the carbon-black PDMS core. Because it 
is the nanoscale periodicity of the alternating thin transparent 
films that determines the peak reflection band in the visible light 
spectrum, the researchers were able to engineer fibres so as to 
adjust the zero strain colour. This was done by controlling the 
periodicity of the multilayer cladding during the fibre’s manufac-

ture.
The fibres were tested with repetitive strains of over 100%, 

and responded to deformation with a predictable and reversible 
colour variation. As a proof-of-concept, the fibres were stitched 
onto single-component elastic compression bandages and 
simple trials have shown that they could visually help obtain 
prescribed levels of pressure for compression therapy.

Although the colour shift 
naturally occurs from red to 
blue as the fibres are stretched 
(with a diminishing Bragg period 
towards lower wavelengths), the 
authors note that such fibres 
could be engineered to have 
multiple carefully positioned 
reflection peaks to create an 
apparent shift to red hues. 
The idea here would be to get 
a visual transition from a blue 
or green coloration to a red or 
orange hue at some prescribed 
strain, in line with the human 
perception of signal colours, 
red hues indicating dangerous 

levels of strain.
The researchers envisage such strain sensors to find their 

way into compression medical bandage but also athletic appar-
el and other smart wearables. They also hint that because the 
transparent materials used to create the photonic fibres could 
be chosen to respond to different physical or chemical stimuli 
(the Bragg reflector expanding or contracting in response to 
thermal gradients or to the presence of solvent vapours for ex-
ample), such fibres could be designed for many different sens-
ing scenarios, always providing a clear colour-coded response.

A series of optical micrographs showing the vivid, strain-dependent colour of the photonic fibre, 
coloured red in the relaxed state and shifting to orange, yellow, green, and blue as the strain 
increases and the layer period decreases. Scale bar 100μm.

A photonic fibre about 0.5mm in diameter is stitched onto a stretchable bandage, 
here submitted to an optimal strain (green colour code).
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From brain optical stimulators to consumer displays: KAIST’s f-VLEDs
By Julien Happich

In a paper titled “Monolithic Flexible Vertical 
GaN Light-Emitting Diodes for a Transparent 
Wireless Brain Optical Stimulator” pub-

lished in Advanced Materials, researchers from 
the Korea Advanced Institute of Science and 
Technology (KAIST) disclose a one-step transfer 
process to take thousands of thin-film blue 
vertical micro LEDs, less than 2μm thick on a 
transparent plastic substrate. 

Compared to flexible lateral µLEDs, the flex-
ible vertical LEDs can be designed in denser 
arrays, with a comparatively simple top and 
bottom interconnect layout, the paper reports. 
Obtained through a monolithic fabrication 
technique, the ultrathin GaN LED arrays were 
demonstrated to output up to 30mW mm−2 of optical power, 
characterized with an estimated lifetime of about 12 years, with 
excellent thermal and mechanical stability up to 100 000 flexing 
cycles. The Flexible vertical microLED owe their high electrical 
power efficiency to their shorter current path and a lower inter-
nal resistance compared to those of lateral microLED, explain 
the authors. What’s more, the simple top and bottom electrode 
configuration lends itself very well to cooling through a bottom 
heat sink.

The aim of this research was to develop tiny arrays of LEDs 
flexible enough to be implanted and conform to the surface of 

the brain, for direct 
optical stimulation 
of surface neurones. In one experiment, the blue micro LED 
array was powered wirelessly through a coil, with both the f-
VLEDs and the coil flexibly integrated on a transparent biocom-
patible substrate directly affixed onto a living mouse cortex. 

The low cost f-VLEDs production technology could not 
only be applicable to neurosciences but also to high density 
microdisplays for wearables. By the end of 2018, the research-
ers hope they’ll be able to demonstrate full-colour micro LED 
displays in smart watch sizes.

Vertically standing GaAs nanowires transferred on flexible substrate
By Julien Happich

Researchers from the University College London and the 
University of Sheffield have elaborated a simple and 
reliable process for the transfer of vertically-grown GaAs 

nanowires onto flexible substrates, while maintaining their verti-
cality as well as preserving their initial high quantum efficiency.

Their paper “Light-Emitting GaAs Nanowires on a Flexible 
Substrate” published in ACS’ Nano Letters describes how ho-
mogeneous core−shell 4 to 5μm long GaAs nanowires (200nm 
in diameter) were first grown through molecular beam epitaxy 
on a Si substrate, before being secured at their base through 
the capillary impregnation (averaged via spinning) of a photore-
sist to about half their height.

Here, the photoresists operates as a temporary glue that 
makes the vertically-standing nanowires sufficiently robust to 
withstand the subsequent reactive ion etching process required 
to peel-off the nanowire layer from their growth silicon sub-
strate.

In their lab experiments, the researchers were able to transfer 
several square millimetres worth of densely-packed nanowires, 
first to an intermediate substrate before flipping the layer to its 
final host substrate. As demonstrated through photolumines-
cence measurements, the transferred layer preserved not only 
the nanowires’ orientation and alignment (making them stand-
ing perpendicular to the new substrate), but also their emissive 
properties.

The authors believe that by carefully controlling the dielec-
tric’s composition and the process parameters of the reactive 
ion etching step (including its chemistry), their transfer tech-

nique could be applied to other III−V nanowire systems such as 
InP, GaAsP, or InGaAs nanowires for the design of high-efficien-
cy solar cells, lasers and detectors on flexible substrates.

The composite “free-standing” transferable nanowire layer 
was transferred to plastic, glass, and copper substrates while 
preserving the structural and optical properties of the GaAs 
nanowires, the paper reports. 

Comparing the photoluminescence spectra of the GaAs 
nanowires: As grown (green), embedded in dielectric (blue) 
and transferred to a flexible substrate (red). 

Schematic image of a thin-film blue 
f-VLED array, wirelessly powered 

through a coil on the brain surface.

Transparent GaN f-VLED with a 10x10 
LED array.
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Wireless current sensing  
with a micropower zero-drift Op Amp
By Kris Lokere

Many current sense 
circuits follow the same 
simple recipe: develop 

a voltage drop across a sense 
resistor: amplify the voltage, read 
it with an ADC, and now you 
know the current. But if the sense 
resistor is at a voltage that is very 
different from system ground, 
things can quickly get compli-
cated. Typical solutions bridge 
the voltage difference in either 
the analog or digital domain. But 
here is a different approach – 
wireless. 

High-side current sense ampli-
fiers operate in the analog do-
main. The ICs are compact, but 
the voltage difference that they 
can withstand is limited by semiconductor processes. Devices 
rated for more than 100V are rare. And these circuits often lose 
accuracy if the sense resistor common mode voltage changes 
quickly or swings both above and below system ground.

Magnetic or optical isolators usually break the isolation bar-
rier in the digital domain. The hardware can be a bit more bulky, 
but works without loss of accuracy and can typically withstand 
thousands of volts. These circuits need an isolated power sup-
ply but that can sometimes be 
integrated in the isolator com-
ponent. If the sense resistor is 
physically separated from the 
main system, you may also need 
to run long wires or cables.

Recent low-power signal 
conditioning and wireless tech-
nologies offer a new approach. 
By allowing the entire circuit to 
float with the common mode of 
the sense resistor, and transmit-
ting the measured data wirelessly 
over the air, there are no voltage 
limitations. The sense resistor 
can be located anywhere, with-
out the need to run cables. If the circuit is very low power, then 
you don’t even need an isolated power supply and can instead 
run for many years from a small battery.

Wireless current sense
The current sense circuit in figure 1 employs on the LTC2063 
chopper-stabilized op amp to amplify the voltage drop across a 
sense resistor. The micropower SAR ADC AD7988 digitizes the 
value and reports the result via an SPI interface. The LTP5901-
IPM is the wireless module that automatically forms an IP-

based mesh network with other 
nearby nodes. It also has a built-
in microprocessor which reads 
the AD7988 ADC SPI port. The 
LTC3335 is a nanopower buck-
boost regulator which converts 
the battery voltage to a constant 
output voltage. The LTC3335 
also includes a Coulomb counter 
which reports cumulative charge 
pulled from the battery.

 
Micropower zero-drift 
Op Amp
To minimize heat dissipation in 
sense resistors, the voltage drop 
is typically limited to 10mV-
100mV. To measure this requires 
an input circuit with low offset 

errors, such as a zero-drift op amp. The LTC2063 is an ultralow 
power, chopper-stabilized op amp with a maximum supply 
current of 2µA. Because the offset voltage is less than 10µV, it 
can measure even very small voltage drops without loss of ac-
curacy. Figure 2 shows the LTC2063 configured to amplify and 
level shift the voltage across a 10mΩ sense resistor. The gain is 
selected so that +/-10mV full-scale at the sense resistor (cor-
responding to +/-1A of current) maps to a near full-scale range 

at the output, centered around 
mid-supply. This amplified signal 
is fed into a 16-bit SAR ADC. The 
AD7988 was selected for its very 
low standby current and good 
DC accuracy.  At low sample 
rates, the ADC automatically 
shuts down in between conver-
sions, resulting in average current 
consumption as low as 10µA at 
1ksps. 
The LT6656 voltage reference 
consumes less than 1µA, and bi-
ases the amplifier, the level-shift 
resistors and the ADC’s reference 
input. 

Industrial-strength wireless mesh 
SmartMesh wireless modules such as LTP5901-IPM include the 
radio transceiver, embedded microprocessor, and networking 
software. When multiple SmartMesh motes are powered up in 
the vicinity of a network manager, the motes automatically rec-
ognize each other and form a wireless mesh network. All motes 
in a network are automatically time-synchronized, which means 
that each radio is only powered on during very short, specific 
time intervals. As a result, each node can function as a source 
of sensor information, as well as a routing node to relay data 
from other nodes toward the manager. This creates a highly reli-
able, low power mesh network, where multiple paths are avail-

Fig. 2:  The current sense circuitry floats with the sense 
resistor voltage. The LTC2063 chopper op amp amplifies the 
sense voltage and biases it mid-rail for the AD7988 ADC. The 
LT6656-3 provides the precision 3V reference. 

Fig. 1:  A low-power wireless current sense circuit is formed 
by a low power chopper op amp to amplify the sense voltage, 
is digitized using a low power ADC and reference, and is 
connected to a SmartMesh IP wireless radio module. A low-
power DC/DC converter conditions the battery and keeps 
track of the charge drawn from the battery.

Kris Lokere is Strategic Applications Manager, Signal 
Conditioning Products at Analog Devices – www.analog.com 
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able from each node to the manager, even though all 
nodes, including the routing nodes, operate on very 
low power. 

The LTP5901-IPM includes an ARM Cortex-M3 
microprocessor core which runs the networking 
software. In addition, users may write application 
firmware to perform tasks specific to the user ap-
plication. In this example, the microprocessor inside 
the LTP5901-IPM reads the SPI port of the current 
measurement ADC (AD7988) and reads the I2C port 
of the Coulomb counter (LTC3335). The micropro-
cessor can also put the chopper op amp (LTC2063) 
in shutdown mode, further reducing 
its current consumption from 2µA to 
200nA. This provides additional power 
savings in use models with extremely 
long intervals between measurements. 

Nanopower Coulomb 
counter
Typical power consumption for a mote 
reporting once per second is less than 
5µA for the measurement circuit and 
can be 40µA for the wireless radio. In 
practice, power consumption depends 
on various factors, such as how often 
the signal chain takes a reading, and 
how the nodes are configured in the 
network. 

The example circuit is powered from 
two alkaline primary battery cells. The 
battery input voltage is regulated by the 
LTC3335 nanopower buck-boost con-
verter with integrated Coulomb counter. 
It can provide a regulated 3.3V output 
from an input supply between 1.8V and 
5.5V. Load current in duty-cycled wire-
less applications can vary from 1µA to 
20mA, depending on whether the radio 
is in active or sleep mode. The LTC3335 
has a quiescent current of just 680nA at 
no load, which keeps the entire circuit 
very low power when the radio and 
signal chain are in sleep mode. Still, the 
LTC3335 can output as much as 50mA, 
which provides enough power during 
radio transmit/receive and for a variety 
of signal chain circuits.

In high-reliability wireless sensor 
deployments it is not acceptable for 
batteries to ever run out. At the same 
time, replacing batteries too often in-
curs unwanted cost and downtime. The 
upshot: Accurate battery drain circuitry 
is needed. The LTC3335 has a built-in 
Coulomb counter. Whenever the regula-
tor switches, it keeps track of the total 
charge that it draws from the battery. 
This information can be read out using 
an I2C interface, and can then be used 
as a predictor of the timing for battery 
replacement.

SENSORS & SIGNAL CONDITIONING 
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Fig. 3:  A complete 
wireless current 
sense circuit is 
implemented on a 
small circuit board. 
The only physical 
connections are the 
banana jacks for 
the current to be 
measured. 

The wireless radio module is shown on the right. 
The circuit is powered from two AAA batteries 
connected on the back of the board.
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Neuromorphic e-skin 
lets robots feel pain
By Julien Happich

Mimicking the sensory distribution of biological skin with 
its mechanoreceptors (sensory receptors for mechani-
cal pressure or distortion) and nociceptors (bare nerve 

endings highly receptive to noxious stimuli), researchers from 
Johns Hopkins University have de-
vised a multi-layered electronic skin 
able to perceive not only touch but 
also pain, as a necessary self-preser-
vation mechanism.

Their idea is to enable amputees 
to receive sensory feedback from 
their prosthetic limb not only for 
grasping objects with relevant force, 
but also to enable them to feel more 
accurately the objects’ shapes and 
eventually experience their sharpness 
or pointiness through different pain 
thresholds.  

Although some could argue that 
pain sensations are not a must have, 
coming from prosthesis hardware, the 
researchers claim that adding pain 
perception to touch helps ampu-
tees learn about their environment 
while also preventing damage to the 
sensor-laden prosthetic fingertips.

Detailed in a paper titled “Prosthesis 
with neuromorphic multilayered e-dermis 
perceives touch and pain” published in 
Science Robotics, the e-skin combines 
piezoresistive-based taxels (tactile pixels) 
distributed across two different layers (with 
differentiated response levels) with a neuro-
morphic interface so the taxels’ outputs can 
be appropriately mapped as spiking input 
stimulus relayed via transcutaneous electri-
cal nerve stimulation (TENS) at the periphery 
of the amputated limb.

If the taxels themselves were fairly 
simple to implement, each capped under 
a 1mm-thick rubbery layer and calibrated 
for a range of 0 to 300kPa, much work was 
done to properly quantify the stimulation 
parameters required to deliver appropri-
ate innocuous (non-painful) and noxious 
(painful) tactile perceptions in the amputee’s 
phantom hand. 

First, the researchers used targeted TENS 
to extensively map and understand the per-
ception of a transhumeral amputee’s phan-
tom limb during sensory feedback. To gather as much data, the 
participant received more than 25 hours of sensory mapping 
as well as participating to over 150 trials of sensory stimulation 
experiments, to quantify the perceptual qualities of the stimula-
tion. This extensive mapping of the limb’s residual innervation 
allowed the researchers to identify a localized correspondence 

in activation of the amputee’s phantom hand. The authors also 
report that through repeated psychophysical experiments, 
they were able to correlate the amputee’s perception of pain-
ful tactile sensations in his phantom hand to changes in both 

stimulation frequency and pulse width. 
Uncomfortable but tolerable pain was 
perceived at relatively low frequencies 
between 10 and 20Hz, while higher 
frequency stimulation gave off a more 
pleasant tactile sensation, the paper 
reads. 

In parallel, electroencephalography 
(EEG) activity was recorded in the 
relevant somatosensory regions of the 
amputee’s brain to confirm phantom 
hand activation during stimulation. 

Rich with all this experimental data, 
the researchers then developed a neu-
romorphic representation of the tactile 
signal, with the aim to transform the 
e-dermis (electronic skin) signal from 
a pressure signal into a biologically 
relevant signal, namely, a spiking re-
sponse similar to what actual mecha-
noreceptors and nociceptors would 

provide. Fed into a transcutaneous electri-
cal nerve stimulator, the neuromorphic sig-
nal transduction conveyed the changes in 
the tactile signal as changes in stimulation 
frequency and pulse width, matching the 
perceived levels of touch or pain recorded 
during all the previous sensory feedback 
experiments.

Ultimately, this neuromorphic signal 
transduction allowed the prosthesis wearer 
to differentiate between safe (innocuous) 
and painful (noxious) tactile sensations 
when grasping rounded or spiky objects 
between an e-dermis-covered thumb and 
index finger.

Pain is of no use if you don’t react to it. 
Hence to enforce prosthesis self-preser-
vation, the scientists also modelled as a 
polysynaptic withdrawal reflex that would 
prevent damage and further pain. They note 
that although they implemented an autono-
mous pain reflex, such reflex component 
could be modulated by the user based on 
the perceived pain or even, for example us-
ing the amputee’s electromyography (EMG) 

signal as an additional input to the reflex model.
In the future, the researchers envisage an e-dermis with 

multiple types of sensors for a richer feedback (including the 
detection of temperature and possibly noxious chemicals). Such 
an electronic tactile skin could find applications in robotics too 
as a natural safeguard for sharp objects handling robots.

Tactile information from the e-dermis is transducted 
by the prosthesis controller into neuromorphic 
spiking responses used to transcutaneously 
stimulate the amputee limb’s peripheral nerves, 
providing sensory perceptions of touch and pain.

Mimicking natural skin, the biologically-
inspired e-dermis consists of a dermal 
layer of two textile-based piezoresistive 
sensing elements, below an epidermal 
layer with only one piezoresistive 
sensing element. The taxels are encased 
in silicon rubber. 
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Four basic rules for good design-in
By Daniel Lehmann

In a world where everything becomes 
smarter and more connected the 
Internet of Things is on the rise. Due 

to increased demand on mobility and 
convenience battery-driven devices hold 
an increasingly important role in this. For 
engineers the development is challenging: 
it involves knowledge about connectiv-
ity, energy harvesting and management, 
software and sensor integration. 

In order to take full advantage of the 
performance and features of environmen-
tal sensors, e.g. humidity and tempera-
ture sensors, mechanical design rules need to be considered. 
Unbeneficial housing and PCB designs may cause unexpected 
temperature and humidity deviations and could in-
crease the response time. Simply following four basic 
rules makes the integration easy and straightforward. 

From our experience, we recommend to take the 
mechanical integration of the sensors into account in 
a project as early as possible. The later the housing is 

designed, the more the 
complexity of integration 
will increase. 

Most importantly, 
the sensor has to be 
exposed to the ambient 

environment as much as possible and large openings 
in the housing should be used. This guarantees a fast 
system response and the influence of the housing can be 
minimized.

Furthermore, the sensor enclosure should be isolated 
from the other parts of the device. This will reduce offsets 
of the integrated system.

Our third advice is that the volume around the sensor, so 
called dead volume, must be minimized. This step will result in a 

decreased response time.
Last but not least the sensor should be 

placed in an area without heating sources 
like Microcontrollers and ideally thermally 
decoupled. Otherwise, the heating effect 
of other components gives an offset to the 
sensor signal. If a mechanical solution is not 
sufficient to solve the issue, Sensirion also 
offers software based compensation for that.

Daniel Lehmann is R&D Engineer at Sensirion -  
www.sensirion.com

Open the housing to expose 
the sensor.

Isolate your sensor from 
other parts.

Minimizing dead volume from 
the housing for a reactive 
sensor.

Keep heating sources away 
from your sensor.
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Measurement microphones
By David Mathew

Like all technological devices, loudspeakers, headphones, 
ear buds, MEMS speakers, sonar emitters and police si-
rens need to be measured and tested, 

both in design and in production. Further, 
products that make any noise at all (motors, 
airplanes, wind turbines, coffee makers, 
HVAC) are often measured for safety or 
environmental impact, or are continuously 
monitored, listening for signature acoustic 
signals that indicate correct performance, or 
failure.

The sensors required to accurately ac-
quire the acoustic signals for test and evalu-
ation are not the rock’n’roll mics a drummer 
has arrayed around his kit. A wide range of measurement micro-
phones from a number of manufacturers has existed for many 
years, with a special solution for every acoustic test need.

A measurement microphone is like an ordinary microphone 
in the superficial features: it is typically tubular, with a sensor at 
one end and a connector at the other, and the sensor itself is a 
lightweight diaphragm that is excited by changes in air pres-
sure, responding in a way that can produce an electrical signal. 
But at this point the two microphone types diverge: you won’t 
see a singer’s wireless mic measuring loudspeaker drivers in an 
anechoic chamber, and you won’t see a comedian using a mea-
surement microphone for the mic drop at the end of his routine.

Characteristics
Measurement microphones are optimized for superior per-
formance in one or more of these characteristics: frequency 
response, frequency range, self-noise, maximum level, and 
distortion. Further, some are designed to be robust in harsh 
environments, or to have characteristics that closely match 
in an array application. Microphone sensitivity and frequency 
response are very stable over time. A measurement microphone 
is typically shipped with a calibration table or chart document-
ing its performance. 

If you’ve been used to using sensors that are TEDS-enabled, 
you’ll be pleased to know that most modern measurement 
microphones carry identification and calibration information as 
TEDS data (Transducer Electronic Data Sheet).

Typical measurement microphones are specified as ± 2 dB 
from 5 Hz to 20 kHz, but some models have usable response as 
low as 0.07 Hz, or as high as 140 kHz. Most measurement mi-
crophones have a noise floor of about 20–40 dBA, but special-
ized 1” models can spec a noise floor as low as –2.5 dBA. For 
measurement microphones, 3% THD is considered overload. 
Typical measurement microphones might overload at 160 dB; 
specialized models will not overload until 184 dB or more.

Sensor design
A number of methods have historically been used to convert 
sound pressure to an electrical signal: Piezoelectric, using 
a crystal attached to a diaphragm; variable resistance, us-
ing packed carbon granules in a small container, attached to 
a diaphragm; dynamic, using a magnet and a coil to convert 

diaphragm movement to a current; and variable capacitance, 
where the diaphragm itself is one side of a capacitor, convert-

ing the movement of the diaphragm into a 
voltage.

As it turns out, the capacitive method 
will, in most applications, provide the most 
sensitive microphones, largely due to the 
low diaphragm mass that this method 
makes possible. A survey of measurement 
microphones over the past 50 years reveals 
wide use of capacitive microphones. In 
microphone circles, capacitive microphones 
are often called condenser microphones, 
and that is the term we will continue with 

here.
The one exception is an application where the sound levels 

are very high, such as near a blast or explosion. In this case, a 
piezoelectric measurement microphone is the correct choice.

Powering condenser microphones
A dynamic microphone can simply be connected via a shielded 
cable to an appropriate downstream amplifier and put to work. 
Condenser microphones, however, require more support:

The capacitive sensor element requires a polarizing voltage.
The impedance of the sensor element is very high; conse-

quently, the signal current is so small that it must be amplified at 
the source before it is swamped by noise. Condenser micro-
phones always have a preamplifier either built into the micro-
phone body, or connected directly to the microphone sensor 
capsule.

Prior to the introduction of solid state amplifiers, the pream-
plifier in a condenser microphone was of a vacuum tube (valve) 
design. These microphones required custom power supplies 
and multi-conductor cables that provided the capacitor polar-
izing voltage and also plate voltage and filament current for the 
tube.

Today, measurement microphone preamplifiers are solid 
state and have modest power requirements. Depending upon 
applications, some microphones are externally polarized and 
require a 200V polarizing voltage; many other designs are pre-
polarized, with an electret capacitor as the sensor element, and 
require only preamplifier power. Early electrets were not suitable 
for high-performance applications, but modern electret micro-
phones offer excellent specifications and long-term stability.

Diaphragm size
Measurement microphones are offered in four nominal dia-
phragm sizes: 1”, ½”, ¼” and 1/8” inch. Generally speaking, 
the smaller the diaphragm, the greater the self-noise, the higher 
the frequency response, and the higher the maximum level. 
Most general applications are satisfied with ½” measurement 
microphones.

Directional and sound field characteristics
Engineers with some experience in sound amplification or 
recording might be familiar with microphone directional patterns 
such as cardioid, figure of eight, shotgun and so on. These 
characteristics are accomplished by modifications to the basic 
diaphragm element, such as acoustic ports, additional dia-

David Mathew is Technical Publications Manager and a senior 
technical writer at Audio Precision - www.ap.com

A microphone for your garage band 
(top) and for precision measurements 
(bottom)
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Kionix and Rohm partners  
for wirelessly-connected sensor node
Rohm and Kionix’s RoKi Sensor node, a key component in the 
newly launched RoKi IoT Platform, uses Nordic Semiconduc-
tor’s nRF52840 Bluetooth 5/Bluetooth Low Energy (Bluetooth 
LE) advanced multiprotocol SoC, offering better throughput 
and longer range compared to the Bluetooth 4.2. The SoC 
combines a 64MHz, 32-bit Arm Cortex M4F processor with 
a 2.4GHz multiprotocol radio with 1MB Flash memory and 
256kB RAM. The chip supports all the features of Bluetooth 5 
including 4x the range or 2x the raw data bandwidth (2Mbps) 
compared with Bluetooth 4.2. The sensor node integrates 
multiple sensors from Kionix and Rohm for the measurement 
of 3D-acceleration, 3D-magnetism, 3D-rotation, atmospheric 
pressure, and temperature. Expansion connectors enable the 
addition of more sensors such as an optical heart rate sensor, 
ambient light sensor, RGB colour sensor, magnetic hall-effect 
sensor, etc. This makes it an excellent choice for prototyping 
and developing Consumer IoT (Internet of Things) applications 

ranging from wear-
ables, health and 
wellness, games 
and toys, and 
smart home de-
vices to Industrial 
IoT applications. 
The 42x67x22mm 
RoKi Sensor Node 
can be powered 
by a rechargeable 
Li-Polymer battery, 

replaceable coin cell batteries, or via Micro USB. It has a pro-
grammable RGY LED, expansion capability with extended I/O 
connectors, and 64Mb of flash memory. The senro comes with 
a mounting accessory so one can attach it to surfaces with 
screws or connect a watch band for wearing it on one’s wrist.   
Kionix
www.Kionix.com

phragms, or interference tubes.
Measurement microphones, on the other hand, are omnidi-

rectional, without modifications for directionality. Measurement 
microphones are optimized for one of three acoustic applica-
tions: measuring sound pressure, measuring incident sound 
from one direction in a free-field (anechoic) acoustic space, and 
measuring sound that may arrive from any direction (random 
incidence) in a diffuse-field acoustic space.

Effect of the measurement microphone on 
incident sound waves
The mere presence of a microphone in an acoustic space 
disrupts the sound pressure wave as it encounters the micro-
phone. The wave reflects from and diffracts around the sensor 
element to varying degrees, dependent upon the dimensions of 
the microphone and the frequency and angle of incidence of the 
sound wave. This effect is avoided in the first case below, the 
pressure microphone.

Pressure microphone
A microphone’s pressure response is flat when its presence 
does not disrupt the pressure wave. This occurs when the 
microphone is not in the sound field, but is a component of the 
barrier containing the sound field. Applications include flush 
mounting within an acoustic coupler, or flush mounting on a wall 
or barrier.

Free-field 
microphone
A free-field micro-
phone is compen-
sated to produce a 
flat response when 
used in an anecho-
ic space where the 
sound waves are 
arriving from one 
direction.

Applications in-
clude loudspeaker 
testing, microphone 
testing, evaluations 
and monitoring of 
sound-emitting 
equipment, and 
sound-level meters. 
The sound field 
must be free of 
reflections, such as 

an anechoic chamber or use out-of-doors.

Diffuse-field microphone
A diffuse-field microphone is compensated to produce a flat 
response when used in a reverberant space such as a church, 
a concert hall, a room, or an aircraft or automobile cabin. Ap-
plications include room tuning, impulse-response testing, and 
ambient industrial or environmental noise evaluation.

Microphone arrays
Some applications require a geometric array of two or more 
(sometimes many more) matched microphones to capture 
temporal, directional and phase information for mathematical 
analysis. Array microphones are typically of the free-field type, 
with careful attention paid to close phase-matching among the 
microphones. Because a large number of microphones may be 
required, array microphones are usually of a general-purpose 
(and therefore less expensive) design.

Pressure microphone (top)
Free-field microphone (middle)
Diffuse-field microphone (bottom)

TEDS data (Transducer Electronic Data Sheet).
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Not all emulators are created equal
By Lauro Rizzatti, Jean-Marie Brunet

Speed, throughput, and latency 
are the key parameters in 
determining hardware-emula-

tion performance. For a verification 
technology that wasn’t well known 
outside of the largest semiconductor 
designs until a decade ago, hard-
ware-emulation adoption has grown 
considerably over the past few years. 
Semiconductor companies from 
Silicon Valley to China are making it 
a mandatory tool in their verification 
toolboxes.

Why this sudden increase in 
hardware-emulation deployment 
within the design-verification flow?

Hardware emulators are special-
ized computing engines designed 
to perform specific tasks, including 
the functional verification of semi-
conductor designs and associated 
verification challenges. They do so 
at speeds unmet by any software-
based verification engine with no 
penalty in verification accuracy.

However, not all emulators are 
created equal. Currently, the major 
hardware-emulation suppliers deliver 
three different hardware-emulation 
technologies, architectures, and im-
plementations, making any “apples-
to-apples” comparison rather difficult 
(see figure 1).

A case in point is the parameter 
called clock frequency. A straight 
comparison may lead to a wrong conclusion if not properly 
defined as shown below. In general, hardware-emulation per-
formance is measured by speed, throughput, and latency, three 
parameters often poorly understood or not grasped at all. Let’s 
discuss them in detail.

Emulation clock versus design clock
Speed or speed of execution relates to the emulator’s clock 
frequency. While it’s true that the higher the clock frequency, the 
faster the execution, the reality is that no two emulators handle 
clocks in the same way.

Any modern system-on-chip (SoC) design includes a variety 
of clocks of different frequencies, one being the fastest design 
clock. It would be reasonable to connect the fastest design 
clock to the emulator clock. Unfortunately, this is not so.

Depending on the emulation 
technology and architecture, the 
ratio between the emulator clock 
and the design clock may be 
one-to-one, or maybe two-to-
one, or even higher. Obviously, 
if the clock ratio in emulator A 
is one-to-one, but two-to-one 
in emulator B, assuming the 
same frequency for both emula-
tion clocks, the first emulator 
processes the design at twice 
the speed of emulator B (see 
figure 2).

Emulation clock speed is 
usually reported by the emulator, 
and therefore well understood 

and easy to compare. Based on the above, it’s important to 
make sure what clocks are compared.

Design clock in presence of design 
memories
You may wonder what memories have to do with clocks. In an 
emulation system, they may do a lot.

In field-programmable gate-array (FPGA) prototyping sys-
tems, design memories are implemented with physical memo-
ries functionally equivalent to those used in the final design.

In any emulation system, memories (including their control-
lers) are implemented via soft models that map onto program-
mable resources in the emulator. 

The approach provides flexibility and support for multi-user 
and remote access that’s hard to do with physical memories. 
Modelling a memory controller with multi-port access, multi-da-
ta rates, and a complex read/write scheme may require multiple 
emulation clock cycles within one design clock cycle to execute 
the entire memory cycle.

The net consequence is a drop in the design clock frequency, 
which may be significant. Again, this issue depends on the 
implementation of memories used by the emulator system.

Jean-Marie Brunet is the senior marketing director for the 
Emulation Division at Mentor, a Siemens business -  
www.mentor.com  
Lauro Rizzatti is a verification consultant. He was formerly 
general manager of EVE-USA and its vice president of 
marketing before Synopsys’ acquisition of EVE. He can be 
reached at lauro@rizzatti.com

Fig. 1: Each emulation provider uses a different approach 
to its technology. (Source: Authors)
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Wall clock time and throughput
Raw emulator clock speed isn’t indicative of how long it takes 
to download the design onto the emulator, run tests, collect de-
bugging data, understand the problem and get an answer to the 
problem from the beginning to the end. This time is captured 
by the wall-clock time and it’s comprehensive of useful cycles 
where design activity is processed and the overhead cycles not 
directly associated with performing design computations.

Throughput, instead, focuses only on useful cycles. It en-
capsulates the time it takes to run a number of useful cycles. 
Throughput can be measured by dividing the number of useful 
cycles in an emulation session by the total wall clock time lead-
ing to a number similar to the clock speed. 

If the session doesn’t have any overhead cycle, the through-
put is equal to the clock speed, assuming the ratio of emulation 
and design clock is one-to-one, or 50% slower if the ratio is 
two-to-one. On the other hand, if the testbench spends half of 
the time processing information, the throughput gets divided by 
half.

Let’s review some typical issues and their impact on through-
put.

Design setup
An emulation session begins with downloading the compiled 
design object onto the emulator and configuring its programma-
ble resources to mimic design behaviour. The footprint of a large 
design may reach into the terabyte range. This large amount 

of data is transferred to the emulator via a PCIe 3.0 interface 
that may support a theoretical maximum transfer rate of up to 
20 GB/s on 16 lanes. Typically, it will be less, often much less 
than that. The loading/configuring may take several minutes, 
depending on the emulation architecture and implementation.

The effect of the loading/configuring overhead on the wall-
clock time varies with the length of the test, and isn’t related to 
clock speed. For a short test, it may be relevant. For long test, it 
may be rather small, and it happens only once during an emula-
tion session.

Startup time
Situations arise where the actual testing occurs after a long 
startup overhead, including some kind of initialization. For ex-
ample, in running application-level testing, the design may get 
into an advanced state that possibly involves booting an O/S. 
Startup times should be factored in relation to the actual useful 
test execution work.

Software versus hardware testbench 
environment
Throughput can be greatly impacted by the behavior of a 
software testbench environment if there are cycles where the 
testbench is active and the design is not. Depending on the 
communication infrastructure supported by the emulator, and 
the management of the flow of information between software 
and hardware, various levels of time can be spent associated 
with testbench computation or data exchange in which the 
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design isn’t doing useful computation. Namely, 
it’s sitting idle or performing something other than 
computation. This type of testbench overhead is 
important for throughput.

An inefficient testbench environment support-
ing emulator A with a faster design clock may have 
significantly lower throughput than emulator B 
with a slower design clock, but supported by an 
efficient testbench environment. 

Depending on the specific implementation of 
the software testbench environment, the drop in 
throughput could reach five to 10 times that of the 
emulation clock speed.

Visibility data collection
Throughput can be affected due to performing jobs 
heavily dominated by visibility data collection. For example, 
when carrying out power estimation, a great deal of time is 
spent executing power calculations. In general, when perform-
ing voluminous data upload, the problem is dominated by 
the time it takes to extract and process data from the system 
compared with the time spent by the emulator for actual design 
computation. This is another situation where throughput is 
important and clock speed less so.

In this case, the specific implementation of the data-collec-
tion mechanism may deleteriously affect the throughput with a 
drop of 10 times that of the emulation clock speed.

In in-circuit-emulation (ICE) testing, the physical target 
system and the emulator advance synchronously on a clock-by-
clock cycle basis with no impact on the throughput due to the 
testbench environment.

Throughput versus clock speed
Getting good throughput is a function of an efficient communi-
cation channel exchanging data between the workstation and 
the emulator, and efficient software processing of that data.

Clock speed is often an interesting parameter and one that’s 
easy to measure, but not directly related to the more important 
wall-clock time and throughput. Oftentimes, clock speed isn’t 
the dominant factor in wall-clock time and throughput.

Emulation throughput isn’t easy to measure, and vendors 
don’t provide any data. It may happen that an emulator with a 
higher design clock speed may have lower throughput than an 
emulator running at a lower design clock speed. It may be an 
order of magnitude lower, and the only way to assess it is via a 
benchmark.

Latency
According to Wikipedia, “Latency is the time elapsed between 
the cause and the effect of some physical change in the system 
being observed. Latency is physically a consequence of the lim-
ited velocity with which any physical interaction can propagate.”

In emulation, latency plays a role when deployed in a soft-
ware test environment; not as much in ICE mode.

Latency in a software test environment
Latency takes into account the time interval between sending 
a message from the emulator to the software test environment 
and receiving a response generated by the software. It’s im-
portant when reactive interactions occur between the emulator 
and the software. That is, when activities in software force the 
emulator to stall and wait for answers before continuing with its 
design computation.

Here are few examples.
Low latency is important when modelling a big memory in 

software. To read from a software-based memory, the emulator 
sends a message to the software and stalls until receiving the 
content of the memory.

Low latency is important in a universal-verification-method-
ology (UVM) testbench environment when functions need an-
swers from the emulator, forcing the emulator to wait for them.

The impact of the latency on run-time depends on the ef-
ficiency of the testbench or of the software interacting with the 
emulator. When possible, one way to alleviate or eliminate the 
impact is to use data streaming. In data streaming, the emula-
tor doesn’t wait for the software, nor is the software waiting for 
the emulator. Instead, the data is sent continuously and, when 
needed, it’s immediately consumed.

Software interactions aren’t cycle-oriented. They’re loosely 
coupled where messages get sent back and forth. A message 
may be sent out of the emulator to the software testbench and 
it comes back later. Normally, the emulator clock doesn’t slow 
down at its normal rate to account for it.

Latency in an ICE environment
Latency is typically used when the emulator is decoupled from 
its test stimulus and has to be resynchronized when they’re 
interacting. In an ICE environment, the target and the emulator 
run coupled together on a cycle-by-cycle basis because ICE 
interactions are cycle-oriented. In this context, latency takes 
into account the delay of signals propagating through the ICE 
cables. If the cables are long, the delay may be noticeable and 
require the clock speed to slow down. By contrast, managing 
latency in a software test environment isn’t done by changing 
the clock speed.

Conclusion
Hardware-emulation performance is captured by three pa-
rameters: clock speed, throughput, and latency. Clock speed, 
typically reported by the emulator, is well understood, with 
the caveat that emulation clock and design clock may differ. 
Throughput is mostly misinterpreted and often ignored in favour 
of clock speed. In fact, it is the most important performance 
parameter when the emulator is deployed within a software test 
environment and may make a world of difference when compar-
ing competing emulators. Finally, latency plays a negative role 
with software testbenches, and different emulators typically 
have different latencies.

This article first appeared on ElectronicDesign 
- www.electronicdesign.com 
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The differences are evident between the emulation clock versus design clock 
ratios of emulators from two competing vendors. On the top is a two-to-one 
ratio; on the bottom is a one-to-one ratio. (Source: Lauro Rizzatti)
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Autosar starter kit 
targets Texas Instruments radar sensor
With the introduction of a new software development tool the 
Swedish software vendor Arccore supports the growing market 

for automotive software: Its 
new starter kit enables de-
velopers to write software for 
Texas Instruments (TI) mmWave 
AWR1642BOOSt EVM sen-
sor which was launched in 
May 2017. Automotive OEMs 
increasingly mandate the use of 
the open and industry-leading 

Autosar standard in their ECUs where it simplifies development 
through software reuse and improved code quality and reli-
ability. Current Autosar solutions, however, are often complex 
and require a significant initial investment cost. This limits 
their adoption and in turn, innovation in automotive platforms. 
Arccore’s starter kit  for TI’s AWR1642BOOSt EVM  mmWave 
radar sensor includes the market proven Arctic Core basic 
software, Arccore’s own Arctic Studio tool chain as well as a 
Microcontroller Abstraction Layer (MCAL) from TI. New starter 
kit components are available free of charge with a 60-day 
evaluation license and are fully integrated in a user-friendly 
integrated development environment (IDE).  Combined with the 
AWR1642BOOSt EVM sensor’s features, broad scalability and 
software tools, the kit provides a new starting point for devel-
opers of traditional and emerging Autosar applications. 
Arccore
www.arccore.com

Firmware-development tool takes coding out 
with graphical libraries
STMicroelectronics’ AlgoBuilder takes the coding out of 
firmware development by letting users build sensor-control 

algorithms 
graphically 
with library 
modules, 
ready to 
compile 
and run on 
an STM32 

microcontroller. Created to simplify development of IoT devices 
containing ST’s MEMS sensors and MCUs, AlgoBuilder helps 
quickly get a proof-of-concept model up and running. Users 
can build their algorithms quickly and intuitively by dragging 
and dropping selected functions, connecting the blocks, and 
configuring properties. AlgoBuilder validates all design rules 
and automatically generates C code based on the graphi-
cal design. AlgoBuilder provides libraries such as logic and 
mathematical operators, signal processing, user inputs, vector 
operations, and many others. Turnkey algorithms for commonly 
used functions such as sensor hub, motion-sensor calibra-
tion, activity recognition, motion intensity, and pedometer are 
included. Users can also add their own custom functions to 
the AlgoBuilder libraries. The firmware can then be tested with 
the Unicleo-GUI launched from within AlgoBuilder, to display 
outputs from running firmware.
STMicroelectronics
www.st.com

Fujitsu leverages AI to automate magnetics optimization
By Julien Happich

Researchers at Fujitsu Laboratories Ltd. have developed 
genetic algorithms that leverage artificial intelligence to 
automate the design of magnetic material geometries 

while minimizing energy losses for a given component specifi-
cations. 

While in the past, developers had 
to rely on costly trial and error design 
iterations to attain efficient magnetics 
for power electronics and electric ve-
hicle motors, the new technology au-
tomates and digitizes the development 
of prototypes, significantly improving 
R&D efficiency according to Fujitsu. 

With existing design methods, the 
strong non-linearity unique to mag-
netic materials (magnetic hysteresis) 
make it is difficult to find an optimal 
geometry for minimizing magnetic 
loss, with simulated designs often 
yielding large errors in the magnetic loss simulation (several 
multiples or even several orders of magnitude from experimen-
tally measured values), claims Fujitsu Laboratories. 

Here, through the use of AI, the distribution of eddy currents 
flowing through an inductor is accurately computed by formu-
larizing the dielectric effects of the ferrite microstructures in the 
inductor, lowering the estimation error for magnetic loss under 
10% across a broad range of operating frequencies, up to sev-

eral megahertz. The newly developed AI-powered magnetic loss 
simulation is combined with a genetic algorithm that automati-
cally finds the geometric parameters (dimensions for each part 
of the magnetic material’s shape) that minimize magnetic loss. 

One generation to the next, the genetic algorithm fine tunes 
the geometry until magnetic losses 
are minimized while maintaining other 
desirable parameters above a certain 
threshold of excellence. One example 
would be to reduce both the physi-
cal size and the magnetic loss of an 
inductor while maintaining the induc-
tance value to a certain level. 

Using this technology, Fujitsu 
Laboratories and Fujitsu were able 
to automate the experimental design 
of magnetic material geometries in 
a virtual space, completing in a few 
days ferrite prototypes which would 

have normally taken several months to design, beginning with 
the creation of multiple types of moulds.

Making the new tools available through the HPC cloud for 
scientific calculations, the Japanese company aim to offer 
design services by 2020. Next, they plan to further leverage AI 
to support the creation of magnetic design geometries without 
specialized expertise by linking it with materials informatics.

(Left) Simulation of the magnetic loss of an inductor 
(distribution of the density of magnetic flux within 
the magnetic material); (Right) Comparison of 
experimental and simulated results.
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Safety bundle targets Intel multi-core 
processors in modular avionics
Lynx Software Technologies’ LynxSecure Safety Bundle is an 
open system architecture solution designed to unlock the poten-

tial of multi-core to deliver 2nd 
generation integrated modu-
lar architectures (IMA). The 
software bundle integrates 
the complete range of system 
development services for plat-
form suppliers to build, deploy 
and sustain their IMA platform. 
It enables system integrators 

to leverage modern multi-core hardware to significantly reduce 
SWaP (size weight and power) by consolidating multiple Line 
Replaceable Units (LRUs) onto a single platform. Importantly, it 
enables an open development capability in which any bare metal, 
Linux or other RTOS or OS-based system module or application 
can reside in a single multi-core time and space partitioned sys-
tem safely and securely. This solution securely integrates four key 
capabilities: LynxSecure, a secure-by-design separation kernel 
hypervisor; LynxOS-178, to run safety critical application work-
loads; a fully supported version of Embedded Linux based on the 
Buildroot technology for non-critical application workloads; and 
Luminosity, an Eclipse based Integrated Development Environ-
ment. This includes the ability to develop fully separated ‘bare-
metal’, OS independent system functions or secure applications 
using developer tools of choice, thereby meeting the demands 
for high assurance module development in an open systems de-
velopment framework. LynxOS-178 is the only commercial RTOS 
which has been approved by the Federal Aviation Administration 
(FAA) as a Reusable Software Component (RSC).
Lynx Software Technologies
www.lynx.com

Rohm takes its sensors 
to a shield expansion board for Arduino
With the SensorShield-EVK-003, Rohm is offering a new 
sensor shield expansion board equipped with eight sensor 

boards designed for 
use with existing open 
platform MCU boards 
such as Arduino and 
mbed. The sensor 
evaluation kit bundles 
eight sensor boards 
with various sensors 
produced by the Rohm 

Group, such as for example accelerometer, barometric pres-
sure, geomagnetic, optical heart rate sensors, etc. along with 
a “shield board” for connecting to open platforms. Using the 
SensorShield-EVK-003 makes it easy to configure a sensor 
environment by simply incorporating software and connecting 
to Arduino Uno or to other popular MCU boards. This not only 
permits immediate verification of sensor operation, but also 
facilitates the design of sensor devices. The kit reduces the 
development load significantly, whilst promoting the expansion 
of the IoT market.
Rohm Semiconductor
www.rohm.com/eu

Multicore debugging for NXP’s S32V234 
automotive processor
With support of NXP’s S32V234 automotive multicore SoCs by 
the Universal Debug Engine (UDE), PLS Programmierbare Logik 

& Systeme now provides also 
optimized testing and debug-
ging tools for 64-bit processor 
platforms for the first time. 
The high-end controller, which 
is based on the ARMv8-A 
architecture, is equipped with 
four powerful Cortex-A53 
cores, a Cortex-M4 boot core 

and additional accelerator units. Originally designed specifi-
cally for image recognition and processing for advanced driver 
assistance systems (ADAS), the device is also suitable for other 
computation-intensive applications in the automotive sector due 
to the Cortex-A53 platform. It also meets the ASIL C require-
ments of the ISO 26262 standard for functional safety. Using the 
powerful hardware-based debugging functions of UDE, both the 
Cortex-A53 cores and the Cortex-M4 core of the S32V234 are 
accessible and controllable within a common, consistent user 
interface. Among other things, the multicore run control man-
agement of the UDE, already established for 32-bit multicore 
systems, is also available for this device. It allows the user to 
stop almost synchronously either all or a user-defined set of the 
Cortex-A53 cores either manually or via breakpoints.
PLS Programmierbare Logik & Systeme
www.pls-mc.com 

Model-based development environment 
targets multicore automotive control MCUs
Renesas Electronics has updated its “Embedded Target for 
RH850Multicore” model-based development environment 

for multicore 
microcontrollers 
(MCUs). Aimed at 
automotive control 
applications, the 
update now sup-
ports the develop-
ment of systems 
with multirate 

control (multiple control periods), which is now common in sys-
tems such as engine and body control systems. This model-
based development environment has become practical even 
in software development scenarios for multicore MCUs, and 
can reduce the increasingly complex software development 
burdens especially in control system development of self-driv-
ing cars. It is now possible to directly generate the multicore 
software code from the multirate control model to evaluate the 
execution performance in simulation. Not only does this allow 
execution performance to be estimated from the earliest stages 
of software development, this also makes it easy to feed back 
the verification results into the model itself. This enables the 
completeness of the system development to be improved early 
on in the process, reducing the burden of developing the ever-
larger scale, and increasingly complex, software systems
Renesas Electronics 
www.renesas.com
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Never use liquid thread-lockers  
on electrical fixings
By Keith Armstrong

‘Thread-locking’ means preventing threaded fixings from 
loosening due to vibration. There are many mechani-
cal ways to do this, including split pins, locking nuts, 

special washers, etc. but the term ‘thread-lockers’ is usually 
applied to chemical products that glue a thread in place. Liquid 
thread-lockers have become quite popular, be-
cause they reduce the parts inventory, are easy to 
apply, and low-cost. But they can be used care-
lessly, creating big problems for safety and EMC.

Examples of liquid thread-lockers include ‘red’ 
and ‘blue’ products from Loctite and it has be-
come quite common for people to use the word 
‘Loctite’ to mean a chemical thread-locker. It’s 
like calling all vacuum cleaners ‘hoovers’.  

The problem is that all liquid chemical thread-
lockers are insulators, and because they have low 
viscosity and cover most or all of the thread, they 
ruin any electrical or radio frequency (RF) bonding 
that a fixing might be supposed to provide.

A few years ago, I was working on a product 
that used a 4mm diameter screw thread as pro-
tective conductor (“safety earth”) connector. The 
entire protective conductor circuit is supposed to 
measure less than 0.1 Ohms, but this one screw 
connection alone was 8 Ohms! I noticed that it was coated with 
something red, which I presumed was a liquid thread-locker. 
After I scraped it all off, the fixing measured under one milliohm, 
instead of 8 Ohms!

Clearly, using liquid thread-locker on any screwed/bolted 
electrical connections is very bad, and quite possibly illegal and 
unsafe too.

It’s worth noting that there is a conductive liquid product 
made by Loctite, but it is an epoxy adhesive – not a thread-
locker. I often hear people suggest using ‘conductive Loctite’, 

when what they really mean is conductive thread-locker, but as 
far as I have ever been able to discover no-one makes (or ever 
has made) conductive liquid thread-locking products. I imagine 
the addition of the necessary conductive fillers would make the 
viscosity too high for a thread-locking product.

Of course, a high resistance in any RF-bond will ruin it, just 
as surely as it will ruin an electrical safety connection.  

For both electrical safety and RF bonding, I always recom-
mend not relying on screw threads because of the likelihood of 
corrosion. Instead, the screw fixing should be used to press two 
conductive surfaces together to create the electrical, electrical 
safety, or RF bond.

Unfortunately, unless the amount of liquid thread-lock is 
precisely metered every time it is applied to an individual screw 
thread, there is the risk of it not providing sufficient protection 
from vibration – so people always over-apply it, to make sure 
that they get reliable anti-vibration. The result is that the excess 
insulating liquid just gets everywhere – including in-between 

Keith Armstrong is global EMC specialist for EMC Standards - 
www.emcstandards.co.uk

100 to 1000 Volt Pulsers
Avtech has pioneered the design 
of 100, 200, 500, 700 and 1000 
Volt user-friendly pulsers capable 
of driving impedances of 50 Ω and 
higher. The AVR Series is suitable 
for semiconductor and laser diode 
characterization, time-of-flight 
applications, attenuator testing, 
and other applications requiring 10, 
20, or 50 ns rise times, pulse 
widths from 100 ns to 100 us, and 
PRFs up to 100 kHz. GPIB & RS-
232 ports are standard, VXI 
Ethernet is optional.

200 V/DIV
400 ns/DIV

Model AVR-8A-B

T
R 

= 42 ns

  Nanosecond Electronics
   Since 1975

For datasheets, test results & pricing:

   http://www.avtechpulse.com/
   info@avtechpulse.com
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Package-level 3D-printed chip cooler beats all air alternatives
By Julien Happich

Imec has demonstrated a 
low-cost impingement-based 
solution for cooling chips at 

package level. While conven-
tional solutions realize cooling 
through bonding heat exchang-
ers to heat spreaders attached 
to the chip backside, the 
thermal interface materials used 
in the process create a fixed 
thermal resistance that can’t be 
overcome.

Imec’s chip cooler is an 
impingement-based cooler 
with distributed coolant outlets 
that put the cooling liquid in 
direct contact with the chip 
and sprays the liquid perpen-
dicular to the chip surface. This 
ensures that all the liquid on the chip surface has the same 
temperature and reduces the contact time between coolant and 
chip. Unlike legacy impingement coolers that are expensively 
made out of silicon, the new impingement chip cooler uses 
polymers instead of silicon. Built using high-resolution stereo-
lithography 3D printing, the device features nozzles only 300µm 
in diameter, whose pattern design can easily be customized 
during fabrication to match the heat map of the chip beneath.

“Our new impingement chip cooler is actually a 3D printed 
‘showerhead’ that sprays the cooling liquid directly onto the 

bare chip,” clarifies Herman Oprins, senior 
engineer at Imec. 

“3D prototyping has improved in resolution, 
making it available for realizing microfluidic 

systems such as our chip cooler.”
The impingement cooler achieves a high cooling efficiency, 

with a chip temperature increase of less than 15°C per 100W/
cm2 for a coolant flow rate of 1 l/min. Moreover, it features a 
pressure drop as low as 0.3 bar, thanks to the smart internal 
cooler design. It is said to outperform benchmark conventional 
cooling solutions in which the thermal interface materials alone 
already cause a 20 to 50°C temperature increase. What’s more 
the cooling solution matches the footprint of the chip package 
enabling chip package reduction and more efficient cooling.

ENCLOSURES & CIRCUIT PROTECTIONDESIGN & PRODUCTS

the conductive surfaces that are being clamped together by the 
fixing! 

In a recent military project, I found that the over-liberal use 
of liquid thread-locker had caused it to squirt into a joint in a 
shielded enclosure at every screw fixing (and there were a lot of 
them!). It not only prevented the screw threads from providing 
RF-bonds across the shielding joint, but also prevented the two 
metal enclosure halves from making direct contact with each 
other. The shielding that was achieved by the enclosure was 
useless.

As conductive liquid thread-lockers don’t exist, what can we 
use for locking threads without having to use precisely metered 
doses or extra parts?

Well, Nylok nuts and bolts use a solid ring of nylon that is cut 
into by the thread to provide the thread locking function. They 
have been readily available for over 40 years to my knowledge 
and are available compliant with a huge range of military, avion-
ics and aerospace specifications.

Loctite offers a solid thread-locker that they call ‘Dri-Loc’. 
Unlike Nylok’s standard off-the-shelf fixings, Dri-Loc is applied 
by fixing suppliers as a custom solution (I assume under licence 
from Loctite or Henkel).

Another alternative is Stanley’s ‘Spiralock’, which achieves 
about 15% more torque than regular screw threads or coil 
inserts, and provides anti-vibration thread-locking without any 
additional materials.

Spiralock products are re-usable, whereas liquid or solid 
thread-lockers can only be used once. Nylok products are 

sometimes re-used, although they shouldn’t be. I understand 
that in the UK military during wartime, re-using a Nylok nut or 
bolt is a court-martial offence!

So far, I have only been discussing thread-locking for anti-
vibration. But all threaded fixings (screws, nuts, bolts, etc.) allow 
air, liquids, fine dusts and RF surface currents to leak spirally 
along their screw threads and ruin environmental sealing and 
RF shielding. Also, you may be surprised to learn that all regular 
thread types do not properly centre in their hole, so their screw 
heads all sit at a slight angle to the surface they are fixing. So 
their heads all leak too!

We can prevent this environmental and RF leakage by screw-
ing fixings into blind threaded holes, so that the screw thread 
doesn’t penetrate all the way through the joint. Or we can use 
washers made of a tough conductive and environmental gasket 
material under the screw heads. But we would prefer to achieve 
anti-vibration, environmental sealing and RF shielding without 
having to add any other parts, even washers.

Spiralock screws are self-centring, so their screw heads do 
sit flat on the surface they are fixing. We still can’t rely on their 
screw heads to make such a perfect fit, every time, to ensure 
environmental and RF sealing – but an interesting possibil-
ity is to use Spiralock screws with an 87°underhead feature 
that guarantees a continuous-metal-ring contact between the 
screw’s head and the surface it is fixing. Re-usable thread-lock-
ing (anti-vibration), some degree of waterproofing (I have seen 
IP7 quoted), and RF shielding – all without any additional parts 
or materials!

https://twitter.com/eenewseurope
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Microsoft sinks a datacentre in the sea off Orkney
By Nick Flaherty

Microsoft is installing a datacentre in the North Sea off 
Orkney, a set of islands in the north of the UK.

This is the second phase of the Natick project and 
the team is installing a sealed container on the sea bed this 
week, connected by a power and data cable to the nearby 
European Marine Energy Centre.

The 12.2m long container uses 240 KW to power 12 racks 
containing 864 standard Microsoft datacentre servers with 
FPGA acceleration and 27.6 Pbytes of disk storage. The renew-
able power all comes from renewable wind turbines via an 
underwater docking station that measures 14.3x12.7m, and the 
underwater location is meant to reduce the amount of cooling 
required, reducing the running cost of the datacentre.

The software configured container is expected to last five 
years and the aim of the project is to test out the operation, 
cooling, management and redundancy of the system. 

A container can be deployed within 90 days 
and uses nitrogen at one atmosphere, which 
will reduce any problems with corrosion.

“That is kind of a crazy set of demands to 
make,” said Peter Lee, corporate vice presi-
dent of Microsoft AI and Research, who leads 
the New Experiences and Technologies, or 
NExT, group. “Natick is trying to get there. For 
true delivery of AI, we are really cloud de-
pendent today,” he said. “If we can be within 
one internet hop of everyone, then it not only 
benefits our products, but also the products 
our customers serve.”

This follows the first phase, which was a 
smaller system operated on the seafloor ap-
proximately one kilometre off the Pacific coast 
of the US from August to November of 2015.

D-Sub earthing connector 
protected to IP66 and IP67
Molex’s D-Sub form factor earthing connector helps design-
ers make secure and robust earthing connections without the 

use of special tools or special-
ist training. The connector is 
designed for hash environ-
ments and meets IP66 and IP67 
requirements. The Earthing 
Connector protects equipment 
from stray voltages through 
a secure and low-impedance 
connection to earth. It protects 

sensitive equipment such as telecommunications base stations 
against water ingress in the field in mated conditions. A cap at-
tached to the connector allows the unmated connector to be IP 
protected as well. The D-Sub Grounding Connector features a 
40.0A contact to an earth cable (8 AWG) with straight termina-
tion and a metal sealing frame for rear installation. Two hexago-
nal bolts enable the connector to be mounted on the housing.
Molex
www.molex.com

USB Type-C data line protection IC 
responds under 15ns
Power management leader Kinetic Technologies has launched 
a USB Type-C port protector KTU1101, offering overvoltage 

protection (OVP) within 15 
nanoseconds, beating the 
industry by a large margin. 
This level of protection for 
USB Type-C ports is an 
industry first, according to 
the manufacturer who says 
competitive solutions are 
more than 350% slower to 

respond, which results in risk of system failure during short-
to-VBUS events. The chip provides ESD, surge, and OVP for 
USB Type-C CC/VCONN and SBU signal lines, keeping internal 
data line voltages below 6V. Integrated ESD protection elimi-
nates the need for external TVS diodes. It comes packaged in 
RoHS and green compliant 1.7x2.1mm wafer-level chip-scale 
packaging.
Kinetic Technologies
www.kinet-ic.com
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Thermoelectric cooler tames 
high operating temperatures
The HiTemp ET Series thermoelectric modules from Laird 
feature a proprietary construction to ensure no degradation in 

spot cooling performance in high heat 
applications.
The new series has been designed to 
protect critical electronic devices in 
emerging applications found in high 
temperature environments, typically 
in outdoor environments where heat 
generated from surrounding electronics 
exceeds the temperature of sensi-

tive electronics with maximum operating temperatures of 60 
to 70ºC. The HiTemp ET Series launch includes 53 models for 
engineers to choose from with a wide range of heat pumping 
capacities, geometric form factors and various input voltages. 
Laird’s enhanced TEM construction prevents copper diffusion, 
which commonly occurs for standard grade TEMs in higher 
temperature environments and prevents degradation in their 
performance. The product series maintains a high coefficient of 
performance (COP) to allow for maximum heat rejection into air 
environment even with poor heat sinking. 
Laird
www.lairdtech.com

Keysight launches USB-based instruments
In a move that reflects todays’ engineers high mobility expecta-
tions, Keysight Technologies is aligning itself with today’s ultra-

portable 
trend by 
offering the 
Keysight 
Stream-

line Series, including USB-based vector network analyzers 
(VNAs), oscilloscopes and an arbitrary waveform generator 
(AWG), all leveraging the company’s measurement algorithms 
and application software. Controlled via PC through a USB 
connection, the new instruments help customers save space 
on the test bench and are easily shared among members of a 
development team. The small rack size makes them suitable 
for manual or semi-automated testing in design-validation and 
light-manufacturing applications. For now, three models are 
available. The P937xA models are compact two-port VNAs 
with frequency coverage up to 26.5 GHz. All are designed to 
excel in the testing of passive devices such as antennas, filters 
and duplexers. Running on a host PC, the context-sensitive 
user interface is identical to that of Keysight’s latest benchtop 
VNAs. The P924xA high-performance oscilloscopes provide 
full measurement functionality along with advanced trigger-
ing, rapid waveform updates, and popular features such as 
zone triggering. With the Keysight InfiniiVision interface running 
on the user’s PC, the look and feel is consistent with familiar 
benchtop oscilloscopes. Using Keysight-exclusive Trueform 
waveform generation, the P9336A three-channel AWG provides 
16-bit resolution with maximum analysis bandwidth of 540 
MHz and up to 4GB of on-board memory. Applications range 
from general-purpose testing to complex I/Q signal generation.
Keysight
www.keysight.com

Brushless motors deliver up to 41.6mNm  
from a 22mm diameter
Offered in a compact package only 22mm in diameter, Portes-
cap’s 35mm 22ECT35 and 48mm 22ECT48 Ultra EC Brush-

less Slotless motors deliver higher 
torque capacity while weighing 
almost 28% less than comparative 
motors. According to the manufac-
turer, these compact brushless mo-
tors offer almost 50 percent more 
continuous torque over similar 
comparative motors without com-
promising on operation smooth-

ness and operational life. The 22ECT motors are specially 
optimized for high continuous torque at low to medium speeds, 
maximizing power between 10K and 20K rpm. Their proprietary 
Ultra Coil Technology and patented multipolar rotor design pro-
vide torque of up to 41.6mNm. The motors are available with 
hall sensors and a total of 3 different coils to match any speed 
and voltage requirements.
Portescap
www.portescap.com

Standardized LEDs to slash the cost 
of automotive signal lamps
Osram’s XLS (eXchangable LED Signal) standardized LED light 
sources are aimed at signal light applications in the automotive 

industry. By combin-
ing standardized light 
sources and LED tech-
nology the Osram ex-
pects to fundamentally 
change the automotive 
signal lamp sector, 
enabling a uniform plat-
form with four different 

light sources to cover all the important signal applications in 
vehicles. This will allow simple replacements, reduce complex-
ity and overall costs for car manufacturers and it will lead to 
faster development processes thanks to adapted standards, 
the company anticipates. The UN/ECE (R128) standardized 
lamps will be available in four types for different signal applica-
tions in yellow (LY5), white (LW5, L1) and red (LR5). The yellow 
LY5 with 280 lumen and a life of up to 4,000 hours is used for 
turn indicators. LW5 is a white signal lamp for reversing and 
DLR lights with 350 lumen and a life of up to 5,000 hours. The 
two other members of the XLS product family currently in plan-
ning are a red brake, rear and fog light (LR5), which provides up 
to 4,000 hours of light with a luminous flux of 120 lumen, and 
a white high-precision fog light (L1) with up to 350 lumen and 
a life of up to 5,000 hours. With protection against electrostatic 
discharge, polarity reversal and overvoltages the Osram XLS 
products comply with all standard requirements for modern 
vehicle electronics. Osram uses chip-on-board technology for 
its XLS light sources. This enables the LED chips to be spaced 
very close to one another with common optics. The LED-based 
signal lamps are scheduled to appear on the roads from the fall 
of 2018.
Osram
www.osram.com
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8GHz oscilloscope boasts one million waveforms/s 
acquisition rate
Rohde & Schwarz’s developed the R&S RTP family of oscilloscopes with a particu-
lar focus on measurement accuracy, speed, adding a wide range of functions and 

future-proof technology. Delivered as a 4 GHz, 6 
GHz or 8 GHz model the R&S RTP high-performance 
oscilloscope family combines signal integrity with a 
high acquisition rate. In standard acquisition mode, it 
can measure a million waveforms per second, mak-
ing it more than a thousand times faster than other 
oscilloscopes in its class, claims the manufacturer, 
adding that it is the only instrument on the market 

that compensates transmission losses from the signal source to the oscilloscope 
(de-embedding) in realtime. The advantage is that the oscilloscope is still extremely 
fast even with signal correction activated. And thanks to its unique digital trigger 
architecture, it can precisely trigger on compensated signals. 
Rohde & Schwarz
www.rohde-schwarz.com

USB host interface connects embedded systems  
to LAN or the Cloud
The emUSB-Host LAN can connect any embedded system to a LAN or Internet using 
nothing more than a spare USB host socket. Using readily available USB to Ethernet 

adapters, in-field devices without network hardware can 
now be enhanced with network connectivity using Segger 
software. emUSB-Host LAN supports USB-to-LAN adapt-
ers using software plug-ins. Segger offers immediate avail-
ability of plug-ins for adapters that use ASIX AX88772/A/B 
chipsets and for any adapter that conforms to the stan-
dard CDC-ECM class or Microsoft’s RNDIS specification. 
Smartphone tethering interfaces usually conform to the 
RNDIS class. With USB tethering, the embedded system 
can connect to the Internet, for instance through a service 
technician’s mobile phone, wherever a cellular connection 
exists. emUSB-Host LAN will run on many microcon-
trollers without requiring additional external memory.
Segger
www.segger.com

3-point PCB socket Series
The Sycamore Contact series of surface mount PCB sockets allow odd-form 
devices/modules that are not suited to regularly-spaced socket strip arrangements 
to be attached without any future inconvenience, should removal be required at a 

later stage. Whereas other contact solutions 
of this kind only comprise 2 points of contact 
to the mating pin, making them vulnerable to 
exposure from vibrational forces, the patent 
pending design of the Sycamore Contact gives 
engineers access to 3 contact points. Available 
in both top-entry and bottom-entry configura-
tions, these sockets have a current rating of 
6A and a 15mΩ (maximum) contact resistance. 

Their sturdy construction, which uses beryllium copper with gold plating, means 
that they support 500 mating cycles for an operational temperature range from 
-50°C to +125°C.  While this series was initially capable of accommodating 1 and 
1.5mm diameter contact pins, it now covers pin sizes from 0.80 to 1.90mm.
Harwin
www.harwin.com
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Type 10 COM express module  
supports dual MIPI CSI interfaces
AAEON’s NanoCOM-APL is a machine vision and factory 
automation-focused Type 10 COM express module with on-

board support for dual MIPI CSI in-
terfaces. The board is built around a 
6 th Generation Intel Atom, Celeron, 
or Pentium processor and features 
on-board LPDDR4 memory with 
a capacity of up to 8GB. The 7W 
module’s low power-consumption 
architecture means it can be used 
at the heart of hand-held, battery-

powered devices and fully enclosed IP67 applications. The 
module also features 1GbE LAN connections, optional onboard 
eMMC storage of up to 64Gb, a PCIe [x4] expansion slot, an 
LVDS, DDI, or eDP connections, and support for up to eight 
USB3.0 and two USB2.0 ports.
AAEON
www.aaeon.com

64-bit multi-cluster CPU IP is ISO 26262  
& IEC 61508 compliant
Designed for safety critical systems in autonomous vehicles, 
MIPS’ I6500-F CPU IP core is claimed to be the first high 

performance 64-bit 
multi-cluster CPU IP to 
receive formal certifica-
tion of compliance for 
ASIL B [D], based on 
ISO 26262: 1st edition 
2011 (&DIS 2nd Edition 
2018) and IEC 61508 SIL 
2. The core was certified 

by Resiltech, a leader in certification of safety-related products 
for automotive and industrial applications. “Unlike ‘ASIL B/D 
ready’ solutions, the MIPS I6500-F has been developed as a 
SEooC, based on ASIL B [D] decomposition, for items target-
ing ASIL D automotive applications and delivers both safety 
and performance, an essential combination for extremely high 
system efficiency, scalable computing and compute-intensive 
tasks,” explains David Lau, MIPS’ Vice President of Engineer-
ing. “The I6500-F is one of a new class of MIPS CPUs de-
signed to ‘FortifAI’ next-generation intelligent applications. This 
ASIL B (D) SEooCs certification helps our customers signifi-
cantly de-risk and accelerate certification at the SoC level.” 
The MIPS I6500-F addresses the critical FuSa requirements 
for a wide range of automotive Human Machine Interface 
and ADAS/autonomous vehicle applications. These include 
speech and gesture recognition, eye tracking, driver monitor-
ing, virtual assistance, and natural language interfaces, as well 
as camera-based machine vision, radar-based detection units, 
driver condition evaluation and sensor fusion ECUs. The MIPS 
I6500-F comes with a complete safety package, including all 
the required safety cases, quantitative safety analysis based 
on FMEDA, and safety analysis report summarizing the FMEDA 
analysis results and functional safety audit for addressing 
requirements for systematic failures. 
MIPS
www.mips.com

Mixed-signal image signal processor 
draws only 300mA
OmniVision Technologies has released a mixed-signal image 
signal processor (ISP) dubbed the OVMed, designed for medi-

cal, veterinarian and industrial endoscopy applications. The 
OVMed ISP system offers industry-leading image signal pro-
cessing with a short system delay of less than 100ms, enabling 
instantaneous image capture and display even when connect-
ed via Wi-Fi. With power consumption at only 300 mA in active 
mode, it can run on a battery or via a USB power adaptor. The 
chip’s video processing unit comes in two versions. The Mini 
version is compact enough to fit inside an endoscope handle, 
while the larger advanced version provides the highest image 
quality with more sophisticated features and can reside in the 
camera control unit. The OVMed ISP is available in multiple 
output formats and interfaces, depending on the desired ap-
plication. The output can connect to an external display via 
USB or HDMI cables, or wirelessly via Wi-Fi. Alternatively, the 
unit can interface with a microcontroller via a DVP port. The 
included software development kit (SDK) runs on Android, iOS, 
macOS and Windows, and features APIs with a C++ callable 
function library in binary DLL format. The SDK also provides 
demo programs that illustrate how to use the APIs.
OmniVision Technologies
www.ovt.com

18V step-down “micro DC/DC converters” 
integrate a coil
Torex Semiconductor’s XCL225/XCL226 series of 18V coil-inte-
grated, step-down “micro DC/DC” converters can be config-

ured by simply adding two external 
ceramic capacitors. An internal coil 
simplifies the board layout and makes 
it possible to minimize radiation noise 
and circuit operation trouble. Deliv-
ered in a 3.0x3.0x1.7mm package, 
the device takes a maximum input 
voltage of 18V for a wide range of 
industrial equipment and IoT devices, 

including refrigerators and air conditioners. Operating voltage 
range is 3V to 18V with a maximum output current of 0.5A, 
at a switching frequency of 1.2MHz. The XCL225 uses PWM 
control to provide minimum output ripple voltage by fixing the 
operating frequency. The XCL226 uses PWM/PFM auto switch-
ing control to lower the operating frequency at light loads 
which reduces power dissipation and realizes high efficiency 
from light loads to heavy loads. The output voltage can be set 
within a range of 1V to 15V using external resistors. A soft start 
function is set internally to 1.0ms (typ.) which can be adjusted 
using an external resistor.
Torex Semiconductor
www.torexsemi.com
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Plug and play wearable connectors  
support 360º mating
Designed to connect portable and body-worn applications 
quickly and easily, the Fischer LP360 allows for 360º mating 

“freedom” (no key code), with a 
sealed ball-locking mechanism 
and variable pre-defined force 
(patent pending). Specially de-
signed pins on the plug are IP68 
sealed with a membrane (patent 
pending). Thanks to all these 
features, mating the Fischer 
LP360 becomes as intuitive as 

buttoning up a vest, without compromising on the high-perfor-
mance reliability required in harsh environments. The new con-
nector is fully cleanable (both plug and receptacle), and is easy 
to use and maintain with a faster set up and improved durabil-
ity. Shared data and power are delivered through 7 contacts, 
up to 24AWG compatible with up to 3x 5A for power and 4x1A 
for signal with USB 2.0 and Ethernet data protocols. The com-
pact low-profile design makes it easy to integrate the Fischer 
LP360 into clothing with devices and subsystems. Via the  
panel-mounted plug interface, cables can even be removed 
completely, and the connector can be directly integrated into 
the housing of such devices as a camera, sensor, light, or GPS. 
The 360º mating also simplifies cable management since the 
connector can be plugged and routed in any direction, the 
cable can always go straight to the device.
Fischer Connectors SA
www.fischerconnectors.com

IGBT power interface 
integrates electro-optic conversion
Harting has developed a range of miniaturised power interfaces 
with integrated electro-optical conversion, enabling customers 

to save time and money by 
combining electrical connec-
tivity and optical transmission 
in the same module. The 
new interfaces are designed 
for use with powerful elec-
tric drives controlled by 
IGBT (insulated gate bipolar 
transistor) semiconductor 

elements. In order to achieve the necessary galvanic isolation 
between the controller and driver board, data is transferred via 
fibre-optic cable. In order to simplify the connection of POF 
fibres, as well as saving space on the controller board and 
reducing downtime during service, the electro-optical conver-
sion process has been integrated into application-specific 
connectors. For traction control on trains, a solution for up to 
16 optical channels is available in a DIN D20 metal housing. In 
harsh industrial environments, a Han 10A housing variant with 
IP 65/67 protection offers up to eight channels. The range is 
completed by a pluggable 8-channel module for direct connec-
tion to the circuit board in the switch cabinet. In all variants, the 
fibres are connected by means of a metal clip which attaches 
them without any additional optical contact.
Harting
www.harting.co.uk

Imagination NN cores 
implement variable data resolution
IP licensor Imagination Technologies has announced two 
neural network accelerator cores; the first devices within the 

PowerVR Series2NX family that the 
company first disclosed in Septem-
ber 2017. The AX2185 and AX2145 
offer inferencing capability on mobile 
applications and support a high 
degree of flexibility in terms of data 
resolution across neural networks, 
one of the more notable features of 
the architecture. The PowerVR 2NX  

has been designed as a core for inferencing on a mobile SoC 
from the ground up. It is a scalable architecture that comes 
with up to 8 neural network compute engines. Each engine 
is capable of up to 128 16bit multiply accumulates per clock 
(MACs/clk) and 256 8bit MACs/clk, giving at the high end 1024 
16bit and 2048 8bit MACs/clk. The AX2185 targets the high-
end smartphone, smart surveillance, and automotive markets. 
It features eight full-width compute engines and provides 2,048 
MACs/clock (4.1 Tera Operations Per Second). The AX2145 
targets mid-range smartphone, digital TV and set-top box, 
smart cameras and consumer security markets. The Pow-
erVR AX2145, which offers up to 1.0TOPS has a streamlined 
architecture intended to deliver neural network inferencing for 
ultra-low bandwidth systems. Imagination declined to provide 
TOPS-per-watt figures for the two cores.
Imagination Technologies
www.imgtec.com

TMR angle sensor in a TO-6 package  
for PCB-less applications
TDK’s TAD2140 is a TMR angle sensor delivered in a TO-6 
package for automotive and industrial applications.

It includes two full TMR 
bridges, a dedicated ASIC 
for signal conditioning and 
integrated passive compo-
nents (six capacitors and one 
resistor). The ASIC provides 
several digital outputs such as 
Hall emulation (UVW), encoder 
(ENC), pulse-width modulation 

(PWM), and SENT on two interfaces simultaneously. Further-
more, its various internal diagnostic features make it suitable 
for demanding automotive applications where functional safety 
is required (ASIL B rating). Like all of TDK’s TMR sensors, the 
TAD2140 features an angle accuracy of ±0.2°, with an angle 
error of only ±0.05° at room temperature. The sensors are 
capable of contactless sensing from 0° to 360° over a tempera-
ture range of −40°C to +150°C. The sensor’s fast response, 
high angular accuracy, and advanced compensation algorithms 
make it suitable for the optimization of motor control applica-
tions such as BLDC motor commutation. The sensor can be 
welded or soldered directly onto a package lead, a connector 
or a terminal, eliminating the need for a PCB, thus reducing 
total system size and cost.
TDK
www.tdk.com
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MCUs boast configurable signal-chain 
elements for sensing
Texas Instruments’ latest MSP430 line addition includes 
microcontrollers with integrated signal-chain elements and 

an extended operating 
temperature range as high 
as 105°C.
The MSP430FR2355 
ferroelectric random 
access memory (FRAM) 
MCUs allow developers 
to reduce printed circuit 
board (PCB) size and 
bill-of-materials (BOM) 

cost while meeting temperature requirements for sensing and 
measurement in applications such as smoke detectors, sensor 
transmitters and circuit breakers. The new devices integrate 
smart analog combos – configurable signal-chain elements that 
include options for multiple 12-bit digital-to-analog converters 
(DACs) and programmable gain amplifiers, along with a 12-bit 
analog-to-digital converter (ADC) and two enhanced compara-
tors. The MSP430FR2355 MCUs are available with memory up 
to 32 KB and central processing unit speeds up to 24MHz.
Texas Instruments
www.ti.com

450W medical power supplies  
in a 3”x5”package
The TPP450 (Enclosed package) and TPP450A (Open-frame 
package) convection/conduction cooled medical AC/DC power 

supplies feature a rein-
forced double I/O isolation 
system according to latest 
medical safety standards.
The earth leakage current is 
below 100μA what makes 
the units suitable for BF 
(body floating) applications. 
The excellent efficiency 

of up to 94% allows a high power density for the standard 
3x5x1.58 inch packaging format. The forced air cooling full 
load operating temperature range is -40 to +50°C while it goes 
up to 85°C with 50% load derating. Natural convection cooled 
power is 320W up to +50°C and 150W at +85°C.  The units 
come with an active power factor correction and the EMC 
characteristic is dedicated for applications in industrial and 
domestic fields. High reliability is provided by use of industrial 
quality grade components and an excellent thermal manage-
ment. It makes the products an ideal solution for medical de-
vices and for demanding safety and space critical applications. 
The power supplies deliver a 5VDC standby output, 12VDC 
auxiliary output and allows remote On/Off operation, with 
power good signal. An integrated variable fan speed controller 
allows for an easy use of an external fan.
Traco Power
 www.tracopower.com

Freely experiment  
with projected-capacitive technology
This month, Schurter is giving away three of its Engineering 
TouchKits, worth 359 Euros each, for eeNews Europe’s read-

ers to win. Designed for 
development engineers 
to experience the advan-
tages of the projected-
capacitive technology up 
close, the kit contains a 
plug-and-play 10.1” PCAP 
touchscreen sensor with a 
Schurter controller based 
on an EETI chip. With 

the supplied software on a USB stick, controller data can be 
analyzed and evaluated, making it easy to set up and perform 
tests with and without active stylus (a touchscreen stylus is in-
cluded in the package). The Engineering TouchKit can detects 
the operation of up to 10 fingers simultaneously. Stylus opera-
tion allows for high accuracy and pressure measurement, and 
palm rejection is also built-in. The touch screen remains op-
erational at low humidity levels, the controller switches off the 
sensor in the event of large quantities of water. When correctly 
installed, the touchscreen is immune to interference voltages 
in the form of wave fields up to 3V/m or wired up to 3 Vrms.

Check the reader offer online at
 

www.eenewseurope.comAutomotive MOSFETs offer high efficiency 
through very low RDS(on)
NPXs power devices spin-off Nexperia has introduced a series 
of MOSFETs with particular low RDS(on). Due to this low resis-

tance, the devices enable 
designers to reduce sig-
nificant space savings.
The AEC-Q101-qualified, 
40 V automotive super-
junction MOSFETs in the 
rugged, electrically- and 
thermally-efficient LF-
PAK56E casing deliver a 
footprint reduction of up 

to 81% when compared to traditional solutions such as bare 
die modules, D 2PAK or D 2PAK-7 devices. The 0.9 mΩ, 220 
A DC-rated BUK9J0R9-40H MOSFET suits applications up 
to 1.2 kW, and is also lower cost than larger D 2PAK devices 
which were the previous best solution. As well as reducing R 
DS(on) the new devices also feature an improved DC current 
rating of 220A – a first for the automotive Power-SO8 footprint. 
This enables higher power density on a small footprint, which 
is especially valuable for safety-critical automotive applications 
that require dual redundant circuitry. The use of Superjunction 
technology delivers a higher Avalanche capability and Safe 
Operating Area for improved performance under fault condi-
tions. LFPAK56 Trench 9 MOSFETs facilitate paralleling for high 
current applications. The products suit automotive functions 
such as motor control (brushed and brushless) for power steer-
ing, transmission control, ABS, ESC, pumps (water, oil and 
fuel), fan speed control, reverse battery protection and DC/DC 
converters.
NPX
www.nexperia.com
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0.1dB step programmable digital attenuator 
for the 200 to 6,000MHz range 
Vaunix Technologys digital attenuator LDA-906V is capable of 
bidirectional fixed attenuation, swept attenuation ramps, and 

fading profiles. The LDA-
906V Lab Brick digital 
attenuator is a highly 
accurate 50-ohm step 
attenuator, with calibrated 
attenuation from 200 to 
6,000MHz in 0.1 dB steps 
and a typical accuracy 

under 0.25 dB over a 90 dB control range. The LDA-906V is 
suitable for testing WiMAX, MIMO, SIMO, 3G, 4G, 5G, LTE, 
DVB, and microwave radio systems, and for creating fading 
and other wireless system simulations. Lab Bricks use a native 
USB HID-class, driverless interface to avoid the difficulties in-
herent in using older serial or IEEE-488 interfaces implemented 
over USB. Lab Brick devices and equipment can be easily 
used on any system that supports USB HID devices, includ-
ing low-cost embedded computers using Windows, Linux or 
similar operating systems. 
Vaunix
www.vaunix.com 

Solderless and direct plug-in connectors
Würth Elektronik eiSos’ Redfit IDC SKEDD WR-WST connec-
tors are solderless, space-saving and multi-pluggable con-
nectors designed for signal transmission. Using the patented 

SKEDD technology, the Redfit IDC 
is available in 4- to 20-pin versions 
and is suitable for permanent use 
on PCBs as well as for temporary 
connections for programming and 
debugging purposes. The solderless 
reversible direct plug-in connectors 
can be manually mounted on the 
plated-through holes of the PCB, 

which eliminates the need for extra sockets and any related 
soldering processes. They require no mating plug, saving on 
yet another component and reducing assembly and process 
costs. Plastic guides on the underside of the housing are 
longer than the contacts, thus preventing short circuits on the 
board underneath. Different size thicknesses of the guiding 
pins provide reverse polarity protection during the simple, (and 
tool-free), process of plugging and unplugging of the SKEDD 
connector. Depending on the application, between 10 and 
25 mating cycles are specified. The plastic housing is made 
of halogen-free LCP (liquid crystal polymers) of flammability 
class UL94 V0. The specified operating temperature ranges 
from -25°C to +105°C. The contact material, a copper alloy, is 
gold-plated on the SKEDD site and tin-plated on the IDC. The 
SKEDD contacts on the dual row plug connector are offset with 
a 2.54 mm pitch. On the cable side, the AWG 28 ribbon cable 
is connected with a 1.27 mm pitch. Further technical features 
include a rated current of 1.0 A per pin, an operating voltage of 
100 V, isolation resistance of over 1,000 MΩ, voltage stability of 
500 Vac/min, and contact resistance of maximum 10 mΩ.
Würth Elektronik eiSos GmbH & Co. KG
www.we-online.com

Cryptography-enabled MCU secures 
connected nodes
Microchip Technology’s CEC1702 hardware cryptography-en-
abled microcontroller (MCU) now supports the Device Iden-

tity Composition Engine 
(DICE) security standard, 
providing a simple way 
to add fundamental 
security to embedded 
products. The DICE ar-
chitecture breaks up the 
boot process into layers 
and creates unique se-

crets along with a measure of integrity for each layer, automati-
cally re-keying and protecting secrets if malware is present. 
One of the key benefits of using the secure boot features of the 
CEC1702 with the DICE standard is that it enables equipment 
manufacturers to create a chain of trust for multiple loads of 
firmware. The CEC1702 IoT development kit with the DICE ar-
chitecture helps designers speed up development cycles. The 
kit comes with a powerful, programmable 32-bit ARM Cortex-
M4 Controller and sample code to quickly develop a secure, 
cloud-connected solution. The kit’s CEC1x02 development 
board comes with a Plug-in Module that contains the CEC1702 
with integrated cryptography accelerators, saving code space 
and decreasing time to market. Two headers allow for flexible 
design requirements.
Microchip
 www.microchip.com

Integrated motors deliver  
high-speed motion control
Applied Motion Products has released three models of Step-
SERVO integrated motors designed with encoder feedback 

and advanced control loops that 
incorporate servo control.
Using closed loop feedback and 
advanced control technology, the in-
tegrated motors create more torque 
for higher acceleration in meeting 
faster machine cycles that results in 
greater productivity. The StepSERVO 

integrated motors also operate cooler and quieter than stan-
dard motors by drawing just enough current to control the load, 
automatically reducing current to the motor when the load is 
not demanding torque, resulting in a 10 dB noise reduction. 
Three models are available that support step and direction, 
streaming commands, fieldbus communications and stored 
Q programming for standalone operations. The TSM Series 
feature 8 digital inputs, 4 digital outputs and 1 analog input and 
support RS-232, RS-485, CANopen, Ethernet, EtherNet/IP and 
Modbus communications. Motors are available in various frame 
sizes, including a new NEMA 34. The SSM Series Integrated 
Motors feature 3 digital inputs, 1 digital output and 1 analog 
input and support Ethernet, EtherNet/IP and Modbus TCP 
communications. The TXM Series combine the features of the 
TSM Series with IP65 rated environmental capabilities and M12 
connectors for operating in wet and dusty environments.
 Applied Motion Products
www.applied-motion.com
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Neural ASIC platform  
promises easy AI integration
The neuASIC platform is what independent IP provider eSilicon 
presents as a fundamentally new approach to building appli-

cation-specific 
integrated circuits 
(ASICs) for artificial 
intelligence /neural 
network applica-
tions. Up to now, 

hardware accelerators for machine learning have been built 
primarily with GPUs and FPGAs. According to eSilicon, the 
machine learning ASIC platform (MLAP) segment of the market 
has been under-served due to the dynamic nature of AI/ma-
chine learning algorithms. These algorithms typically experi-
ence a high degree of change as they are adapted to the end 
application, making it problematic to use a static, full-custom 
ASIC platform. Through customized, targeted IP offered in 7nm 
FinFET technology and a modular design methodology, the 
neuASIC platform is said to remove the restrictions imposed 
by changing AI algorithms. The platform includes a library of 
AI-targeted functions that can be quickly combined and config-
ured to create custom AI algorithm accelerators. With the use 
of a Design Profiler and AI Engine Explorer, eSilicon-developed 
and third-party IP can be configured as AI “tiles” via an ASIC 
Chassis Builder, allowing early power, performance and area 
(PPA) analysis of various candidate architectures. The neuASIC 
platform also uses a sophisticated knowledge base to en-
sure optimal PPA. The elements of neuASIC IP library include 
functions that are found in most AI designs, resulting in a core 
architecture that is both optimized and durable with respect to 
AI algorithm changes. Specific algorithm modifications can be 
done through a combination of minor chip revisions with ap-
propriate AI “tiles” or modifications of the 2.5D package. 
eSilicon
www.esilicon.com

Concurrent dual-channel V2X communication 
chip is only 9x11mm
Developed entirely in-house, u-blox’ UBX-P3  chip for vehicle-
to-everything (V2X) wireless communication relies on the IEEE 

802.11p wireless standard, referred to 
as Dedicated Short Range Communica-
tions (DSRC) in the USA.
The DSRC/802.11p technology is 
mature and available for immediate de-
ployment of V2X systems. Offered in a 
compact 9x11mm form factor, the UBX-
P3 supports various design options for 
flexible deployments in the vehicle and 

the road-side infrastructure. The UBX-P3 concurrently commu-
nicates on two channels, which means that safety and service 
messages can be processed continuously providing greater 
safety in traffic. Alternatively, it can be used to enable the chip 
to simultaneously communicate on the same channel using 
two antennas, thus providing vehicles full coverage with no 
blind spots. Samples will be available for lead customers in the 
course of 2018. 
u-blox
www.u-blox.com

Client NVMe SSD controller 
addresses 96-layer NAND-based SSDs
Marvell’s NVM Express (NVMe) solid-state drive (SSD) control-
ler family is aimed at mainstream and high-performance PC cli-

ent and edge computing SSDs. The 
Gen 3x4 PCIe SSD controllers, the 
4-channel 88SS1084 and 8-channel 
88SS1100, bring leading perfor-
mance, endurance and reliability to 
the industry and will help broaden 
the adoption of NVMe SSDs across 
emerging client and edge comput-
ing applications. The controllers 
integrate Marvell’s fourth generation 
of NANDEdge technology, offer-

ing the advanced error correction capabilities to address the 
increasing demands required to enable future SSD solutions 
with emerging 96-layer triple level-cell (TLC) and quad level-cell 
(QLC) NAND architectures. The Marvell client NVMe SSD con-
troller family can provide up to 3.6GB/s of bandwidth and up 
to 700,000 input output per second (IOPS). The 88SS1084 and 
88SS1100 devices can save system power consumption by 
supporting lower voltage NAND devices and LPDDR4 DRAM 
components. These features enable PCs and edge computing 
devices to process and store increasingly data-intensive work-
loads more quickly and reliably. 
Marvell
www.marvell.com

High-resolution Vernier encoder supports 
angle resolutions up to 26 bit
Designed for optical and magnetic position sensors, iC-Haus’ 
high-resolution Vernier encoder features a fast sine-to-digital 

converter in SAR architecture 
with an interpolation resolu-
tion of 14 bit and extremely 
short conversion times of only 
2.3 µs. In the case of posi-
tion sensing using Vernier 
scanning of several scales, 
this speed advantage is 
particularly beneficial. For 

this purpose, iC-MNF simultaneously scans up to three sin/
cos track signals. Interpolation and digitalization are executed 
sequentially. Using the configurable Vernier calculation for 2 or 
3 tracks, excellent angular resolutions of up to 26 bit can be 
achieved which corresponds to 0.02 angular seconds in terms 
of 360 degrees. To achieve high signal quality when scanning 
rotary encoder code disks, using high-resolution scanning ICs 
such as iC-PN or the new iC-PNH of iC-Haus’ EncoderBlue 
product family is recommended. In addition, iC-MNF also sup-
ports Hall and magnetoresistive sensors. In addition to an SPI 
interface for easy connection to microcontrollers, the 7x7mm 
QFN device contains a fail-safe RS422 transceiver for both 
BiSS C and SSI so that iC-MNF can directly be linked to cor-
responding controls. The IC now provides even more accurate 
status information for monitoring and diagnostics. The chip 
also integrates a temperature sensor.
iC-Haus
www.ichaus.com
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IQD signs new global distributor  
Digi-Key Electronics
IQD Frequency Products has signed a global distribution 
agreement with Digi-Key Electronics, making its whole IQD 

product line immediately 
available for shipment from 
Digi-Key, including quartz 
crystals, clocks oscillators, 
VCTCXOs, TCXOs, OCXOs, 
GPS Disciplined OCXOs, 
and Rubidium oscillators.
“In today’s world where 
design engineers need 

product immediately for their designs, the agreement with Digi-
Key enables IQD’s products to be available from stock at what 
we know is most design engineers’ first port of call,” said Maria 
Shoteh, Vice President Sales at IQD Frequency Products Inc.
Digi-Key Electronics
 www.digikey.com

‘Summer of Sound’ challenge  
runs on DesignSpark
Electronic components distributor RS Components has 
launched a global design challenge on its DesignSpark engi-

neering and maker 
community website, 
offering a winning 
prize worth £1,500 of 
products from the RS 
range.
The ‘Summer of 
Sound’ competition 

tasks contestants to create a new musical experience with 
the aid of technology. This could range from the invention of 
a completely new electronic musical instrument, or hack of an 
existing acoustic instrument, to the development of a radical 
new digital musical interface. 
RS Components
www.rs-online.com

Long-term DDR3 memory module 
supply chain solution
Solid State Supplies Ltd. is now offering a comprehensive 
range of memory products from SMART Modular Technologies.

With recent announcements 
that certain major manufactur-
ers are discontinuing the manu-
facture and supply of DDR3 
memory modules, many OEMs 
are faced with an interrupted 
supply chain and the prospect 
of an expensive, risky and 
time-consuming re-design to 

continue to support their customers. Solid State is able to offer 
fully equivalent DDR3 modules from SMART to ensure continu-
ity of supply to UK based customers.
Solid State suppies
www.sssltd.com

0.39 inch colour AMOLED panel 
delivers XGA at 1000cd/m2

New at FRAMOS, the ECX334C OLED micro display from 
Sony Semiconductor Solutions is a very small 0.39 inch 

(1.0cm) diago-
nally active matrix 
colour OLED panel 
module based 
on single crystal 
silicon transistors. 

Aimed at viewfinders and wearables, the unit provides an XGA 
resolution of 1024x768 pixels, with 24-bit colour depth and a 
luminance up to 1000cd/m 2. The OLED module integrates both 
a panel driver and a logic driver to achieve a small and flexible 
light weight display solution. Response time is in the order of 1 
microsecond. The units, with both sub-LVDS and 120p-LVDS 
interfaces, can be easily integrated into OEM devices. 
FRAMOS
www.framos.com

LattePanda Windows 10 in stock  
at JPR Electronics
Specialist distributor JPR Electronics can now supply the  
LattePanda Windows 10 single board computer from stock.

The 88x70mm LattePanda SBC 
includes everything a regular 
PC has and any peripherals 
that work on a conventional PC 
will work on a LattePanda. The 
board comes pre-installed with 
a full, pre-activated version of 
Windows 10, allowing the instal-
lation of powerful tools including 

as Visual Studio, NodeJS, Java, Processing and more. Using 
existing APIs, system designers can develop bespoke software 
and hardware projects on a LattePanda in the same was as it 
would be done on a normal PC using major software suites.
JPR Electronics 
www.jprelec.co.uk

IDT’s 9FGV100x PhiClock Generators  
now at Mouser
Global distributor Mouser Electronics is now stocking the 
9FGV100x programmable PhiClock generator family of devices 

from Integrated Device Tech-
nology (IDT). The 9FGV100x 
devices combine space 
savings, high performance 
and low power in a single, 
easy-to-use solution for next-
generation data center and 
networking designs based on 
PCIe Gen4 and future Gen5 

requirements. The devices integrate crystal load capacitors and 
offer an optional integrated crystal to simplify designs and save 
board space. 
Mouser
www.mouser.com
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LAST WORD

Breaking free  
of epitaxial constraints
By Julien Happich

In their quest to easily grow crys-
talline materials on amorphous 
and non-epitaxial substrates, 

and improving on a so-called tem-
plated liquid phase (TLP) growth 
process they had developed in a 
2016 paper, University of Southern 
California researchers made their 
breakthrough with a paper titled 
“Confined Liquid-Phase Growth of 
Crystalline Compound Semicon-
ductors on Any Substrate” pub-
lished in the ACS Nano journal.

In their study, the researchers 
claim they have finally removed 
the traditional epitaxial constraints 
challenging the direct growth of a vast 
array of crystalline compound semicon-
ductors on amorphous and non-epitax-
ial substrates. This means they could 
potentially grow highly heterogeneous 
electronic and photonic devices directly 
on silicon and other substrates such as 
glass and plastics without ever relying on 
costly epitaxial transfer techniques.

Using a thermodynamic model of con-
fined liquid metal wetting, the research-
ers first derived a wetting phase diagram 
for templated liquid metals, showing 
there are multiple classes of templating 
behaviour for a number of relevant mate-
rials, with a geometrically driven wetting 
condition for the templated liquid metals 
for any substrate surface energy.

They then demonstrated that InP, GaP, 
InAs, InGaP, SnP, and Sn4P3 crystals can 
be grown directly on SiO2, Si3N4, TiO2, 
Al2O3, Gd2O3, SrTiO3, and graphene, 
making their approach truly general.

As a practical demonstration, the 
authors grew InP in an indium template 
using the TLP technique. They first 
deposited Indium metal with standard 
evaporation of sputtering techniques on 
a Gd2O3 substrate, with a capping silicon 
oxide layer. They then patterned and 
heated the substrate under hydrogen so 
the metal would melt, yet retain its origi-
nal deposited geometry (the template 
that is, without de-wetting from the sub-
strate). Introducing a precursor gas at the 
growth temperature causes supersatura-
tion and a precipitation of the target ma-
terial directly into the melted metal, with 
the latter being consumed as the nucleus 
grows, the paper reports. The end result 
is a single crystal with the exact geom-

etry of the initial melted metal template 
(they had worked with circular templates 
about 5µm in diameter). The authors also 
grew phase pure templated crystalline 
Sn4P3 on a silicon/SiO2 substrate.

Pushing their TLP technique demon-
stration one notch further, they even grew 
dual compound mesas with an atomically 
sharp lateral heterojunction between 
indium phosphide and tin phosphide, 
despite the two materials having vastly 
different crystal structures.

The seemingly simple trick explained 
in the paper was to heat an array of 
neighbouring indium and tin mesas to 
550°C before introducing precursor gas 
phosphine. At that temperature, the two 
metals mixed completely in their liquid 
phase, and the introduction of a con-
trolled phosphine (PH3) flux triggered the 
simultaneous, yet separate growth of sin-
gle indium phosphide and tin phosphide 
crystals from the unique In/Sn melt.

Because it allows the growth and 
manufacture of crystalline materials 
without requiring a nearly lattice-matched 
substrate, the TLP growth process for 
which the researchers have filed a pro-
visional patent could enable the design 
of entirely new crystalline materials (for 
which traditional vapour-phase epitaxy 
lacked a suitably matching substrate). 
This could lead to many new electronic 
and photonic devices difficult or near 
impossible to create so far.

The authors conclude that such a 
TLP growth process will enable device in-
tegration at the microscale, way beyond 
today’s coarse 3D integration (physical 
stacking).

A schematic view of the TLP growth of crystalline 
InP in an indium template on a Gd2O3 substrate. 
On the right, the SEM image shows how the 
nucleated InP crystal consumes the entire molten 
In metal from the template to reach the full 
template size.
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