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Dear readers,

With a particular focus on Data Encryption and Security, our June edition of eeNews 
Europe shines further light on Blockchain, no longer an obscure high-tech keyword 
but seriously envisaged as a practical traceability tool for all conceivable electronic 
transactions, including secure messaging between IoT devices. 
Other features you’ll find covered in this edition include Medical Electronics &  
Biodevices, here again acquiring data is at the core of all medical diagnosis and 
consulting services, and our broad encompassing Sensors feature.

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 prototypes, 
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.

Julien Happich
Editor in Chief
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Circuitry inspired by prime numbers 
creates chaotic signals
By Jean-Pierre Joosting

Researchers from the Tokyo Institute of Technology have 
developed a small, efficient device that generates “chaotic 
signals” and is suitable for emerging applications such as 

realizing wireless networks of sensors.
The researchers developed a technique that enables a simple, 

yet highly versatile, way to generate “chaotic signals” with various 
features. The technique consists in interconnecting three “ring 
oscillators,” effectively making them compete against each other, 
while controlling their respective strengths and their linkages.

The ability to recreate the signals found in natural systems, such 
as those in brains, swarms, and the weather, is useful for under-
standing the underlying principles in such phenomema. These sig-
nals can be very complex, with the extreme case being so-called 
“chaotic signals.” Chaos does not mean randomness, but instead 
it represents a very complicated type of order. Minute changes in 
the parameters of a chaotic system can result in greatly different 
behaviours. Chaotic signals are difficult to predict, but they are 
present in lots of different scenarios.

Unfortunately, the generation of chaotic signals with desired 
features is a difficult task. Creating them digitally is in some cases 
too power consuming, and approaches based on analog cir-
cuits are necessary. Now, researchers in Japan, Italy, and Poland 
propose a new approach for creating integrated circuits that can 
generate chaotic signals. 

The research team started from the idea that cycles that have 
periods set by different prime numbers cannot develop a fixed 
phase relationship. Surprisingly, this principle seems to have 
emerged in the evolution of several species of cicadas, whose life 
cycles follow prime numbers of years, to avoid synchronizing with 
each other and with predators. For example, if one tries to “tie to-
gether” oscillators with periods set to the first three prime numbers 
(3, 5 and 7), the resulting signals are very complicated and chaos 
can readily be generated - see figure 1. The design started from 
the most traditional oscillator found in integrated circuits, called the 
“ring oscillator,” which is small and does not require reactive com-
ponents (capacitors and inductors). Such a circuit was modified so 

that the strengths of ring oscillators having three, five and seven 
stages could be controlled independently, along with the tightness 
of their linkages. The device could generate chaotic signals over 
a wide frequency spectrum, from audible frequencies to the radio 
band (1 kHz to 10 MHz).

“Moreover, it could do so at a rather low power consumption, 
below one-millionth of a watt,” explains Dr. Hiroyuki Ito, head of the 
laboratory where the prototype was designed.

Even more remarkable was the discovery that totally different 
types of signals could be generated depending on the slightly 
different characteristics of the individual prototypes - see figure 2. 

For example, the researchers recorded trains of spikes quite 
similar to what is found in biological neurons. They also found situ-
ations in which the rings “fought each other” to the point of almost 
completely suppressing their activity: this phenomenon is called 
“oscillation death.” 

“This circuit draws its beauty from a really essential shape and 
principle, and simplicity is key to realizing large systems operating 
collectively in a harmonious manner, especially when it enriched by 
small differences and imperfections, such as those found in the re-
alized circuits,” says Dr. Ludovico Minati, lead author of the study. 

The team believes in its future ability to be a building block for 
many different applications. They will work on integrating this cir-
cuit with sensors to, for example, measure chemical properties in 
the soil. Additionally, they will create networks of these oscillators 
on single computer chips interconnected in manners that resemble 
biological neural circuits.

Fig. 2: Diagram of the proposed chaotic oscillator circuit, 
wherein the strengths of the ring oscillators and their linkages 
are controlled independently, and its prototype layout (top). 
Examples of three generated signals having rather different 
qualities: cycle amplitude fluctuations, spike trains, and noise 
(bottom). Image courtesy of Ludovico Minati.

Fi. 1: The simple idea underlying the design of the circuit is 
linking together some ring oscillators having lengths equal 
to the smallest odd prime numbers, such as 3, 5 and 7 
(top). Even a simple sum between sine waves having such 
periods yields a complicated-looking signal (bottom), but the 
interactions between real oscillators lead to a much richer 
scenario. Image courtesy of Ludovico Minati.

https://twitter.com/eenewseurope


AK0111_SPMT_TE_IIOT_Print_210x297mm.indd   1 5/30/19   10:10 AM



6   June 2019 www.eenewseurope.com News @eeNewsEurope

COVER STORYNEWS & TECHNOLOGY

SiC MOSFET based Auxiliary Power Supply 
Solution for Industrial Power Converters
By Farhan Beg, Christian Felgemacher, Aly Mashaly ROHM Semiconductor GmbH 

The benefits of Silicon Carbide (SiC) as compared to 
Silicon (Si) with regards to achieving high switching fre-
quencies and low on-state resistance have been widely 

accepted. Most of the benefits are associated with the superior 
material properties of SiC as compared to Si. However, there 
is a general misunderstanding in the engineering community 
that the challenges associated with the design and choice of 
an optimal operating environment (gate driving and the choice 
of passive components) undermines its benefits thus restrict-
ing the usability of SiC devices. To justify the benefits of using 
SiC and to illustrate the simplicity on the application level, a 
100 W Auxiliary Power Solution which is an upgrade to the 
already existing 40 W version has been designed at ROHM and 
available as an evaluation board for engineers. The design is 
based on the ROHM SCT2H12NZ 1700 V SiC MOSFET and the 
BD7682FJ quasi-resonant Flyback controller IC.

Quasi-resonant Flyback Topology  
for use in Auxiliary Power Supply
Continuing the trend of achieving higher efficiencies and reduc-
ing EMI disturbances, todays power electronic engineers are 
often faced with the dilemma of choosing whether to drive the 
MOSFETs at their switching speed limits and hence improve 
the efficiency assuming that the current and voltage spikes are 
properly controlled or to stay far away from the actual switching 
capabilities of the MOSFET in order to ensure agreeability with 
the applicable EMI norms. A Flyback converter based Auxil-
iary Power Supply is often used for its simple design and cost 
effectiveness and the Quasi-resonant mode ensures reduc-
tion in switching losses of the MOSFET, resulting in efficiency 
improvements. A typical power electronic converter consists 
of an auxiliary or housekeeping stage which generates the 
control voltages needed for the proper functioning of the power 
converter. 

Fig. 1 shows a block diagram of a power converter with the 
auxiliary power stage connected to the rectified DC bus. The 
job of the Auxiliary Power Supply unit is to generate the isolated 
voltages (12 V, 24 V) needed for the functioning of the control 
stage and the peripherals in the power converter. Depending on 
the application and the operation conditions, the auxiliary power 
stage could generate either 5 V or 12 V or 24 V. In the case of 
industrial power supplies, the auxiliary power supply typically 
generates 24 V which is either used directly by cooling fans 
and/or is further stepped down to lower voltages using DC-DC 

converters for use by controllers and other peripherals. 

Fig. 2 shows the circuit diagram of a Flyback converter 
with its power stage being fed from the rectified DC bus. The 
rectified DC bus voltage can range from 300 V to 900 V and 
hence the controller for the Flyback converter needs to ensure 
a quasi-resonant operation in the entire range of the input 
voltages. Depending on the input voltage, turns ratio of the 
transformer and the output voltage, the MOSFET may have to 
withstand voltages up to 1500 V. Assuming a safety margin for 
the operation of the MOSFET, a 1700 V MOSFET would be the 
most logical choice for the use as the switching device. Even 
though Silicon MOSFETs/IGBTs with such a high breakdown 
voltage rating are available, the benefits in using SiC MOSFET 
stem from the low on-state resistance and faster switching 
capabilities which leads to efficiency improvements. Efficiency 
improvements have a direct impact in the sizing of the heat 
sink and hence lead to the development of more compact and 
smaller systems. The use of high breakdown voltage MOSFETs 
could be entirely avoided by using a two switch based Flyback 
topology or a series connection of lower voltage Silicon MOS-
FETs. However, this complicates the design and is not accepted 
in the market from the cost point of view. The use of 1700 V SiC 
MOSFETs allows the designer to use the simpler single switch 
based topology and at the same time achieve a higher effi-
ciency performance because superior switching and conduction 
performance of SiC MOSFETs. ROHM Semiconductor offers a 
huge range of 1700 V SiC MOSFETs that are also AEC qualified 
ensuring usability in automotive applications. 

Realization of the 100 W Power Supply using 
SiC and BD7682FJ Flyback Controller IC
The BD7682FJ is a quasi-resonant Flyback controller IC which 
can potentially be used in combination with a wide range of 
SiC MOSFETs available in the market. The BD7682FJ IC takes 
care of the control of the circuit and also maintains suitable gate 
driving of the SiC MOSFET while ensuring gate clamp and over-
load protection features for the SiC MOSFET. Fig. 3 shows the 
main circuit for the Aux. Power Supply unit as obtained by the 
combination of SiC MOSFET and the BD7682FJ controller IC. 
The 100 W 24 V output Evaluation Board is based on the circuit 
in Fig. 3 and the final assembly is shown in Fig. 4. The assembly 
in Fig. 4 is the final product that can be used for testing pur-
poses. The BD7682FJ controller IC is used to drive the 1700 V 

Fig. 1: Block Diagram of a Power Converter

Fig. 2: Flyback Converter as an Auxiliary Power Unit

https://twitter.com/eenewseurope
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SiC MOSFET (SCT2H12NZ) in a quasi-resonant mode which 
minimizes the switching losses and helps to keep the EMI low. 
Higher efficiencies at light load conditions are ensured because 
of the controllers burst mode operation and a frequency reduc-
tion capability. 

Fig. 5 shows the waveforms of the power supply under differ-
ent load conditions. At light load conditions (not shown in the 
figure), the controller switches the MOSFET in a burst mode in 
order to improve the efficiency and at higher loads the MOSFET 
is switched at the valley of the oscillating voltage in order to re-
duce the switching losses. At very high load conditions the fre-
quency decreases slightly to allow an increase in the on-time of 
the primary switch. Above the maximum power limit set by the 
current sense resistors, the over-current protection is enabled in 
order to protect the system from overheating. 

Fig. 6 shows the efficiency plot of the converter over a wide 
range of operating conditions. As expected the efficiency 
increases with increase in output power but shows a marginal 
decrease with the increase in input voltage. For this circuit the 
switching losses of the SiC MOSFET increase with an increase 
in the input voltage, the worst switching loss condition for the 
MOSFET being at 900 V input voltage. Overall, a peak efficiency 
of 92 % is obtained which proves the benefits of using SiC in 
this application.  Fig. 7 shows the case temperature of the SiC 
MOSFET which was measured to be 98 ⁰C at an input voltage 
of 900 V resulting in a junction temperature far less than the al-
lowed maximum junction temperature of 175 ⁰C.

The current version of the Evaluation Board allows operation 
with DC input voltages in the range of 300 V to 900 V. With the 
addition of a rectification stage at the input of the PCB can also 
be operated with a 3 phase AC supply of 400/480 V. For the 
final application however, appropriate filtering also needs to be 
implemented to adhere to the applicable EMI norms. 

The use of SiC allowed the development of an efficient and a 
simple auxiliary power supply as compared to Silicon based de-
sign. Recently ROHM Semiconductor announced the addition 
of 4 new ICs in its portfolio of AC/DC controller with an inte-
grated 1700 V 4 A SiC MOSFET. The development of these ICs 
makes the design of an Auxiliary Power Supply much simpler as 
the passives surrounding the IC can be easily chosen based on 
certain design steps. These integrated SiC FET ICs are available 
in the TO220-6M package as shown in Fig. 8 and are the latest 
in the list of the quasi-resonant controllers which allow a very 
high flexibility in the design. 

In the future, 
an application 
note with detailed 
description of 
the circuit will be 
released for the 
100 W 24 V output 
evaluation board 
with a correspond-
ing component 
list. The evalua-
tion board for the 
auxiliary power 

supply unit can be obtained by contacting ROHM Semiconduc-
tor directly. 
http://www.rohm.com

Fig. 3: Circuit Diagram of BD7682FJ and SCT2H12NZ 1700 V 
SiC MOSFET

Fig. 4: Final Assembled Evaluation Board

Fig. 5: Waveforms for different Load Conditions

 Fig. 6: Efficiency Waveform for different Power and Input 
Conditions

 Fig. 7: Case Temperature of the SiC MOSFET

  Fig. 8: AC/DC 
Controller IC with an 
Integrated 1700 V 
SiC MOSFET

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


8   June 2019 www.eenewseurope.com News @eeNewsEurope

NEXT DESIGN NODENEWS & TECHNOLOGY

Here comes the forksheet transistor, says IMEC
By Peter Clarke

The forksheet transistor is what might come after the Fin-
FET and the nanosheet transistor, according to IMEC. It is 
so named because of its complex bilateral finned struc-

ture. The example shown above occupies five tracks of metal 
and has a buried power rail (BPR).

Julien Ryckaert, program director of 3D hybrid scaling, dis-
cussed the potential roadmap for transistor development down 
to 2nm and beyond at the IMEC Technology Forum. He sug-
gested the forksheet could come into deployment at a nominal 
2nm node. This would be ahead of the nanosheet-based and 
vertically staked complementary FET (CFET), another idea that 
has previously been touted by IMEC.

However, there remains uncertainty as to whether any or all 

of the three remaining leading-edge semiconductor companies 
will adopt which of these technically demanding and therefore 
expensive schemes to achieve higher performance-power-area 
(PPA) trade-offs.

The three companies that remain in the leading-edge logic 
game are Intel, Samsung and Taiwan Semiconductor Manufac-
turing Co. Ltd.

The questions over adoption are key because at 1nm IMEC 
is foreseeing a move to radically different device concepts 
and new functionalities to meet new applications. To make the 
adoption of a novel device structure worthwhile it really needs 
to be more long-lived than a single production node. So a move 
to the forksheet or the CFET for one generation of miniaturiza-
tion may not be economic or provide enough time for the sup-
porting ecosystem to develop.

So, a company that sticks with incremental improvements 
on the FinFET could win out over the company that goes for the 
forksheet or the CFET. On such bets vast fortunes could be won 
or lost.

That said the 3nm and 2nm nodes are likely to be very long 
lived with numerous + and ++ enhancements along the way in 
terms of configurations and materials tweaks.

IMEC was working on the stacked nanowire and nanosheet 
transistor back in the mid part of this decade and garnered in-
terest from both Samsung and Globalfoundries. Globalfoundries 
has subsequently dropped out of the leading-edge chip manu-
facturing race but Samsung has just released its first physical 
design kit for a nanosheet process at a nominal 3nm node.

TSMC, arguably the most advanced chip manufacturer, has 
been a leading proponent and adherent of the FinFET and has 
yet to say anything about deviating from that way of making 
transistors. TSMC has started manufacturing at a nominal 7nm 
for leading customers with 6nm and 5nm processes available 
for design work. Intel, the one-time leader in semiconductor 
manufacturing, has seen itself overtaken in the chip miniaturiza-

tion race. The company appears to have had problems getting 
processes to yield and is still manufacturing on its 14nm FinFET 
process – codenamed 1272 – with 10nm FinFET processors 
now not due until late 2019 and 2020. Intel’s 10nm process is 
codenamed 1274. The 7nm process, designated 1276 is due to 
arrive in 2021.

Another consideration is that the extreme cost of minia-
turization and effective slowing of Moore’s law to a crawl has 
forced R&D attention on to various forms of 3D stacking and 
heterogeneous design partitioning. If the infrastructure matures 
to support this it may yield (PPA) improvements at much lower 
development cost, making exotic transistor choices moot.

“The FinFET is a 3D structure and the CFET seems to be the 
ultimate compact CMOS structure,” Ryckaert,” told press at a 
meeting on ahead of the IMEC Technology Forum in Antwerp. 
“Traditionally power was provided through the back-end-of-line 
[higher metal layers in the IC structure] but we may now see a 
move to buried power rails accessed from the wafer backside,” 
he added.

Ryckaert portrayed the roadmap as FinFET moving to 
nanosheet FET or gate-all-around structures for improved elec-
trostatics and variable gate width. P and N transistors would be 
laterally separated.

Nanosheet would then change to the so-called Forksheet as 
this would reduce the P and N separation and gate capacitance, 
although it would see a return to the gate being on three-sides 
of the channel. Ryckaert said that in a paper exercise IMEC 
had calculated a 10 percent performance improvement for the 
forksheet over nanosheet at the same area.

Natural evolution from fin to fork. Source: IMEC.

Roadmap with potential intrusions of germanium and 
sequential 3D processing. Source: IMEC.

A forksheet 
transistor with five 
tracks of metal and 
a buried power rail 
(BPR).
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Backside of the wafer promises  
3D chip improvements
By Peter Clarke

European research institute IMEC has identified several 
innovations that could help establish 3D integration of 
circuits as the new normal at geometries below 10nm.

IMEC fellow Eric Beyne, 3D program director, and Julien 
Ryckaert, program director of 3D hybrid scaling, laid on the 
numerous options that are either already pursued commercially, 
or could be soon, in a meeting with press ahead of the IMEC 
Tecnology Forum.

With the increased difficulty of planar miniaturization inte-
gration in 3D has been pushing its way on to the agenda for a 
number of years. However, a lack of support for 3D design from 
EDA companies has somewhat hampered adoption. In addition, 
such developments as CoWoS [chip-on-wafer-on-substrate] 
and InFO [Integrated Fan-Out] packaging offered by TSMC 
while offering high-performance integration have only appealed 
to a few customers.

As a result the volume of manufacturing that would drive 
EDA companies and packaging companies to support the tech-
nology has been hard to achieve. However, the exponentially 
increasing cost of planar integration is compelling the search for 
alternatives. This is one of the things that is driving the increas-
ing adoption of 2.5D integration for logic and memory.

Beyne portrayed a spectrum of 3D integration opportunities 
that spans eight orders of magnitude for 
circuit interconnect pitch density from the 
millimeter scale to the nanometer scale.

The highest-level technique is the stack-
ing of packaged components. Next is the 
use of multiple die in a single package using 
a passive interposer, this is known as 2.5D 
integration. Next is die-stacking using mi-
crobumps, which is at about the same level 
of interconnect density as wafer-to-wafer 
bonding prior to dicing. Beyond this we 
enter the realms of in-fab processes such as 
wafer-to-wafer sequential processing and transistor stacking.

Some transistor stacking has been attempted in the com-
mercial world with 3D NAND memory with up to 96 layers being 
the most obvious, but a specialized, example.

Beyne and Ryckaert laid out a few of the ideas that are start-
ing to look promising at IMEC at the more 
aggressive end of that spectrum. 

One is functional partitioning and wafer-
to-wafer bonding. This would allow memory 
to be manufactured in a memory-optimized 
process on one wafer and core logic to be 
manufactured on another with a potential 
reduction in die area and an obvious reduc-
tion in footprint. It also allows functional 
memory to be positioned in close proximity 
to the logic it serves, resulting in increased 
performance at reduced power consump-
tion. However, to achieve these benefits does require support 
from EDA firms.

A second refinement proposed by IMEC is the used of back-
side power delivery networks (BPN). 

Conventionally all signal and 
power interconnect is done through 
back-end-of-line (BEOL) processing 
on the front-side of the wafer.

This would require thinning of 
wafers to about 500nm to expose nanometer-scale through 
silicon vias (nTSVs). Moving BEOL power distribution to the sili-
con backside allows direct delivery to the standard cells, would 
enhance system performance, increase chip area utilization and 
reduce BEOL complexity, Beyne said.

“We are working with EDA companies on full sign-off [of 3D 
integrated circuits]. There is a good path there,” said Beyne. 
He added that the reliability of nanoTSVs with dimensions of 
250nm by 180nm and depth of 500nm is approaching that of 
conventional BEOL.

Ryckaert picked up the story from the IC manufacturing 
point of view. “We will probably run out of room to pack devices 
closer together. So we need to go higher to gain density,” he 
said.

While sequential 3D processing to lay down multiple layers of 
circuits is possible there are often concerns about high tem-
perature processes and their impact on previously characterized 
layers. In addition power delivery on very complex 2D circuits 

requires very fat lines to distribute power to 
core logic and SRAM.

Making use of the backside shows great 
appeal, he said. “Maintaining SRAM per-
formance will be very challenging down to 
iN5 [IMEC 5nm node],” he added indicating 
that the benefits of less metal layers, less 
congestion and improved IR drop could 
help maintain SRAM performance.

This functional backside technology is 
under development at IMEC as part of the 
3D program and electrical results are on 

target. IMEC has demonstrated the use of microTSVs.
Ryckaert added that functional backside processing can 

be seen as a pseudo sequential 3D processing but that offers 
double-sided BEOL. Although separating signal and power has 
a simple appeal functional backside processing could also be 

used for other things such as clock and 
internal bus distribution; the addition of MiM 
capacitors, IGZO devices and non-volatile 
memory and I/O.

When asked if MRAM could be a 
replacement for SRAM in such 3D assem-
bly schemes, Ryckaert said: “We believe 
in non-volatile memory. SRAM could be 
replaced with something although MRAM 
would tend to go in the BEOL. But just us-
ing the backside for MiM capacitors could 
produce a tremendous improvement.

BEOL = back end of line; PDN = power distribution network; 
uTSV = micro through silicon via; BPR = buried power rail; W2W 
= wafer-to-wafer.

The 3D interconnect technology 
landscape. Source: IMEC

Different forms of 3D that may evolve 
from standard frontside processing. 
Source: IMEC. 
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In the shadow of the volcano
By Nick Flaherty

It might seem strange to build a wafer fab in the shadow of 
an active volcano, but the semiconductor fab in Catania on 
the Italian island of Sicily has always been somewhat unex-

pected. 
Since 1991 it has been developing the next generation of 

power technology using silicon carbide, (SiC). The 1-inch wafers 
are now 6-inch in diameter with planar transistors for volume 
production. Vertical transistors and 8-inch wafers are on the 
way.  

This has taken significant changes in the technology used 
in the fab. SiC wafers are transparent and much harder than 
the silicon counterparts. This needs new sensing systems and 
provides more challenges in getting thinner devices with lower 
on-resistance and higher performance, as well as wafers with 
lower defects.

These devices are aimed at a wide range of high power ap-
plications, from electric traction motors to solar inverters that 
will see dramatic growth over the next decade. These devices 
also deliver more efficient motors across the Internet of Things 
(IoT). ST aims to dominate the supply of these devices and 
Catania is at the heart of this push. 

The plant was opened in 1961 by ATES to supply under 
licensing to RCA in the US and initially using Germanium. ATES 
merged with SGS in 1971 and then became SGS-Thomson. It 
now employs over 4500 people, half in manufacturing and 1000 
in research and development and product development.

The location meant that the fab was built with protection 
against vibration from earthquakes right from the start, unusual 
in early fabs. But it has been the wider eco-system of research 
labs and a university that supplies a highly educated workforce 
that has been key to the development of the site.

“Catania is one of the most famous competence centres in 
ST with R&D, product design and manufacturing, with 6in and 
8in fabs, an SiC fab and an ecosystem with the university for 
R&D,” said Jean Marc Chery, chief executive of STMicroelec-
tronics.  This model was copied at fabs in Tour in France and 
also in Grenoble, he said.

This has led to Catania becoming a key plant for the com-
pany as it shifts its focus. “Revisiting our strategic plan we have 
decided to add power management to IoT and smart driving at 
the top of our priorities,” said Chery.

“We considered power devices as enablers of smart infra-
structure and smart home but the management team of ST has 
decided that power management is a key driver for the future 
for wide bandgap materials. This is a game changer in the field 
of high voltage power devices and ST as a pioneer of this tech-
nology wants to go very fast and take a lead in this, with a high 
level of market share well above 30%,” he said

ST sees the market $3bn in 2025 and over $10bn in the 
next decade, so there is a huge opportunity, and significant 
investment. “ST definitely want to be the leader in high voltage 
devices,” said Chery. 

“If you project 30 years from now 50% of power will be SiC 
so you see the market will be huge,” said Marco Monti, presi-
dent of the Automotive and Discrete Group.

The plant made IGBT power devices in the 1980s, and in 
1991 started the research into SiC. Combining silicon and 
carbon in the wafers supports much higher levels of doping in 
the power devices, enabling higher voltages up to 1700V, three 

times the thermal conductivity and 1/300th the on resistance of 
silicon devices. 

“Catania is not so well known but it is a real ecosystem in 
power technologies,” said Monti, who started out in ST’s Cen-
tral R&D in 1986 and has been head of ST’s Automotive Product 
Group since 2012. His mandate was expanded to include dis-
crete and power transistor products in January 2016.

“We have around ST a network of R&D centres, including 
INFN (Laboratori Nazionali del Sud) and CNR (the Italian Na-
tional Research Council) working on power technology not just 
to develop IP on power technology but an exchange of people 
to boost our work on SiC and many people here today are com-
ing from these organisations,” he said.

This has been backed up with the latest analysis equipment 
such as a $5m sub-angstom resolution microscope called the 
ARM200 for analysing the materials. There is also a 700m2 joint 
lab with CNR on the site running a small clean room and several 
labs where they study and characterise the basic materials. All 
this has led to significant intellectual property, with over 140 
patents from Catania in 2018.

One of the challenges to overcome is that SiC is more 
expensive in the manufacturing process, and analyst estimates 
put the extra cost of using SiC for a vehicle at $300. However, 
Monti points to savings of $2000 in the overall car as you can 
save $600 in battery costs and save $600 in space and reduce 
the cooling system of the car by $1000, and charge the car 
quicker.  

For a solar inverter, SIC allows a switching frequency five 
times higher, making the inverter 70 % smaller and 80 percent 
lighter, saving 50% on the installation cost. 

“SiC is a cluster of technologies. 650V, 1200V and 1700V are 
all in production. Because of the usage the major use is 650V 
and 1200V and this is the way we usually do technology,” he 
said. Today the limitation on the volume that can ship is on the 
substrate, hence the focus on the supply and size of the SiC 
wafers. The manufacturing process is challenging, with silicon 
ingots sublimated with carbon at 2700 degrees centigrade. 

The first manufacturing team in 1961, made up largely 
of women with current Group Vice President, Front end 
Manufacturing Catania Wafer Fab Operation General Manager 
Paolo Lanza.

https://twitter.com/eenewseurope
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Slicing the wafers is also a challenge as the material is 9 on the 
Mohs scale of hardness, just below diamond at 10. This also 
gives significant challenges on cutting and polishing the wafers. 
The wafers are thinned to between 280um and 450um, com-
pared to 60um for silicon wafers, showing the challenge.

The power devices use 4H-N SiC substrates, and ST has 
a long term supply agreement with Cree for the wafers and 
ST has plans for vertical integration. It recently took a majority 
stake in a Swedish SiC wafer supplier called Norstel. 

“Cutting and polishing is a challenge,” said Monti. “Today 
we purchase the wafers but through Norstel our ambition is to 
be vertically integrated and have this fully in house,” he said. 
ST has not confirmed where the current SiC wafers come from 
except for the deal last year with Cree. 

“We have an internal plan on what we would like to do with 
Norstel and the ambition is to have multiple sources which 
is why the alliance with Cree is extremely important and will 
continue for many years,” said Monti. “This is why we have 
6inch wafers and we want to push the limit to 8inch. When, I still 
cannot tell you, but after 2025, and we are pushing our partners 
to do R&D on 8in.”

Then there is the epitaxy, lithography and wafer processing 
to create the power devices. 

“SiC is a difficult material in manufacturing,” he said. “The 
first reason is that it is intrinsically defective with crystal defects, 
and that is why manufacturing is so important. It’s very impor-
tant to manufacture the SiC in the right way. It’s also very hard, 
so much higher temperatures are required.”

The defects in the wafer that come from the stresses of 
slicing are a critical factor in the development of power de-
vices. Wafer makers have moved the defects further down the 
thickness of the wafer, which works for planar devices that 
are across the surface of the wafer. Moving to vertical devices 
would provide significantly higher volume from each wafer if the 
wafer defects can be addressed.  

“Now we are qualifying the trench technology,” said Monti, 
“and we will convert next year to all trench manufacturing – run-

ning the two, trench and planar, in parallel.” This is because the 
planar devices already being supplied for automotive applica-
tions will have to be supplied and supported for many years to 
come. The company already supplies eight European car mak-
ers with SiC devices and there are 20 car makers in the pipeline 
for 2019 to 2020.

He also points to the increasing demand for modules that 
combine the power devices with the silicon controllers. This is 
more of a packaging issue. “The fact that we do R&D on silicon 
and packaging at the same site is an advantage,” he said. 

The plant at Catania has of course evolved over the years. 
The 6in line handles silicon lithography at 350nm for power 
devices and 70 per cent of the output goes to automotive, while 
the current 8in line, called M5, is at 110nm. The M9 extension to 
the 8in fab now supports 65nm production, but the SiC produc-
tion is currently on a 350nm process. 

“ST is making big efforts to increase the automation of our 
fab, we were the first site in ST using AI with a big data tool to 
boost quality,” said Paolo Lanza, executive manager for front 
end manufacturing at the plant.

This allows the detection of anomalies in real time, as the 
system autonomously learns the normal state of the system and 
identifies if a parameter is drifting from normal operation. This 
eliminates abnormal die and pushes to zero defects. “We gain in 
yield but we gain much more in quality,” said Lanza. 

SiC requires changes to the production process as the wa-
fers are transparent, rather than reflective. This meant working 
with the semiconductor equipment makers to modify the sen-
sors that detect the wafers.  Unlike Intel, which has a specific 
tool flow and set suppliers across all its fabs, ST uses tools 

300mm SiC wafers in the Catania fab.

Inside the plasma deposition section of the Catania SiC fab.

https://www.facebook.com/EENews-Europe-264480083592516/
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from a wider range of suppliers. For example its lithography 
tools come from both Canon and Nikon. 

Lanza is also pushing work on the wafer defects. “Our 
suppliers are at the beginning of the learning curve for wafer 
defects, and they limit the defects to the back so they are not in 
the active area.” 

“We developed standard equipment for the 6in line, and that 
co-development is still in place, but we have to prepare the 
equipment for 8in and be compatible with the 6in line. We hope 
to internally accelerate to develop the process to limit the diffu-
sion of the defects into the epi layer,” he said. 

If all goes to plan, Catania will be a key source of SiC devices 
for a wide range of automotive and smart power designs, taking 
the site into the next stage of its evolution, despite the volcano 
on its doorstep.

STMicroelectronics charts path to $12bn
By Nick Flaherty

The management team at STMicroelectronics has charted 
its path to reach its target of a $12bn in the next two 
years through power devices, 5G and the Internet of 

Things.
“Silicon carbide and soon gallium nitride will be a differentia-

tor – but we are also developing on IGBT and expanding our 
offer on power modules,” said Jean-Marc Chery, president and 
CEO of STMicroelectronics, as the company predicts a turnover 
of between $9.45 and $9.85bn this year.

But this comes as the industry faces a slowdown that is chal-
lenging to hit the advice that the previous CEO, Carlo Bozotti 
gave to Chery to hit $12bn.

“Since the second half of last year we have witnessed some 
weakness in the market, particularly a slowdown in China for 
our general purpose microcontrollers, and as a result inventory 
started to build up in our distribution channel. As we entered 
2019 some economies started to deteriorate,” said Lorenzo 
Grandi, chief financial officer of STMicroelectronics.

“After two strong years of revenue growth we see 2019 as a 
temporary pause,” he said. “We expect improved market condi-
tions in the second half of the year.”

“The demand is there, but OEMs and distributors are in an 
inventory correction,” Chery told analysts in London. “It’s more 
a mood where people are cautious on overall inventory levels 
which makes us confident that the end demand is there and we 

will have the recovery of the market in H2.”
ST has added new areas such as 5G radio front end chips, 

both at sub 6GHz and 24GHz for a wide range of applications. It 
has been offering its 28nm FD-SOI process to smartphone mak-
ers, and is looking at its own devices for automotive vehicle-
to-X (V2X) links, sub-GHz 5G industrial wireless for the IoT and 
even 5G low earth orbit satellite systems at 24GHz. It has also 
added phase change memory to its automotive chips as do-
main controllers to replace numerous electronic control units.  

The company is investing in capacity with a new 300mm fab 
at Agrate in Italy as well as a new production plant in Asia. It is 
also taking over the fab in Singapore formerly run by Micron, 
but is cutting production to reduce inventory.

“5G is a particular game changer here and a great opportu-
nity for ST across all the market we target,” said Marco Cassis, 
vice president of sales for STMicroelectronics. “We are now in 
the soft part of the semiconductor market, but beyond 2019 
automotive and industrial are forecast to grow 6 to 8% and are 
60 % of revenues. Automotive electrification and digitalisation 
are driving much faster content growth than the growth in the 
market.”

All of this will lead to the $12bn target. “If we assume the 
market grows 4 to 5% over the next years we believe we can 
achieve this by the second half of 2021 or 2022,” said Grandi.

ST’s SiC fab in Catania, Sicily. 

https://twitter.com/eenewseurope
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Experimental, next-generation  
atomic clock cuts size
By Jean-Pierre Joosting

A much smaller than usual, experimental, next-generation 
atomic clock that ‘ticks’ at high “optical” frequencies is 
made of just three small chips plus supporting electron-

ics and optics.
Demonstrated by physicists at the National 

Institute of Standards and Technology (NIST) 
and described in Optica, the chip-scale atomic 
clock is based on the vibrations (or “ticks”) 
of rubidium atoms confined in a tiny glass 
container, called a vapor cell, on a chip. Two 
frequency combs on chips act like gears to 
link the atoms’ high-frequency optical ticks to 
a lower, widely used microwave frequency that 
can be used in applications.

The chip-based heart of the new clock 
requires very little power (just 275 milliwatts) 
and, with additional technology advances, 
could potentially be made small enough to be 
handheld. Chip-scale optical clocks like this 
could eventually replace traditional oscillators 
in applications such as navigation systems and 
telecommunications networks and serve as 
backup clocks on satellites.

The chip-based optical clock developed by 
NIST has an instability of 1.7x10−13 at 4,000 
seconds – about 100 times better than the 
chip-scale microwave clock.

“We made an optical atomic clock in which 
all key components are microfabricated and 
work together to produce an exceptionally 
stable output,” NIST Fellow John Kitching 
said. “Ultimately, we expect this work to lead 
to small, low-power clocks that are exception-
ally stable and will bring a new generation of 
accurate timing to portable, battery-operated 
devices.”

The clock was built at NIST with help from the California 
Institute of Technology (Pasadena, CA), Stanford University 
(Stanford, CA) and Charles Stark Draper Laboratories (Cam-
bridge, MA).

Standard atomic clocks operate at microwave frequencies, 
based on the natural vibrations of the cesium atom – the pri-
mary definition of the second. Optical atomic clocks, running at 
higher frequencies, offer greater precision because they divide 
time into smaller units and have a high “quality factor,” which 
reflects how long the atoms can tick on their own, without 
outside help. Optical clocks are expected to be the basis for a 
future redefinition of the second.

In the original chip-scale atomic clock from NIST, the atoms 
were probed with a microwave frequency. Commercial versions 
of this clock have become an industry standard for portable ap-
plications requiring high timing stability. However, they require 
initial calibration and their frequency can drift over time, result-
ing in significant timing errors.

Compact optical clocks are a possible step up. Until now, 
optical clocks have been bulky and complex, operated only as 

experiments by metrological institutions and universities.
Optical ticks in rubidium have been studied extensively for 

use as frequency standards and are accurate enough to be 

used as length standards. The rubidium vapor cell and the two 
frequency combs are microfabricated in the same way as com-
puter chips. This means they could support further integration 
of electronics and optics and could be mass produced – a path 
toward commercially viable, compact optical clocks.

The clock works as follows: The rubidium atoms tick at an 
optical frequency in the terahertz (THz) band. This ticking is 
used to stabilize an infrared laser, called a clock laser, which is 
converted to a gigahertz (GHz) microwave clock signal by two 
frequency combs acting like gears. One comb, operating at a 
THz frequency, spans a broad enough range to stabilize itself. 
The THz comb is synchronized with a GHz frequency comb, 
which is used as a finely spaced ruler locked to the clock laser. 
The clock thus produces a GHz microwave electrical signal – 
which can be measured by conventional electronics – that is 
stabilized to the rubidium’s THz vibrations.

In the future, the chip-based clock’s stability may be im-
proved with low-noise lasers and its size reduced with more 
sophisticated optical and electronic integration.

The work is funded by the Defense Advanced Research Proj-
ects Agency and the NIST on a Chip program.

The heart of NIST’s next-generation miniature atomic clock – ticking at high 
‘optical’ frequencies – is this vapor cell on a chip, shown next to a coffee bean 
for scale. The glass cell (the square window in the chip) contains rubidium atoms, 
whose vibrations provide the clock ‘ticks.’ The entire clock consists of three 
microfabricated chips plus supporting electronics and optics. Image courtesy of 
Hummon/NIST

https://www.facebook.com/EENews-Europe-264480083592516/
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Charge-storing threads turn fabric  
into supercapacitor
By Bill Schweber 

Researchers combined conductive threads with a polymer 
film to create a flexible mesh of electrodes on a textile 
backing that functions as a supercapacitor. 

Using textiles and fabrics for harvesting power, storing energy, 
and bio-sensing makes sense—after all, everyone wears a shirt. 
A team at the University of Mas-
sachusetts has developed a way 
to combine vapor-coated conduc-
tive threads with a polymer film, 
via a special sewing technique, to 
create a flexible mesh of aligned 
electrodes on a textile back-
ing. The result is what they call a 
distributed micro-supercapacitor 
(MSC) that can store charge and 
thus power biosensors and related 
devices.

The team, led by Chemistry 
Professor Trisha L. Andrew (direc-
tor of the UMass Wearable Elec-
tronics Lab), devised a process 
that creates porous, conducting 
polymer films on densely twisted 
yarns. These can then be swelled 
with electrolyte ions to maintain a 
charge-storage capacity per unit 
length, which is much higher than 
prior efforts achieved with dyed or 
extruded fibers. In this technique, 
conductive threads are vapor-
coated with a p-doped conducting 
polymer film, which then can be 
sewn onto as a path onto stretchy 
textile.

Each electrode is made of two 
stainless-steel threads coated with 
p-doped poly(3,4-ethylenedioxy-
thiophene) material (PEDOT-Cl) 
and stacked to form a 3D archi-
tecture with 5 mm length, 0.6 mm 
width, and 1.2 mm height. Then 
a gel electrolyte is deposited over 
the electrodes to insulate them 
and prevent inter-electrode contact 
(Fig. 1). Before the electrolyte 
fully solidifies, the pre-stretched 
substrate is released and the gel 
wrinkles; this prevents folding-
induced microcracks and yields a 
compact, pliable device.

It’s critical to minimize the 
pacing between the electrode fingers to maximum charge stor-
age. However, the “fuzziness” of the threads makes this difficult, 
because “microfibirals” of the stainless-steel thread stick out 
and thus short-circuit to adjacent electrodes. To overcome this 
problem, the substrate textile is a stretchable material and it’s pre-

stretched as the six 
interdigitated electrode 
fingers are sewn, with 
adjacent electrodes 
separated by two 

threads of the substrate textile.
The result is an extensive 

3D array of compactly aligned 
electrodes with the electrode 
dimensions defined by the knit 
structure of the textile backing 
(Fig. 2). The supercapacitor has 
areal capacitance of 80 mF/cm2. 
Energy density was 11 μW-hr/cm2 
with a polymer gel electrolyte and 
34 μW-hr/cm2 with an ionic liquid 
electrolyte, enough to power many 
wearable biosensors.

Tolerance to extreme me-
chanical distortions is obviously 
important for wearable charge 
storage technologies, which are 
subjected to constant movements 
and deformations. These textile 

MSCs are also super-deformable with relatively 
unchanged electrochemical performance even 
after fully rolling-up the device.

The researchers report that the capacitance 
of the device is surprisingly and reproducibly 
recoverable: After the first 4000 cycles, 71% of 
the initial capacitance is retained, and it recov-
ered to 93% after a 12-hour no-operation period. 
After another 4000 cycles, the capacitance again 
shows a 71% capacitance retention, which re-
covers to 93% after another 12-hour rest period. 
They speculate that one possible reason for 
this behavior is the redistribution of unbalanced 
charges in the solid-state device during the rest 
period.

The team noted that “incorporating electro-
chemically active materials with high electrical 
conductivities and rapid ion transport into textiles 
is challenging. With this paper, we show that we 
can literally embroider a charge-storing pat-
tern onto any garment using the vapor-coated 
threads that our lab makes. This opens the door 
for simply sewing circuits on self-powered smart 
garments.”

Their detailed research paper “High Energy 
Density, Super-Deformable, Garment-Integrated 
Microsupercapacitors for Powering Wearable 

Electronics” was published in the Applied Materials Interfaces 
journal of the American Chemical Society, and the project was 
supported by the David and Lucille Packard Foundation.
This article was first published in Electronic Design -  
www.electronicdesign.com 

Fig. 1: Fabrication and electrochemical characterization 
of textile MSCs. Shown is the schematic illustration of the 
device fabrication sequence (a). Also illustrated are CV 
curves of textile MSCs with PVA/H2SO4 gel electrolyte (c) and 
EMIMBF4 ionic liquid electrolyte (Source: UMass Wearable 
Electronics Lab)

Fig. 2: Pictures of the textile MSC subjected to 
various mechanical distortions (a); galvanostatic 
charge/discharge curves measured as the 
device was bent, twisted, or rolled up—the 
charge/discharge curves of the deformed 
device resemble that of a flat device (b); cycle 
stability of the textile MSC measured at a fast 
scan rate of 7 mA/cm2 (c); areal “Ragone” plot 
comparing the textile MSC reported here to 
other state-of-the-art flexible MSC. (Source: 
UMass Wearable Electronics Lab)
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Stretchable conductive pastes:  
a challenging market segmentation
By Dr Khasha Ghaffarzadeh

Stretchable conductive inks have been in the commer-
cialization mode for multiple years now. Arguably, it all 
started as a technology push. The big trend at the time 

was wearable technology and e-textiles. And, naturally, ink and 
paste suppliers did not want to be left behind. 

Compelling proposition
Conductive ink technology can offer a compelling proposition to 
this market. It is intrinsically an adaptable technology. This is an 
important capability because 
the requirements are varied 
and, in most cases, unknown 
even by the users. In fact, 
many variables exist including 
the substrate of choice, the 
degree of stretchability, the 
washability, the conductivity 
level, the cost, and so on. 

An important advantage of 
ink technology is that it can 
be customized to cater to a 
broad spectrum of needs. This 
is a technological advantage 
that outperforms alternative 
choices with rigid and fixed 
performance characteristics. 
To exploit this, the suppliers should develop the organization 
capability and mindset to offer customized solutions. 

Ink solutions can also be applied after a textile product has 
been manufactured following normal processes. In other words, 
the integration of the paste-based electronics need not inter-
fere with the production of the textile part itself. This is possible 
because inks could be laminated, and heat transferred much as 
graphics are today. There is also ongoing innovation on the use 
of sacrificial layers. 

Market and technology challenges
An ink or paste however is not a final product. To commercial-
ize these solutions, the value chain therefore had to be first 
established. This has been (almost inevitably) a slow process. 
The product ideas have often been vague with uncertain pros-
pects. This increases the risk of ink suppliers to go all-in into the 
development process. The paste amount per item is also small 
and likely to remain so. Inevitably, this necessitates a business 
model in which the ink is used across millions of items devel-
oped and sold by many. 

The market exploration and segmentation phase was, and is 
not, straightforward. The paste-based solution is not a replace-
ment of an existing component. New products need to be 
designed, created, and commercialized. This demand creation 
process requires patience as well as the organizational capabil-
ity to conduct detailed strategic market segmentations. 

The process is further complicated by the fact that a single 
product will not win the day. It might act as a catalyst and a 
useful market reference, but more wins will be needed. In fact, 
a robust sustained and diverse pipeline of successful products 
will be needed. This is inevitable because paste content per 
item is low and products themselves can be short-lived. 

Furthermore, the textile market itself is diverse. Indeed, many 
at first have focused on wearable consumer textiles, neglect-
ing other opportunities that might lie in the rear view including 

protective clothing, 
automotive textiles, 
and many other areas. 
Despite these chal-
lenges, the ultimate 
prize remains at-
tractive because the 
textile market is enor-
mous and fast paced 
with rapid product 
development cycles 
and a highly respon-
sive value chain. 

The ink technology 
itself was and is not 
a finished or perfect 

product. At first, the inks’ conductivity changed too much with 
elongation. This change was also non-linear showing significant 
hysteresis. The inks were not really washable or that washability 
was very limited. In addition, the solutions were not elegant. The 
inks were applied on a planarizing plastic like TPU and then en-
capsulated after curing. As such, there was no, and there is still 
largely no, direct on-textile printing. The price is also an issue 
limiting the user to cases where the value can be justified. 

The state of progress thus far
Despite these challenges, progress has been steady. The sup-
plier base is now global and broad. This helps with the market 
exploration phase as it accelerates the market seeding phase 
and the suppliers collectively are likely to conduct a more effec-
tive strategic market segmentation. The value chain is also bet-
ter established, and the users are somewhat more familiar with 
the reality vs the hype of e-textiles and are now better able to 
assess different enabling solutions. Indeed, our forecasts sug-
gest that the e-textile market itself will grow in the medium and 
long term, thus lifting the market for all supply components too.

Furthermore, the progress is evident in the number of pro-
totypes and products being launched. The image below shows 
a few examples. The applications are diverse but seem to co-
alesce around a few specific functionalities. The most prominent 
is using stretchable Ag pastes as high-conductivity stretchable 
dry sensor electrodes. The first use cases were for measuring 
ECG and other signals in fitness clothing or in animals and now 
further use cases, e.g., monitoring pregnancy, are emerging. 
Given the diversity of the textile market, it may be that the first 

Left: snapshot of the market split in e-textiles in 2018. It shows that the 
majority of the market lies outside consumer use cases, e.g., fashion 
and sports/fitness. Right: Trend in growth of e-textiles. Source: IDTechEx 
Research. 

Dr Khasha Ghaffarzadeh is Research Director at IDTechEx 
Research - www.IDTechEx.com 
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major success stories emerge in 
sectors outside consumer e-textiles, 
e.g., automotive.

In general, the market is still 
growing only in trickles. The wait 
for the major success story that will 
catalyse growth still goes on. Given 
the state of the technology and the 
experience of the industry, however, 
it is reasonable to think that such a 
win will arrive in the near future and 
that 2021/2022 can reasonably be 
considered as inflection years. 

You can learn more about 
stretchable conductive pastes by 
consulting IDTechEx’s latest report 
“Conductive Ink Markets 2019-
2029: Forecasts, Technologies, Players”, which offers a com-
prehensive and authoritative view of the conductive inks and 
paste market, with detailed ten-year market forecasts segment-
ed by application and material type. The market forecasts are 
given in tonnage and value at the ink level. It provides a detailed 

assessment of more than 25 application sectors. It analyses the 
market needs/requirements, discuss the business dynamics, 
market leadership and technology change trends, competing 
solutions, latest product/prototype launches, key players and 
market forecasts in tonnes and value.

All-liquid 3D printed lab-on-a-chip is reconfigurable
By Nick Flaherty

Researchers at the Lawrence Berkeley National Labora-
tory in the US have 3D-printed an all-liquid device that, 
with the click of a button, can be repeatedly reconfigured 

on demand to serve a range of applications such as battery 
materials or drug screening.

The lab-on-a-chip uses a specially patterned glass substrate. 
When two liquids – an aqueous one containing nanoscale clay 
particles, another oily one containing polymer particles - are 
printed onto the substrate, the nanoscale clay particles come 
together at the interface of the two liquids and within millisec-
onds form a very thin channel 
or tube about 1 millimeter in 
diameter.

Once the channels are 
formed, catalysts can be placed 
in different channels of the de-
vice. The user can then 3D-print 
bridges between channels, con-
necting them so that a chemical 
flowing through them encounters 
catalysts in a specific order, setting off a cascade of chemical 
reactions to make specific chemical compounds. 

When controlled by a computer, this complex process can 
be automated to execute tasks associated with catalyst place-
ment, build liquid bridges within the device, and run reaction 
sequences needed to make molecules.

“What we demonstrated is remarkable. Our 3D-printed 
device can be programmed to carry out multistep, complex 
chemical reactions on demand,” said Brett Helms, a staff scien-
tist in Berkeley Lab’s Materials Sciences Division and Molecular 
Foundry. “What’s even more amazing is that this versatile plat-
form can be reconfigured to efficiently and precisely combine 
molecules to form very specific products, such as organic bat-
tery materials.”

Last year the lab developed a new technique for printing vari-
ous liquid structures - from droplets to swirling threads of liquid 
- within another liquid. “After that successful demonstration, a 
bunch of us got together to brainstorm on how we could use 
liquid printing to fabricate a functioning device,” said Helms. 
“Then it occurred to us: If we can print liquids in defined chan-
nels and flow contents through them without destroying them, 
then we could make useful fluidic devices for a wide range of 
applications, from new types of miniaturized chemical laborato-
ries to even batteries and electronic devices.”

This was extended to the con-
figurable, multitasking design 
that can be programmed to func-
tion like an artificial circulatory 
system that separates molecules 
flowing through the channel and 
automatically removes unwanted 
byproducts while it continues to 
print a sequence of bridges to 
specific catalysts, and carry out 

the steps of chemical synthesis.
“The form and functions of these devices are only limited by 

the imagination of the researcher,” said Helms. “Autonomous 
synthesis is an emerging area of interest in the chemistry and 
materials communities, and our technique for 3D-printing de-
vices for all-liquid flow chemistry could help to play an impor-
tant role in establishing the field.”

The researchers next plan to electrify the walls of the device 
using conductive nanoparticles to expand the types of reactions 
that can be explored. “With our technique, we think it should 
also be possible to create all-liquid circuitry, fuel cells, and even 
batteries,” said Helms. “It’s been really exciting for our team to 
combine fluidics and flow chemistry in a way that is both user-
friendly and user-programmable.”

Examples of stretchable conductive ink applications. Arguably occupancy sensors in 
vehicles must offer some stretchability as the sensor film adopts to the weight and shape 
of the occupant. This conformability is achieved by pattern design, e.g., cut-out flexible 
film, and somewhat stretchable inks. This sensor is not included in our analysis. Source: 
IDTechEx Research
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Experimental optical chip  
works like a brain
By Christoph Hammerschmidt

An international research team from the universities of 
Münster (Germany), Oxford and Exeter (both Great 
Britain) has succeeded in developing hardware that could 

pave the way for brain-like computers: The nanoscientists have 
produced a chip on which a network of artificial neurons and 
synapses extends that is capable of “learning” information and 
computing on the basis of it. 

A technology that works like a brain? In more complex appli-
cations, computers today quickly reach their limits. One of the 
reasons for this is that their computing units and data memories 
are separate by concept. As a result, all data has to be sent 
back and forth. In this respect, the brain itself is many steps 
ahead of the most modern computers because it processes and 
stores information in the same place: at the synapses, connec-
tions of nerve cells, of which there are about 100 trillion in the 
brain. Here the researchers have pro-
duced a chip on which a network of 
artificial neurons works with light and 
can imitate the behaviour of nerve 
cells in the brain. The researchers 
were able to show that such an opti-
cal neurosynaptic network is capable 
of “learning” information and using it 
to calculate and recognize patterns 
- just like a brain. Since the system 
works exclusively with light instead of 
electrons, it can process data many 
times faster than traditional methods. 

“This integrated photonic system 
is an experimental milestone. The 
approach could later be used in 
many areas to evaluate patterns in 
large amounts of data, for example in 
medical diagnostics,” says Prof. Dr. 
Wolfram Pernice, head of the study at 
the University of Münster (WWU).

The principle presented by the scientists works like this: 
Optical waveguides are placed on the microchips that can 
transmit light. The researchers equipped these waveguides with 
phase-change materials. Such materials are already used today 
in storage media such as rewritable DVDs. They are character-
ized by the fact that they change their properties depending 
on the phase state they are in. The materials change between 
a crystalline state, in which their atoms arrange themselves in 
a regular way, and an amorphous state, in which their atoms 
organize themselves in an irregular way. The phase change can 
be triggered by light - for example by a laser beam heating the 
material. “Because the material reacts so strongly and drasti-
cally changes its properties, it is well suited to imitate synapses 
and the excitation transfer between two neurons,” says lead 
author Johannes Feldmann, who carried out a large part of the 
experiments as part of his doctoral thesis at WWU.

In their study, the researchers succeeded for the first time in 
combining a high number of nanostructured phase change ma-
terials into a neurosynaptic network. They developed a chip with 
four artificial neurons and a total of 60 synapses. The structure 
of the chip, built up in different layers, was based on the wave-
length division multiplex technique - a process in which light is 
transmitted on different channels within an optical nanocircuit.

To test the system’s ability to recognize patterns, the re-
searchers “fed” it information in the form of light pulses and 
applied two different machine learning algorithms. In the case of 
the two algorithms used - both for monitored and unsupervised 
learning - the artificial network was ultimately able to recognize 
a pattern that had been searched for on the basis of predefined 
light patterns, including four consecutive letters.

“By working with photons instead of electrons, we can opti-
mally exploit the known potential of optical technologies - not 
only to transfer data as before, but also to store and process it 
in one place,” stresses co-author Prof. Dr. Harish Bhaskaran of 
Oxford University.

In principle, such hardware could be used to automati-
cally identify cancer cells, for example. However, further steps 
are needed before such applications can be developed. For 
example, researchers need to increase the number of artifi-
cial neurons and synapses and increase the depth of neural 
networks. This can be done, for example, with optical chips 
manufactured in standard silicon technology. “This step will 
take place in the EU joint project ‘Fun-COMP’,” says Prof. Dr. C. 
David Wright from Exeter University, co-author and head of the 
Fun-COMP project.

https://twitter.com/eenewseurope
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Edge AI chip debuts
By Rich Pell

AI startup Kneron (San Diego, CA) has announced an edge 
AI chip claimed to have best-in-class power efficiency 
with power consumption of a few hundred milliwatts. 

Designed to bring AI computation power to 
edge devices for various applications, the chip 
- called the KL520 - combines proprietary soft-
ware and hardware designs to create a highly 
efficient and ultra-low-power neural processing 
unit (NPU). Running AI computations on the end 
device, says the company, will help generate 
real-time insights without relying on the cloud.

The KL520’s reconfigurable architecture allows it to run a 
number of different convolutional neural networks (CNNs) based 
on different applications, regardless of its kernel size, architec-
ture requirements, or input size. In turn, says the company, the 
chip is able to achieve a very high MAC (media access control) 
efficiency, a key metric for efficient computation.

This software design allows the chip to dynamically adjust its 
function based on applications needs in order to achieve maxi-
mum efficiency. The KL520 is also equipped with a proprietary 

compression technology that is able to compress 
a large AI neural network into a very small footprint 
to process on the edge device, without sacrificing 
large amounts of power.

In addition to the chip release, the company 
also announced partnerships with industry leaders 
to bring the chip “into our everyday lives.” Partner-
ships include fabless IC maker Etron Technology, 

Himax Technologies, enterprise PC OEM AAEON Technology, 
3C solution provider Alltek Technology Corp, renowned ODM 
players Pegatron, as well as 3D sensing provider Orbbec, and 
IC design house Datang Semiconductor. The company says 
that it will be releasing its second-generation chip during Q4 
this year, targeted toward the surveillance and security market.

Hailo-8 deep learning processor capable of 26-TOPS
By Peter Clarke

Hailo Technologies Ltd. (Tel Aviv, Israel) has announced it 
is sampling its first product, the Hailo-8 processor, with 
the claim that it outperforms all other machine learning 

edge processors.
Hailo said it is sampling the chip to 

companies across multiple industry sectors 
but with a focus on automotive. The Hailo-8 
processor includes memory and runs at up 
to 26 tera operations per second (TOPS), 
and when running the ResNet-50 bench-
mark consumes 1.67 watts and achieve 
2.8TOPS/W. Hailo offers a software development kit (SDK) that 
was co-developed with the hardware.

Areas such as advanced driver-assistance systems (ADAS) 
and smart cities and smart homes often require the use of 
high-performance cameras to perform tasks such as semantic 

segmentation and object detection in real 
time – tasks which Hailo’s chip performs at 
full resolution while consuming a few watts.

According to preliminary results compar-
ing Hailo-8 to Nvidia’s Xavier AGX, which 
runs NN benchmarks such as ResNet-50, 
Hailo-8 consumes almost 20 times less 
power than Nvidia’s Xavier AGX, while per-

forming the same tasks. Hailo was founded in 2017 by former 
members of the technology unit of the Israeli Defense Forces.

AI angle on analog helps startup raise $5 million
By Peter Clarke

Agile Analog Ltd. (Cambridge, England), an analog intel-
lectual property startup, has raised $5 million in a funding 
round with Delin Ventures, firstminute Capital and MMC 

Ventures.
Agile Analog claims it can replace many tra-

ditionally manual analog design techniques with 
artificial intelligence processes to speed up the 
productivity and raise the abstraction of analog 
IP design. The business is the brainchild of chief 
technology officer Michael Hulse and the compa-
ny is led by Tim Ramsdale, a former vice presi-
dent of engineering and general manager of the 
imaging and vision business at ARM, who is CEO. Peter Hutton, 
a former executive vice president at ARM, is chairman.

Agile Analog was founded in 2017 and said it will use the 
money to expand the existing engineering team in Cambridge 
and deliver analog IP products to customers.

Many companies exist to design analog circuits and deliver 

them as analog IP. However, these are traditionally narrowly fo-
cused and make use of skilled engineers to design at low levels 
of abstraction which is often a bottleneck in the design process.

The startup states that its design platform can give custom-
ers exactly the component they want on the 
semiconductor process they want enabling 
superior designs potentially in terms of power, 
performance, area and cost. It may even be 
able to impact integrated circuit architecture, 
the company claimed.

“Agile Analog technology enables a move 
away from simple analog designs compensated 

by complex digital designs to a more balanced mix of technolo-
gies, bringing more reliable, lower power designs to market 
quicker.”

“This investment will enable us to deliver to our customers 
faster and make possible a paradigm shift in the $2 billion ana-
log IP market,” said Ramsdale, in a statement.
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Wafer scale RBG MicroLEDs
simplify transfer process
By Julien Happich

At Display Week, researchers from 
CEA-Leti presented several pa-
pers relating to the manufacture of 

microLED RGB pixels and their transfer to 
large area displays.

The first paper, “A New Approach for 
Fabricating High-Performance MicroLED 
Displays” demonstrates how to remove 
several processing steps altogether when 
manufacturing full colour microLED-based 
displays. Instead of successively singulat-
ing blue, green and red microLEDs from 
their native wafers in order to transfer them 
onto a TFT backplane or to stack them 
with CMOS drivers themselves singulated 
and placed on a backplane (four transfer 
steps or more), the researchers first bonded 
a blue LED epiwafer onto a full wafer of 
CMOS driving circuits. They then fabricated 
the InGaN blue LEDs 
directly on the bonded 
epiwafer and then cre-
ated the RGB pixels at 
wafer level, depositing 
adequate conversion 
phosphors on the blue 
microLEDs to obtain 
the green and red 
emitters. 

The result is a 
full RGB microLED 
wafer from which 
they can singulate 
tens of thousands of 
RGB microLEDs each 
already stacked and 
connected with the underlying CMOS driving circuit. What’s 
more, the full connectivity provided at wafer level makes it much 
easier to test the individual RGB-LED-on-CMOS dies just after 
their fabrication and before their transfer.

These all-in-one RGB microLEDs can then be transferred 
in one single step onto a simpler backplane merely consisting 
of a passive grid of conductive 
lines and columns, eliminating 
the need for a TFT backplane 
and its inherent driving and size 
limitations (low carrier mobilities 
compared to CMOS and large 
feature sizes). 

“This new process, in the 
proof-of-concept stage, paves 
the way to commercial, high-per-
formance microLED displays,” 
explained François Templier, 
CEA-Leti’s strategic market-

ing manager for photonic devices and first 
author of the paper. 

Indeed, one of the biggest challenges to 
support high resolution microLED displays 
is to improve the performance of the driving 
electronics, which require more power and 
faster electronics to power millions of pixels 
in a fixed-frame time. Today’s TFTs used in 
active matrix substrates cannot provide the 
necessary current and speed supported by 
microLEDs.

With this approach, the receiving back-
plane could even be fabricated with non-
lithographic techniques such as ink-jet or 
stencil printing, opening the field to display 
sizes in excess of 100-inches on almost 
any kind of material such as glass, plastic, 
metal; rigid or flexible.

The second paper titled “MicroLED 
Displays based on Transfer with Microtubes 
Interconnections” gives the solution for a 
solder-free interconnect mechanism that 
would be cost effective to implement on the 
receiving substrate, regardless of the pixel 
pitch envisaged during transfer.

As an example, the researchers envisage 
that the small pitch microLEDs initially fab-
ricated at wafer level could be transferred 
on a substrate at a much larger pixel pitch, 
ranging from 50 to 500μm. This means the 
emitting area would leave plenty of free 
space within each pixel, which OEMs could 
use to offer more display transparency or to 
integrate other display functionalities such 
as optical sensing.

Here the authors propose to secure both electrical and 
mechanical connections in one press-fitting operation at room 
temperature, using microtube interconnections they demon-
strated in a previous paper. The microtubes are grown directly 
on the receiving substrate, consisting of micro-cylinders built 
over a rigid Tungsten Silicide supporting structure. Here, the 

MicroLEDs are fabricated up-
side down, light being emitted 
towards the epitaxial substrate. 
And for the purpose of the press-
fit connection, both N and P con-
tact pads are created on the top 
side (the N contact being routed 
through the active to the top 
side) so the relatively soft and 
deformable pads end up being 
pressed onto the hard micro-
tubes, forming a solid electrical 
and mechanical connection.

SEM view of a passive matrix receiving hybridized microLEDs 
on lines and columns. The close up shows a microLED with 
two empty slots of microtubes on both side.

Other proposed approaches consist in singulating blue, red 
and green LEDs from their wafers as well as CMOS driving 
circuits to transfer them separately.

Fabricating microLED displays with 
integrated CMOS driving makes for 
a simpler transfer step. (bottom) 
Elementary unit consisting of all-in one 
RGB LEDs on CMOS driving circuit.
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Researchers grow efficient InGaN LEDs for green and red
By Julien Happich

Researchers from Lund University, Sweden, have de-
vised a novel method to synthesize arrays of InGaN 
submicrometer platelets by selective area metalorganic 

vapour-phase epitaxy (MOVPE), whose indium content they 
can increase up to 18% while limiting strain. 
This allowed them to fabricate highly effi-
cient green and red nitride LEDs without the 
adverse effects of crystal defects.

Describing their findings in a paper titled 
”InGaN Platelets: Synthesis and Applications 
toward Green and Red Light-Emitting Diodes” 
published in Nano Letters, the researchers 
explain that in order to remove the strain 
detrimental to the optical properties of InGaN 
quantum wells typically grown on a GaN 
layer, they used an InGaN buffer layer instead, 
which they obtained through MOVPE selec-
tively over a GaN tip.

During an annealing step, they were able to 
etch down the apex of the pyramidally-grown 

InGaN into a c-oriented InGaN hexagonal platelets just 100 to 
200nm thick and about 630nm in diametre. Further growth of a 
InGaN buffer layer allowed the researchers to increase Indium 
content into subsequent InGaN Qws. 

Using this strategy, 
the authors were able 
to prototype QW LEDs 
grown on such InGaN 
platelets, emitting 
green on In0.09Ga0.91N 
and red on In0.18Ga0.82N 
at room temperature.

The authors have 
filed IP to protect their 
technology and this 
research and develop-
ment was performed 
in close relation to 
two of the university’s 
spin-outs, namely Glo 
AB and Hexagem AB, 
explained Lars Samu-
elson, Professor Solid 
State Physics/NanoL-
und at Lund University.

Spray-on plasmonics enable tunable colours at video rate
By Julien Happich

A team of researchers from the Uni-
versity of Cambridge have devised 
a novel way to leverage plasmonics 

for stable colours that can be electrically 
tuned across different wavelengths, at 
speed.

In a paper titled “Scalable electrochro-
mic nanopixels using plasmonics” published in Science Advances, 
the researchers describe electrochromic nanoparticles with a 
multilayered plasmonic composite architecture filled with a dielec-
tric spacer. The nanoparticles-on-mirror (NpoM) as they call them 
(because the particles are coated onto a metallic mirror), strongly 
confine light within the individual gaps to the underlying mirror, pro-
ducing extremely localized cavity resonances and precisely tuned 
colour scattering independent and insensitive to the angle and 
polarization of incident light.

The electrochromic eNPoMs consist of colloidal gold nanopar-
ticles (Au NPs) encapsulated in a conductive polymer shell 
(polyaniline or PANI for short), which are then cast onto a planar 
gold mirror. The shell thickness obtained through the encapsulation 
process defines the critical gap spacing to the underlying mirror as 
well as the spacing between neighboring particles (which the au-
thors say reduces their optical coupling and inhibits aggregation).

That is why even when designed at large scale, each individual 
NPoM acts as an independent active nanopixel. By switching the 
charge state of the entire PANI shell and changing its redox state 
(sweeping a voltage from −0.2 to 0.6 V across the Au mirror as the 
working electrode), the authors were able to rapidly shift the reso-

nant scattering colour of the eNPoM across wavelength ranges in 
excess of 100nm. They calculated that each active nanopixel only 
requires about 0.2 fJ of energy for each 1 nm shift in wavelength 
while achieving commercial video rates (over 50Hz), and these 
dynamics were proven to scale from the single nanoparticle level 
to multi-centimetre scale ultra-thin films. 

The researchers had their prototypes pixel cells running for over 
three months at power densities below 300μW/cm2, or about 10 
times lower than for commercial e-paper, they point in the pa-
per. Meanwhile, because each nanoparticle acts as an individual 
pixel, theoretical pixel densities reach in excess of 109 pixels per 
inch, they argue, although differentiating addressable areas would 
require larger cell constructs and circuitry.

Synthesizing InGaN platelets and LED structures. (a) InGaN 
pyramids grown by selective area MOVPE. (b) Bottom 
InGaN layer with a top c-plane formed by etching down 
from the pyramid apex. (c) InGaN regrowth to flatten 
the rough c-plane. (d) InGaN single QW growth on the 
c-plane of the InGaN platelet templates. (e) Prototype LED 
structure with p-InGaN grown above the single QW, with 
definitions of all InGaN layers.Schematic of InGaN platelet LEDs

The eNPoM changes colour as a function of the redox state of 
the thin (0 to 20nm) PANI shell surrounding each Au NP on the 
Au mirror substrate (altering the resonant gap). Right: Redox 
reaction of PANI in the gap (PANI0, fully reduced; PANI1+, half 
oxidized; PANI2+, fully oxidized)
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Samsung to invest in Mattrix Technologies’ CN-VOLET technology
By Julien Happich

Florida-based startup Mattrix Technologies, 
whose founders have designed a novel 
type of high-aperture transparent transis-

tor aimed at OLED displays, announced it has 
closed its Series A financing round with $3 million 
in investment from Samsung Venture Investment 
Corporation (“Samsung Ventures”), the global 
investment arm of the Samsung Group, and JSR 
Corporation, a leading display materials supplier 
and innovator in global technology markets.

The funding will be used to develop production-ready manu-
facturing processes and fabricate a fully-integrated display proto-
type based on Mattrix Technologies’ unique pixel architecture. 

Mattrix’OLET (organic light emitting transistor) technology was 
designed to solve the OLED backplane problem and enable the 
cost-effective production of large-area displays. 

At the heart of this breakthrough is Mattrix’s proprietary CN-
VOLET (carbon-nanotube enabled, vertical, organic, light emitting 
transistor) technology, a pixel architecture that combines the 
drive transistor, storage capacitor and light emitting layers into a 

sequentially deposited, 
vertical, transparent 
stack. 

This enables a high 
aperture ratio, bottom 
emission display that 
simplifies the manufac-
turing process and in-
creases display lifetime. 
The novel pixel architec-

ture is compatible with the existing manufacturing infrastructure 
including solution-processed manufacturing. It boasts improved 
power consumption and reduces screen door effects. Mattrix has 
licensed all developed IP, including 16 U.S. patents, with more 
than 350 claims and filings in Europe, Korea, China, and Japan. 
The company is seeking collaborative partners interested in 
licensing its technology for commercialization. 

Mattrix is a resident client of the University of Florida’s busi-
ness incubator, UF Innovate | The Hub.

ams, Ibeo, ZF join forces for solid-state automotive lidar
By Christoph Hammerschmidt

The race for lidar systems suitable for high volume pro-
duction is heating up: After Israeli startup Innoviz, now 
Austrian chipmaker ams, lidar expert Ibeo Automotive 

systems and tier one supplier ZF Friedrichshafen (Ibeo’s parent 
company) plan to roll out a solid-state lidar sensor system. The 
trio even intends to pass Innoviz on the home stretch to be the 
first vendor capable of 
rolling out such a sen-
sor.

An optical sensing 
technology that mea-
sures distance and 
direction of the sur-
rounding objects by 
illuminating them with a 
laser beam and detect-
ing the reflection of the 
object, lidar is consid-
ered an indispensable 
sensing technology 
for automated driving. 
Its unique range and 
resolution properties 
complement radar and 
camera solutions - and 
the ‘Holy Grail’ of the 
lidar technology is currently the solid-state approach because 
it enables building lidar sensors with no moving parts in them. 
The absence of moving parts makes the sensors much more 
lightweight, robust and compact, and it enables manufactur-
ers to offer them at a significantly lower price than available 
systems that use rotating mirrors.

ams now announced that it will provide automotive-grade 

VCSEL (Vertical Cavity Surface Emitting Laser) arrays and driv-
ers which provide superior reliability and stability compared to 
competing light sources, such as edge emitters and LED. The 
Austrian semiconductor manufacturer claims to be the first to 
market with solid-state lidar illumination solutions, meaning no 
mechanical parts are needed to steer the light beam direction, 

improving reliability 
while reducing complex-
ity.

“Lidar is already a 
key technology in the 
automotive sector, and 
to date our leading 
products are used with 
automotive companies 
in Europe and world-
wide. The combination 
of our solution know-
how with ams’ VCSEL 
technology will create a 
tipping point for solid-
state lidar in the auto-
motive sector,” said Dr. 
Ulrich Lages, CEO, Ibeo 
Automotive Systems.

“Being the first 
to market with solid-state lidar means ams brings a unique 
capability to Ibeo and ZF,” said Alexander Everke, CEO, ams. 
“Together with Ibeo’s leading solutions and integration capabil-
ity, coupled with its deep experience in lidar we will provide 
an unmatched solution for auto- motive manufacturers in their 
quest to create the mission-critical reliability required for au-
tonomous driving.”
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As Trump escalates US-China trade war, suppliers cut ties with Huawei
By Julien Happich

Following suit on Trump’s announced blacklisting of 
Chinese smartphone and networking equipment maker 
Huawei last Friday, an 

increasing number of com-
ponents suppliers have an-
nounced they would stop 
supplying parts to the smart-
phone maker. That is for fear of 
retaliation from the US adminis-
tration, although the companies 
involved will inevitably suffer 
from impacting revenue cuts 
due to lost sales.

According to a recent report 
from Bloomberg, chipmakers 
such as Intel, Qualcomm, Xilinx 
and Broadcom have already 
taken that step, while Google is 
to cut off the supply of some of 
its software services as well as hardware to the Chinese mobile 
phone equipment maker. Now, such an imposed ban on doing 
business with Huawei is likely not only to cripple the Chinese 
company accused of espionage but also the US economy as a 
whole, the newspaper notes. 

Huawei has become the cheapest and most efficient provider 
of networking equipment including for the highly anticipated 
roll out of 5G wireless networks upon which ought to rely many 
upcoming technologies such as self-driving cars, smart cities 
and many new consumer-oriented applications where ultra-low 
latency fast connectivity to the cloud are a must.

Many of the above chip makers are increasing reliant on do-
ing business with Huawei, but also hoping to access China as 

the world’s second largest economy. 
This trade war is also affecting European 

companies whose chips or systems occa-
sionally contain IP from US companies. For 
example, German chip maker Infineon Tech-
nologies has reportedly stopped deliveries 
of products originating in the U.S. due to the 
new rules. The company said it had adopted 
this measure to be on the cautious side and 
avoid potential litigations with the US, taking 
the time first to assess compliance issues 
with the US ban before potentially resuming 
shipments. That news alone reported by the 
Nikkei took a 6% toll on Infineon’s shares, 
and shares of other European companies 
such as STMicroelectronics or AMS were also 
hit.

Now if drying up the US supply chain were to effectively 
collapse Huawei, it would also directly affect China’s own 5G 
rollout and the global telecom network market, further impact-
ing the country’s development. 

To attenuate investors’ worries, Huawei claims it has nothing 
to do with espionage and has already started to develop its own 
chips to lessen the impact of the ban on its production, arguing 
it could eventually do without American chips. Korean smart-
phone maker Samsung seems to be the only true winner in this 
trade-war, retaining its strong ties with the US while winning 
market shares against its Chinese archrival.

Acoustic metamaterial can focus sound like a lens
By Wisse Hettinga

Researchers at the universities of Sussex and Bristol have 
unveiled how the practical laws used to design optical 
systems can also be applied to sound through acoustic 

metamaterials. The researchers have demonstrated the first 
dynamic metamaterial device 
with the zoom objective of a 
varifocal for sound. The project 
team has also built a collimator, 
capable of transmitting sound 
as a directional beam from a 
standard speaker.

The breakthrough has the 
potential to revolutionise the 
entertainment industry as well 
as many aspects of communi-
cation in public life by creating 
directional speakers that can 
reach out to an individual in a 
crowd. Acoustic metamaterials 
are normal materials, like plastic 
or paper or wood or rubber, but engineered so that their internal 
geometry sculpts the sound going through. The idea of acoustic 
lenses has been around since the 1960s and acoustic holo-

grams are starting to appear for ultrasound applications, but 
this is the first time that sound systems with lenses of practical 
sizes, similar to those used for light, have been explored.

The technology takes everyday materials like glass, wood 
and 3D printer plastic and 
engineers them to control, 
direct, and manipulate waves in 
uncommon ways, transforming 
metasurfaces into behaving like 
converging lenses for sound. 
Metamaterials are smaller, 
cheaper and easier to manufac-
ture than phased arrays and can 
even be fabricated in recyclable 
materials. Metamaterial devices 
also lead to less aberrations 
than speaker arrays, even over 
limited bandwidths. Using a sin-
gle speaker, it will be possible to 
deliver alarms to people moving 

in the street, like in the movie Minority Report. Using a single 
microphone, the technology can be used to listen to small parts 
of a machinery to decide everything is working fine.

https://www.facebook.com/EENews-Europe-264480083592516/
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Bosch develops sensor unit for air taxis
By Christoph Hammerschmidt

Drawing on its experience with MEMS sensors for auto-
mated driving functions, Bosch has developed a sensor 
unit for use in a rather fledgling market: Urban electric 

air taxis.
Experts predict strong growth 

for the market for electric air 
taxis: observers expect 3.000 
such aircraft worldwide in 2025; 
by 2050 their number will rise to 
around 100.000 units. The man-
agement consultancy Morgan 
Stanley estimates the market 
volume for air taxis for the year 
2040 at 1.5 trillion US dollars. 
Already now, Bosch is bringing a 
sensor box for controlling these 
aircraft onto the market, based 
on MEMS sensors from the auto-
motive industry that are manu-
factured in mass production.

In order for air taxis to remain 
affordable to use, they should be built cost-effectively. Conven-
tional avionics electronics, such as those used in airliners and 
fighter jets, are too expensive - and also too large and heavy. 
This is where Bosch sees its opportunity to help shape the 

future market of suppliers for air taxis. The company wants to 
contribute its experience from the automotive industry. Bosch 
has assembled a sensor box for a flight attitude universal con-
trol unit from commercially available MEMS sensors, such as 

those used for automated driving 
or for Electronic Stability Con-
trol (ESC). According to Bosch, 
the device contains “dozens” of 
sensors - for acceleration in three 
axes, for rotation rates, inclina-
tion angles, and the Earth’s 
magnetic field. It also contains 
pressure sensors that can be 
used to determine flight altitude 
and - via dynamic pressure - 
flight speed. Manufacturers of 
flying taxis can install the box in 
their flight control systems using 
the plug-and-play principle.

The box is to compete with 
current sensor solutions for avia-

tion, which, however, carry a price tag of several tens of thou-
sands of euros. Bosch will not reveal how much it will charge 
for its sensor box - but it will only be a fraction, the company 
advertises.

Electric jet makes maiden flight
By Nick Flaherty

The world’s first five seat electric jet air taxi, developed in 
Munich, has taken its maiden flight.

The battery-power electric jet can travel up to 300km 
in just 60 minutes, with zero operating emissions. Munich-
based Lilium will manufacture and operate the jet as part of an 
on-demand air taxi service. 
A full-scale, full-weight 
prototype has 36 all-electric 
jet engines that allow it to 
take-off and land vertically 
with the efficient horizontal 
cruise flight. There is no tail, 
rudder, propellers or gearbox 
and only one moving part in 
the engine. This contributes 
to the safety and affordability 
of the aircraft. The engines 
generate up to 2000 HP 
from a 320kW battery pak 
built from several thousand 
Lithium-Ion cells. The pack 
is designed to fully contain a thermal runaway of several cells 
while still delivering enough power to the propulsion system.

“We are taking another huge step towards making urban air 
mobility a reality. In less than two years we have been able to 
design, build and successfully fly an aircraft that will serve as 
our template for mass production,” said Daniel Wiegand, co-

founder and CEO. “Moving from two to five seats was always 
our ambition as it enables us to open up the skies to many 
more travellers. Whether it’s friends or families flying together or 
business travellers ride-sharing into the city, having five seats 
delivers an economy of scale you just can’t achieve with two.”

The prototype aircraft is 
controlled remotely from the 
ground and has now started 
a series of flight tests to lay 
the foundations for certifica-
tion of the aircraft to safety 
standards.

“While a maiden flight is 
always a moment of truth 
for a business, the Lilium 
Jet performed exactly as 
expected and responded well 
to our inputs. Our flight test 
program will now continue 
with increasingly complex 
manoeuvres as we look 

towards our next big goal of achieving transition flight, which 
is when the aircraft moves seamlessly from vertical to horizon-
tal flight,” said Leandro Bigarella, Head of Flight Test. Lilium 
expects to be fully-operational in various cities around the world 
by 2025, although trial services will start earlier than this in sev-
eral locations via an app. 

https://twitter.com/eenewseurope
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Startup wants to revolutionise  
pre-collision sensing
By Rich Pell

Vehicle sensor startup PreAct Technologies (Portland, 
OR) has announced that it has closed an Angel round of 
investment funding for over $1 million to help it advance 

development of pre-collision automotive safety 
systems.

PreAct’s “first-of-its-kind” technology uses 
extremely high-speed sensors and processors 
to monitor a very close area around a vehicle, 
within which the system identifies, classifies, 
and reacts to threats in milliseconds. The goal 
is to prepare a vehicle and occupant for an 
imminent crash, prior to it occurring.

The initial funding, says the company, will 
allow it to invest in key staff, technology, and 
prototyping as they move towards a minimum 
viable product.

“Nearly 3,500 people die in automobile 
crashes each day,” says Paul Drysch, co-
founder and CEO of PreAct. “It’s staggering to 
think that even in modern vehicles equipped 
with airbags and other safety systems, that 
well over a million people are killed every year, 
and many millions more suffer serious injury.”

“In the vast majority of crashes, the pas-
senger compartment remains intact with little 
intrusion. In such cases, there is often no 
reason for occupants to suffer serious trauma 
or death – other than for a lack of current tech-
nology to protect them. This technology gap is 
what PreAct Technologies is aiming to close.”

PreAct’s technology, says the company, 
can determine a collision - with certainty - up 
to 250 milliseconds prior to it happening. As 
a result, the company says it envisions being 
able to take a number of steps to protect a 
vehicle’s occupants: In the quarter-second 
timeframe before a crash, it would be possible 
to cinch seat belts, deploy larger and slower 
inflating airbags, deploy external airbags, and 
much more.

Current safety systems don’t engage until 
after a collision has already begun to occur. 
As a result, current airbags must be deployed 

with explosive force, in order to be fully inflated in time to catch 
an occupant. The funding round was led by Singapore-based 
Elev8.VC.
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Battery reuse project boosts recycling
By Nick Flaherty

Honda in the US is working on a project to find ways to 
reuse old batteries from electric vehicles.

It is working with Ohio-based electric utility American 
Electric Power AEP) to develop a network of used electric ve-
hicle (EV) batteries that could be integrated into AEP’s electricity 
system.

The battery reuse project seeks to address multiple challeng-
es related to the expansion of EVs, including the repurposing of 
used EV batteries, the expected 
impact of EV demand and renew-
able energy on the nation’s utility 
operators and the integration of 
EV batteries as a storage solution 
for the electric grid.

The increasing volume of EVs 
has the potential to strain the 
power grid, including spikes in 
demand during early evening 
hours when drivers plug in their 
EVs after work. Storing additional 
power in used EV batteries can 
help utilities meet demand by us-
ing renewable energy resources.

“Together with AEP, we are exploring opportunities to use 
the 2nd life battery to improve energy security, reduce CO2 and 
prepare for broad scale electrification of the transportation 
ecosystem,” said Ryan Harty, manager of Connected and Envi-
ronmental Business, American Honda Motor Co., Inc. “Neither 

automakers nor utilities can address these complex technical, 
policy and business issues alone.”

“AEP is focused on building a smarter, cleaner energy grid 
and putting in place new technologies that will benefit our cus-
tomers. We are excited about the possibilities of this collabora-
tion as we work to create the energy system for the future,” said 
Ram Sastry, AEP’s vice president of Innovation and Technology.

The project is using batteries from the Honda Fit EV that 
launched in 2012 as a lease-
only vehicle and has since 
been replaced by the Honda 
Clarity. The aim is to help 
both companies to develop 
technology and standards to 
reuse battery technology in 
future vehicle grid integra-
tion, as well as new business 
models to improve the value 
of Evs.

Honda aims to electrify 
two-thirds of its fleet by 2030 
and is developing vehicle 
grid integration systems 

such as the SmartCharge beta programme that encourages 
EV customers to charge their vehicles when more renew-
able energy resources are online. BAck in January, it showed 
a prototype Wireless Vehicle-to-Grid (V2G) bi-directional energy 
management system that has the potential to reduce CO2.

Volvo signs multi-billion dollar battery supply deals with CATL, LG Chem
By Christoph Hammerschmidt

To secure the intended switchover to vehicles with electri-
fied and electric powertrains, Volvo Car Group has signed 
long-term agreements with battery makers CATL and LG 

Chem.
The agreements cover the global supply of battery modules 

for all models on the 
upcoming SPA2 and the 
existing CMA modular 
vehicle platforms and 
represent a major step 
towards realising Volvo 
Cars’ electrification strat-
egy.

In 2017 Volvo made 
the industry-leading 
commitment that all new 
Volvo cars launched from 
2019 would be electrified, 
i.e either with a hybrid or 
a battery electric drive. 
The company has since 
reinforced this strategy, by stating that it aims for fully electric 
cars to make up 50 % of its global sales volume by 2025.

CATL of China and LG Chem of South Korea are renowned 
battery manufacturers with track records supplying lithium ion 
batteries to the global automotive industry.

Volvo’s first battery assembly line for passenger cars is cur-
rently under construction at its manufacturing plant in Ghent, 
Belgium. It will be finalised by the end of this year and the first 
fully electric Volvo to be built at this plant is the XC40 small 
SUV. Already now, plug-in hybrid variants of the XC40 are 

manufactured there.
Volvo’s Compact 

Modular Architecture 
(CMA) currently under-
pins the XC40, as well as 
the fully electric Polestar 
2 fastback and several 
models sold by LYNK & 
CO, Volvo’s sister brand 
which it co-owns with 
Geely. The upcoming 
SPA2 architecture is 
the next generation of 
Volvo’s in-house devel-
oped Scalable Product 
Architecture (SPA) and 

will be launched early next decade. SPA is one of the most 
advanced vehicle platforms in the car industry and currently 
underpins all Volvo models in the 90 and 60 Series. The first 
Volvo to be launched on SPA2 will be the next generation of the 
XC90 large SUV.
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First unified theory of heat conduction
By Nick Flaherty

Researchers at EPFL in Switzerland have developed a 
new theory for heat conduction that can finally describe 
and predict the thermal conductivity of any insulating 

material. This will let engineers 
make accurate predictions 
of thermal conductivity in a 
range of materials for applica-
tions from power electron-
ics to lasers to waste-heat 
recovery.

Thermoelectric materials in 
particular hold vast potential 
for use in energy applications 
because they generate elec-
tricity from waste heat, such 
as that generated by industrial 
processes, by car and truck 
engines, or simply from the 
sun. 

Reducing the thermal conductivity of these materials by a 
factor of three, for example, would completely revolutionize 
existing waste-heat recovery, and also all refrigeration and air-
cooling technology.

In the paper “Unified theory of thermal transport in crystals 
and glasses”, three researchers discuss a theory that finally 
unifies the fundamental, atomistic origin of heat conduction. Up 
to now, different formulations needed to be used depending on 
the system, for example for ordered materials such as a silicon 
chip, or disordered such as in a glass. 

The new theory derives directly from the quantum mechanics 

of dissipative systems a transport equation that covers on equal 
footing diffusion, hopping, and tunnelling of heat.

This fundamental understanding will allow scientists and en-
gineers to accurately predict 
the thermal conductivity of 
any insulating material but 
particularly with thermo-
electric materials that can 
convert heat into electricity 
as these have both crystal- 
and glass-like properties.

“Up to now, two differ-
ent equations have been 
used for calculating thermal 
properties: one describes 
perfectly crystalline materi-
als – that is, materials with 
highly ordered atomic struc-

tures – and the other one completely amorphous materials like 
glass, whose atoms do not follow an ordered pattern,” said Mi-
chele Simoncelli, a PhD student at EPFL’s Theory and Simula-
tion of Materials (THEOS) Laboratory who worked with Nicola 
Marzari, a professor at EPFL’s School of Engineering and head 
of THEOS and of the MARVEL NCCR, and Francesco Mauri, a 
professor at the University of Rome–Sapienza.

These equations happened to work well in those special 
cases. “But between these two extremes lie a plethora of inter-
esting cases, and neither equation worked – this is really where 
our contribution makes a profound difference,” she said. 

Russian organic electronics factory gets production-ready
By Peter Clarke

Ten FLECS, founded in 2016, is a generation 2.5 flat panel 
display and thin film electronics factory located in the 
Troitsk suburb of Moscow, Russia, which is due to come 

online in the second quarter of 2019. 
The factory has 2,000 square meters 
of clean room and a planned annual 
capacity of 10,000 square meters of 
thin-film-transistor backplane arrays 
for displays and for the production 
of 150 million near-field communica-
tion circuits.

Ten FLECS is a contract manufacturer of flexible electronics 
components (IGZO TFT, OTFT). A generation 2 manufacturing 
plate meaures 47cm by 37cm.

The factory is capable of slit coating, wet etching, metal 
sputtering, photolithography and dry etching with equipment 
obtained from flat panel display industry suppliers. Ten FLECS 
intends to address applications in RFID, NFC, LCD, OLED and 
electrophoretic display and fingerprint, x-ray and pressure sen-
sors.

The company states that its technology is licensed from 
IMEC, The Holst Center and FlexEnable Ltd. (Cambridge, Eng-
land). FlexEnable was formed in February 2015 to hold the intel-

lectual property created by Plastic Logic Ltd. since its formation 
in 2000. FlexEnable’s flexible electronics technology platform 
allows organic electronics to be manufactured on flexible plastic 

film over 
large and 
small sur-
faces.

The 
remainder 
of Plastic 
Logic be-

came Plastic Logic GmbH (Dresden, Germany) which intended 
itself to become a manufacturer. However, according to local 
sources there is little activity at Plastic Logic in Dresden.

In 2011 the Russian sovereign wealth fund called Rusnano 
[Russian Corporation of Nanotechnologies] cut a deal to invest 
in Plastic Logic and build a volume production factory for Plas-
tic Logic’s plastic displays in Zelenograd. Ten FLECS in Mos-
cow is the likely and somewhat altered inheritor of that plan. 
Ten FLECS is hiring and is looking for senior engineers that are 
competent in physical vapor deposition, wet etch and metrol-
ogy. Plastic Logic GmbH was approached for comment but did 
not respond by the time this story was posted.
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Using Blockchain to enhance  
supply chain transparency
By Bridget McCrea

A new partnership between Minespider and Volkswagen 
will use blockchain to enhance the auto maker’s supply 
chain transparency and address challenges like conflict 

minerals. 
Supply chain transparency in the automotive sector is neither 

clear-cut nor easily attained, thanks to the hundreds of different 
suppliers involved with taking a vehicle from the raw material 
stage to the final, drivable product. Even Henry Ford himself—
who strove for the ultimate in simplicity when establishing the 
company’s original manufacturing line—would be amazed by 
the complexities of the modern-day auto manufacturing supply 
chain.

Fortunately, technology has come a long way since the first 
production Model T Ford rolled out of the company’s Detroit 
plant in 1908. Fast-forward to 2019, and 
advanced technologies like the Internet 
of Things (IoT), artificial intelligence (AI), 
machine learning (ML), and blockchain are 
beginning to prove themselves as viable 
supply chain transparency tools.

Blockchain is one advancement that’s 
already making some waves in procurement 
circles. In April, Minespider announced that 
it would start working with Volkswagen to 
use blockchain to help improve the manu-
facturer’s lead supply chain. “Minespider 
and Volkswagen are working together to 
make procurement both more transparent 
and secure,” the company said in a press 
release, adding that blockchain allows par-
ticipants to trace the supply chain from the 
point of origin to the factory. 

“Sustainability in the supply chain is one 
of our top priorities,” Volkswagen’s Marco Philippi said in the 
release. “We see blockchain technology as part of the solution 
to ensure compliance with environmental and social standards 
along the entire supply chain.”

Why Blockchain, and why now?
An open, distributed ledger that can record transactions be-
tween two parties efficiently and in a verifiable and permanent 
way, blockchain comprises a list of records, or “blocks,” that 
are linked together using cryptography. By design, a blockchain 
is resistant to modification of the data, making the technology 
more reliable than traditional means of sharing data and infor-
mation across business partners. 

In Volkswagen’s case, the goal of the initial blockchain pilot is 
to work with suppliers and sub-suppliers that account for more 
than two-thirds of the company’s total lead starter battery re-
quirements. A provider of open-source, public blockchain proto-
col that was originally designed to identify and address conflict 
mineral issues, Minespider says Volkswagen’s ultimate aim is to 
“ensure that all of its raw materials are sourced in a socially and 
environmentally sound manner.”

Using Minespider’s blockchain technology, for example, 
Volkswagen will be able to track the origin of its raw materials 
and present a complete chain of custody from certified mine to 
end manufacturer. The company uses nested encryption to en-
sure a company’s data remains private on a public blockchain. 

Digital “Certificates” are created at certified mineral sources 
(i.e., mines or recyclers), which are then encrypted with the 
company’s public key and posted in a publicly accessible data-
base, Minespider explained in the press release.

“As mineral shipments are sold, responsible data of the new 
owner is added to the certificate which is re-encrypted with the 
public key of the new owner, creating a layered encryption like 
a Russian doll,” the company states. “This ensures that only the 
owner is able to access the supply chain data, even though it 

is in a verifiable, immutable public data store, enabling supply 
chain transparency without sacrificing data security.”

There’s more to come 
Expect more manufacturers to follow Volkswagen’s path by 
integrating blockchain technology into their supply chain trans-
parency efforts—with a particular focus on mining. For example, 
Ford Motor Co., has teamed with IBM, China’s Huayou Cobalt, 
and LG Chem to use blockchain to trace and verify ethically 
sourced cobalt, one of the minerals used in the lithium-ion bat-
teries that power laptops and electric cars, Bloomberg reports.

“Tantalum, tin, tungsten, and gold, often grouped together 
in mining industry jargon as 3TG, are vitally important to the 
industrial economy, used in high-tech products from smart-
phones to jets,” Stefan Nicola writes in “Using Blockchain to 
Help Fight Conflict Minerals.” “But these conflict minerals, as 
they’re known, frequently follow a sketchy path from mine to 
factory, coming from mines whose profits flow to violent militias, 
criminals, and even terrorists.”

This article was first published on Electronic Design - 
www.electronicdesign.com 

Source: Getty Images.
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New security vulnerabilities 
in Intel processors
By Christoph Hammerschmidt

Researchers at Graz University of Technology have revealed new vulnerabilities 
in Intel processors – namely ZombieLoad and Store-to-Leak Forwarding. The 
research team, which was also involved in the discovery of the serious security 

vulnerabilities Meltdown and Spectre last year claims that, once again updates and 
security solutions are necessary to solve the newly discovered security problems.

The new attack methods were published by security researchers Daniel Gruss, 
Moritz Lipp and Michael Schwarz from the Institute for Applied Information Pro-
cessing and Communication Technology at Graz University of Technology (Austria) 
together with an international team.

ZombieLoad uses a similar mechanism as Meltdown: to work faster, computer 
systems prepare multiple steps in parallel and then discard those that are either 
not needed or do not have the necessary access rights. However, the access rights 
check only happens after the sensitive calculation steps based on assumptions of the 
computer system have already been worked through in advance. “In this short mo-
ment between code execution and check, we can with the new attack see the already 
loaded data from other programs,” Gruss explains. In this way, researchers can read 
what is currently being done on the computer in plain text. ZombieLoad affects all 
processors developed by Intel between 2012 and early 2018.

For Meltdown 
there was a simple 
solution with the 
“KAISER” patch 
available, devel-
oped by the TU 
Graz team, which 
however affected 
the speed of the 
computer to some 
extend. For Zom-
bieLoad attacks a 
solution could be 
more difficult, as 
Gruss explains: 
“Each CPU has 
several cores and 
each core is split 
again. This allows 
several programs to 
run simultaneously. 

According to our analysis, one of these two areas must be deleted.” This would mean 
performance losses of 50 percent. Or in a cloud that is also threatened by the attack 
method, 50 percent fewer potential users on the same hardware. All processors de-
veloped by Intel between 2012 and early 2018 will be affected.

Store-to-leak forwarding also exploits the optimized working methods of computer 
processors and reads preloaded data. “The computer assumes that I want to reuse 
the data that I have just written into the processor. So it keeps them in the buffer in 
order to be able to access them more quickly,” explains Gruss. This way of working 
can be used again to explore the architecture of the computer processor and find the 
exact location where the operating system is running. “If I know exactly where the op-
erating system is running by the processor, I can launch targeted attacks on operating 
system vulnerabilities.”

The researchers reported the discoveries to the manufacturer Intel, which is now 
working on a solution. “All computer users should urgently install all new updates so 
that their computer systems are safe again,” Gruss recommends.
Further information on ZombieLoad: https://zombieload.com/zombieload.pdf
Further information on Store-to-Leak Forwarding: https://cpu.fail/store-to-leak.pdf  
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What is the role of blockchain in IoT?
By Mark Patrick

The Internet of Things (IoT) is transforming the IT industry 
and could have a major impact on all our lives. When it 
first appeared, everyone asked - “Is it real or just hype?” 

We are now asking exactly the same question about blockchain. 
Why is it proving to be such a hot topic and why is it getting so 
much media attention? Market research published via Report-
Buyer expects that by 2022 the global blockchain business will 
be worth $7 billion, and there seems to be good reason to be-
lieve that this will be an accurate prediction.

Heavyweights like IBM have been quick 
to get involved - creating a blockchain 
platform capable of serving the banking, 
healthcare and logistics sectors, and even 
government operations. Facebook has 
appointed a top executive to oversee its 
blockchain activities. 

What precisely is blockchain?
In simple terms, blockchain is a way to 
securely record transactions of digital as-
sets that are distributed over the network 
without going through a centralised, authorised entity (see 
figure 1). It was originally developed for Bitcoin cryptocurrency 
transactions, but is now be applied to many other market seg-
ments, including, for example, the insurance industry. Let us 
illustrate this with the use case of an insurance claim for a traffic 
accident. The process comprises filing in the claim, verification 
of the identity of the policy holder, the details of the accident 
from all parties concerned, approval of the claim and ultimately 
the settlement (including pay-out in a fair and timely manner). 
Blockchain can easily streamline this process, thereby reduc-
ing the cost and length of time taken to deal with the claim. A 
blockchain-formatted insurance 
contract can be stored over the 
Internet and made accessible 
to authorised users. Once the 
claim is initiated, the verification 
of the terms of the policy and the 
accident details (plus any police 
documentation) can be checked 
simultaneously, since the informa-
tion is securely available to the ap-
propriate parties. Once the claim 
is settled, the pay-out is done 
automatically and the electronic 
records of the settlement concur-
rently distributed to the parent 
insurance companies, the inde-
pendent insurance agents and the drivers. 

As demonstrated here, blockchain can be beneficial when 
it comes to automating complex processes where there are 
numerous parties to take into consideration. It generates auto-
matic records of transactions once they are input - with all these 
transactions being traceable, accessible and transparent. The 
key aspect here is that records cannot be altered by one party 
without informing all of the other parties involved. Furthermore, 

records are searchable over the Internet for auditing purposes 
and the identities of authorised users are verifiable. Many feel 
that because of these attributes blockchain is a game changer.

Using blockchain in relation to the IoT
It is undeniable that IoT momentum is now unstoppable. 
Cloud-to-things connections are creating new opportunities 
everywhere (see figure 2). Manufacturing, transportation (asset 

tracking), connected healthcare, 
automotive (autonomous driving), 
agriculture, smart buildings and 
smart cities are taking advantage 
of IoT. 

So what role will blockchain 
play in IoT? Through blockchain it 
is possible to provide the Internet 
connection, record distribution and 
storage for financial transactions. 
Here are three major benefits of 
blockchain from an IoT perspec-
tive. 

1. Increased security for financial transactions - Fraudulent 
transactions are a serious problem. Documents can be falsified 
or modified without anyone knowing it, resulting in money being 
sent to criminals. Blockchain can help agencies in the financial 
sector improve their security. For example, take a person as-
suming the identity of a deceased relative in order to continue 
collecting their social security benefits for years without being 
discovered. With blockchain, the social security system could 
be linked to the individual, so when a death certificate is issued, 
it will void all future transactions relating to the deceased per-

son. This would help stop fraudu-
lent claims. Blockchain offers a 
‘ledger-based’ approach for au-
thentication in an IoT network. The 
history of the transactions and the 
peer-to-peer communications are 
recorded and cannot be altered. 
Anyone with ill intent trying to 
tamper will the blockchain system 
is recorded. In short, blockchain 
goes beyond verifying that docu-
ments are authentic based on 
trust, it is truth-based because no 
unauthorised party can ever alter 
the content.

2. Improved operational efficiency - During a business 
transaction, some steps require a manual process. Blockchain 
can automate these steps and provide faster and better results. 
Authentication and verification processes are good examples. 
Often an institution or organisation requires the applicant to 
verify their true identity with a notary public service, which can 
be time consuming. With blockchain, the applicant with an 
account or working through an agent will be able to log into 
an account and get verified instantly. The efficiency concept 
can be expanded. For example, because blockchain provides 
the capability for peer-to-peer transactions and communica-

Mark Patrick is Technical Marketing Manager, EMEA at Mouser 
Electronics - www.mouser.com 

Fig. 1: Schematic detailing blockchain’s peer-to-peer digital 
ledger service technology and its key use cases.
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tions, it could potentially enable a new 
IoT-based business model where users 
and providers of electricity bypass the 
traditional gas and electricity utilities. 
Likewise, with solar technology, many 
new providers could be operators of 
photovoltaic resources tied to a lo-
cal power grid. This could potentially 
disrupt the entire energy market as we 
currently know it.

3. Ability to facilitate the search-
ing and auditing of traceable records 
- Blockchain offers the convenience to 
search transaction records in the block 
shared by authorised users. Today, one may have to go to the 
county record office to wait in line to search for related records, 
which is clearly very time consuming. More importantly, when 
something goes wrong after the fact, authorities and regulators 
can audit the history and determine which party is responsible. 
Because the history of the records cannot be altered, it will help 
create accountability and transparency in any transaction. When 
applied to IoT, where huge numbers of transactions could be 
taking place every minute, the value of this could be immense. 

The challenge of implementing blockchain 
There are some challenges to implementing blockchain. If every 
transaction is recorded and transmitted over the IoT network 
by every financial institution, insurance, healthcare and logis-
tics company globally, think about the scale it would need. 
How would this impact upon data traffic and storage require-

ments? So far we have only seen 
some experimental work and 
small scale deployments. It is 
unclear what type of computing 
resources will be required and 
what their scope will be. Ques-
tions have consequently been 
raised about whether blockchain 
can be done in a practical man-
ner. On the other hand, we are 
witnessing the development of 
5G communications and GPU-
based supercomputers. It will 
be interesting to see how these 
technologies can help solve the 

potential blockchain problems outlined here.

The future of blockchain 
Blockchain is already recognised as the most well-known 
transaction-based IoT application, but it has some weaknesses 
too - such as potentially low performance speed and unused 
idle blocks consuming energy. There are other technologies 
similar to it, including IOTA, that are trying to gain market trac-
tion. One alternative in particular, Hashgraph, claims to offer the 
benefits of blockchain without the limitations. A new organisa-
tion called the Hedera Hashgraph Council has been established 
to promote this technology. Only time will tell which will eventu-
ally gain widespread market acceptance. For now, what is the 
best blockchain strategy? Instead of taking an all-or-nothing 
approach, it may be advisable to try it on a small scale first, in 
order to learn and experience both its benefits and its shortfalls.

Researchers find inherent security flaws in FPGAs
By Christoph Hammerschmidt

Field Programmable Gate Arrays (FPGAs) are electronic 
components that can be used more flexibly than standard 
processors. They are also used in large data centers for 

cloud services. Until now, the use of such services has been 
considered relatively safe. But researchers at the Karlsruhe 
Institute of Technology (KIT) have now found potential entrance 
gates for cyber-criminals.

Depending on their configuration, FPGAs can assume on 
almost any function of any other chip, 
which is why they are often used in the 
development of new devices or sys-
tems. “For example, FPGAs are used in 
the first product batch of new devices 
because they can be modified later - in 
contrast to an ASIC, whose expensive 
development is only worthwhile for very 
large quantities,” says Dennis Gnad from 
the Institute of Computer Engineering 
(ITEC) at KIT.

These versatile components are used 
in a wide variety of applications such 
as smartphones, data networks, automotive electronics and 
aerospace. FPGAs consume comparatively little power, which 
is ideal for use in the server farms of cloud services. In addi-
tion, these programmable chips have another advantage: they 
can be divided up as required. “For example, one customer in 
a cloud context can use one segment of the FPGA, another the 

other,” says Jonas Krautter, also from ITEC. This is an attractive 
usage scenario for cloud services. This includes, for example, 
tasks in the fields of databases, AI applications such as ma-
chine learning or financial applications.

The problem: “The use of an FPGA by several users at the 
same time is a gateway for malicious attacks,” says Gnad. 
Tricky hackers can use the versatility of FPGAs to perform side-
channel attacks. In such a scenario, attackers use the chip’s en-

ergy consumption to extract information 
with which they can crack its encryption. 
Such chip-internal measurements allow 
one customer of the cloud service to spy 
on another. In addition, hackers could 
not only spy out treacherous fluctuations 
in power consumption, they could also 
generate them themselves. “This could 
falsify the calculations of other custom-
ers or even cause the entire chip to 
crash, which could result in data loss,” 
explains Krautter. Similar dangers exist 
with other IC architectures, Gnad contin-

ues. For example, SoCs, which are frequently used in Internet of 
Things applications.

Gnad and Krautter intend to solve the problem by restrict-
ing users’ direct access to FPGAs. But this is not an easy task: 
the difficulty is to filter out malicious users without restricting 
benevolent users too much.

Fig. 2: IoT configuration showing cloud-to-things 
connections in a hierarchical manner.
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Siemens teams with Alphabet on cybersecurity
By Nick Flaherty

Siemens has teamed up with Chronicle, part of the same 
Alphabet group as Google, for cybersecurity of energy 
systems. Siemens will 

provide its expertise in industrial 
cybersecurity for Chronicle’s 
Backstory platform to give vis-
ibility of threats across informa-
tion technology (IT) and opera-
tional technology (OT). 

Backstory is a global cyber-
security telemetry platform for 
investigation and threat hunting 
and will be the backbone for a 
managed service for industrial 
cyber monitoring, in both hybrid 
and cloud environments. This 
allows energy companies to use cloud services to store and 
categorize data, while applying analytics, artificial intelligence, 
and machine learning to OT systems that can identify patterns, 
anomalies, and cyber threats.

The energy industry has historically been unable to cen-
trally apply analytics to process data streams, cost-effectively 
store and secure data, and identify malicious threats within OT 
systems. Research conducted by Siemens and the Ponemon 
Institute found that while 60 percent of energy companies want 
to use security analytical data, only 20 percent are using any 

analytics for security monitoring in the OT environment. Small 
and medium enterprises are particularly vulnerable to security 

breaches as they frequently do 
not have the internal expertise to 
manage and address increasingly 
sophisticated attacks.

“The innovative partnership 
between Siemens and Chronicle 
demonstrates a new frontier in ap-
plying the power of security analyt-
ics to critical infrastructure that is 
increasingly dependent on digital 
technology,” said Leo Simonovich, 
Vice President and Global Head, 
Industrial Cyber and Digital Se-
curity at Siemens Gas and Pow-

er. “Cyber-attacks targeting energy companies have reached 
unprecedented speeds, and our cutting-edge managed service 
unlocks the analytics ecosystem offering a new level of protec-
tion from potential operational, business and safety losses.”

“Energy infrastructure is an obvious example of cyber-
attacks affecting the physical world and directly impacting peo-
ple’s lives,” said Ansh Patnaik, Chief Product Officer at Chron-
icle. “Backstory’s security telemetry processing capabilities, 
combined with Siemens’ deep expertise, gives customers new 
options for protecting their operations.”

Global Blockchain accelerator program 
launches
An international team of experienced blockchain entrepre-
neurs has joined forces to launch Blockchain Propulsion – a 
global accelerator program headquartered in Crypto Valley 
with ‘Propulsion Hubs’ in Switzerland, Brazil, UAE, India, and 
China. Further hubs are planned this year in the United States, 
Singapore, South Korea, and Japan.
“Today, many blockchain projects 
are not only struggling to raise 
capital but are often bogged down 
by challenges beyond their core 
competencies and mission, such 
as navigating complex regula-
tory hurdles. In addition, many 
projects are often too tech-heavy 
and miss the important strategy, 
business, marketing, and financial 
acumen. Our team of experienced 
blockchain entrepreneurs and 
practitioners now offer specialist 
expertise to assist start-ups and 
enterprises to develop success-
ful blockchain-powered businesses and raise capital through 
STOs, traditional VC rounds, and private equity placement”, 
said Stefan Deiss, Founder and CEO of Blockchain Propulsion 
in a statement.
Projects selected for the program receive subject matter 
expertise on strategy, business model design, tokenomics, 
technology, legal and regulatory, marketing, security, asset 

tokenization, and fundraising, including affordable workspaces 
in all Propulsion Hubs. To deliver this true end-to-end service 
offering, Blockchain Propulsion has established strategic 
partnerships with leading specialist firms, including Espeo 
Blockchain, ChainSecurity, blockimmo, STX.SWISS, C2LAW, 
and The Relevance House. 
To qualify for the program, projects are required to meet high 
standards across a variety of criteria, including business idea; 

high disintermediation; network ef-
fects; team and talent; environmen-
tal, social and governance (ESG) 
impact; initial funding; legal and 
risk assessment. Projects already 
onboarded in the global accelera-
tor program include 88 InsurTech, 
OriginalMy, and Polo Multimodal 
Pecém – The Smart Chain City.
The new accelerator program is led 
by a group of blockchain entrepre-
neurs who understand the chal-
lenges that enterprises confront in 
adopting blockchain technology, 
that start-ups encounter when 

boot-strapping on their ventures, and that investors face when 
seeking to enter the blockchain space. The accelerator pro-
gram is backed by Switzerland Global Enterprise (S-GE), Can-
ton of Zug, Canton of Uri, Greater Zurich Area (GZA), swissnex 
India, and the Crypto Valley Association (CVA).
Blockchain
www.bpropulsion.com
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Small FPGAs double up as root-of-trust
With its MachXO3D FPGA, Lattice Semiconductor aims to 
provide comprehensive, flexible and robust hardware security 
throughout your products’ lifecycle to their decommission.

Unsecured systems can lead to data and design theft, product 
cloning and overbuilding, and device tampering or hijacking, 
reminded us Gordon Hands, Director of Marketing at Lattice 
Semiconductor with a few slides about recent notorious hacks. 
Designed to be the “first-on/last-off” component on circuit 
boards, the MachXO3D can protect, detect and recover itself 
and other components from unauthorized firmware access at 
every stage of a system’s lifecycle, from the point of manufac-
turing all the way to the system’s end of life.
By integrating security and system control functions such as 
a hardened configuration engine that only boots from au-
thenticated bit-streams and a secure dual configuration that 
improves update reliability (with storing the last good a golden 
image), the chip becomes the first link in chain of trust that 
protects entire systems. Lattice has also enhanced the configu-
ration and programming steps in the manufacturing process so 
the new FPGA can protect systems by securing communica-
tion between the MachXO3D and legitimate firmware providers 

throughout the component’s entire lifecycle, including system 
manufacture, transit, installation, operation and decommission-
ing.
The chip is pin compatible with the MachXO3 which is already 
used to develop the majority of control PLDs for critical infra-
structure, making the upgrade easy. Compliant with NIST SP 
800 193 Platform Firmware Resiliency (PFR) Guidelines, the de-
vice includes a control function FPGA with 4K and 9K look-up 
tables for implementing logic that instantly configures at power 
up from on device flash memory, up to 2700 Kbits of user Flash 
memory and up to 430 Kbits sysMEM embedded block RAM to 
provide more flexible design options. The chip can have up to 
383 IOs, configurable to support LVCMOS 3.3 to 1.0, and de-
signed to integrate into a wide variety of system environments. 
An embedded security block provides pre-verified hardware 
support for cryptographic functions such as ECC, AES, SHA, 
PKC and Unique Secure ID. Samples are available now.
Lattice Semiconductor
www.latticesemi.com
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Piezo-based energy harvesting  
within medical implants
By Bill Schweber

Researchers developed a prototype 
energy-harvesting transducer for 
medical implants, such as pace-

makers, using normal motion of the heart-
related blood vessels to generate critical 
power. 

Energy harvesting from the human body 
(approximately 100W of consumption 
at rest) in various forms appears to be a 
near-perfect power source fit for implanted 
medical devices, but practical issues have 
impeded its adoption as a solution. Funded 
by a five-year NIH Director’s Transforma-
tive Research Award, a research team at the Thayer School of 
Engineering at Dartmouth College worked with UT Health San 
Antonio (part of the University of Texas) and developed a new 
way to build a piezo-based 
harvesting transducer for 
these medical devices.

Their approach uses a 
combination of thin-film 
energy-conversion materi-
als with a minimally invasive 
mechanical design. The work 
and results are detailed in 
their paper “Flexible Porous 
Piezoelectric Cantilever on a 
Pacemaker Lead for Compact 
Energy Harvesting” published 
in Advanced Materials Tech-
nologies. 

Providing implanted power 
is a formidable challenge, 
noted Dartmouth engineering 
professor John X.J. Zhang, 
“How do you create an effec-
tive energy source so the de-
vice will do its job during the 
entire life span of the patient, 
without the need for surgery 
to replace the battery?” 
Research associate Lin Dong 
added, “Of equal importance 
is that the device not interfere with the body’s func-
tion. We knew it had to be biocompatible, lightweight, 
flexible, and low profile, which also makes it not only fit 
into the current pacemaker structure, but also scalable 
for future multifunctionality.”

To build the harvester transducer, the researchers 
used a combination of thin-film energy-conversion ma-
terials with a minimally invasive mechanical approach 
in a modified pacemaker design. They harnessed 
the kinetic energy of the lead wire that’s attached to 
a beating heart, and then converted it into electric-
ity to continually charge the batteries – see figure 1. 
The power-generating material, a specialized polymer 

piezoelectric film 
called polyvinyli-
dene fluoride-
trifluoroethylene 
(PVDF-TrFE), is 
designed with 
porous struc-
tures and then 
built into either 
an array of small 
beams or a flex-
ible cantilever.

The team 
created a dual-cantilever structure that wraps around the 
pacemaker’s lead, with the structure’s two free ends available 
for connection and subsequent energy collection – see figure 

2. The maximum output was 0.5V at 43nA at 1Hz, 
a little over 20nW. By adding a small proof mass 
of 31.6 mg on the tip of the dual-cantilever tip, 
the power output increased by a little over 80% 
since the added mass enabled a larger bending 
curvature, resulting in higher electrical output from 
the harvester.

For comparison, today’s ultra-low-power 
implantable biomedical devices require 0.3μW for 
cardiac-activity sensing, 10 to 100 μW for pace-
makers, 100 to 2000 μW for cochlear implants, 
and 1 to 10 mW for neural recording. An advan-
tage of this design is that it’s scalable: two (or 
more) units can be connected in parallel for a cor-
responding increase in power output. Initial testing 
is done using a mechanical shaker, of course, to 
simulate the motion of the myocardium and the 
corresponding deformation of a pacemaker lead.

The NIH Director’s Transformative Research 
Award is part of the High-Risk, High-Reward Re-
search program supporting “individuals or teams 
proposing transformative projects that are inher-
ently risky and untested but have the potential to 
create or overturn fundamental paradigms and 
may require very large budgets.”

This article was first published in Electronic 
Design - www.electronicdesign.com 

Fig. 1: Shown is the concept of piezoelectric 
thin-film energy harvester for an implantable 
cardioverter defibrillator and a flexible porous 
PVDF-TrFE dual-cantilever energy harvester on 
the AICD lead (A). Image from video analysis of 
a chronically implanted pacemaker lead from 
a dog (B). A dual-cantilever energy harvester 
within a soft tube on the pacemaker AICD lead 
(C). (Source: Thayer School of Engineering at 
Dartmouth College).

Fig. 2: Illustrated are a schematic of the porous piezoelectric-energy 
harvester (A); flexible porous PVDF-TrFE thin film (B); and scanning 
electron microscope image of the cross-section of the thin film (C). 
(Source: Thayer School of Engineering at Dartmouth College).
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Safe power in magnetic resonance 
imaging environment
By Patrick Le Fèvre

From the smallest to the largest, all electronic equipment 
requires power supplies, and with the increasing amount 
of wireless connected devices deployed in the medical 

environment, electromagnetic compatibility (EMC) has become 
a big concern for all users. In the vast majority of applications 
the power supplies’ EMC is manageable, but in some extremely 
demanding areas such as Magnetic Resonance Imaging (MRI), 
the challenges for power supplies manufacturers are twofold, 
not to disturb the sensitive equipment, but also not to be 
disturbed by the multi tesla (T) magnetic field generated by the 
core of the MRI.

How can you guarantee that power supplies exposed to 
such extreme conditions will do the job?

Operating a switching power supply in very high mag-
netic field environments is very challenging and even reaches 
certain technical and physical limits as we know them today. 
To surpass these limits, power designers are exploring new 
paths, combining state of the art power conversion topologies 
with advanced software and digital technologies. Let’s see at a 
glance how MRI works and how power supply designers have 
invented new power solutions able to operate in multi tesla 
environments.

Hydrogen nuclei are the key in MRI!
As we learnt at school, the human body is composed of 70% 
water. Water molecules are made up of two hydrogen atoms 
and one oxygen atom (H2O). An MRI machine can identify 
hydrogen nuclei contained in water molecules, which have a 
quantum physics property called spin. We can assimilate the 
Hydrogen proton to the planet earth rotating on its axis, with 
a north and a south pole. Under normal circumstances, these 
hydrogen proton bar-magnets spin in the body with their axes 
randomly aligned (see figure 1.1).

When the patient’s body is placed in a strong magnetic field 
the protons’ axes all line up. This uniform alignment creates 
a magnetic vector oriented along the axis of the scanner (see 
figure 1.2). Depending on the object under observation, the MRI 
scanners have different field strengths, usually between 0.5 and 
3 tesla (T) (note that the gauss unit is often used as well: 1 tesla 
= 10.000 gauss). The latest generation of MRI reach six tesla, 
thus Neurospin brain research is using 11.7 T, which is 234.000 
times the Earth’s field, and in the case of spectroscopy even up 
to 20 T. The main magnetic field is referenced as vertical or B0 
(B zero).

When additional energy in the form of a radio wave is added 
to the magnetic field (B0), the magnetic vector is deflected. 
The radio wave frequency that causes the hydrogen nuclei to 
resonate is dependent on the element sought and the strength 
of the magnetic field (see figure 1.3). Two magnetics fields are 
used, the Gradient (B1) and the RF field.

When the radio frequency source is switched off, the mag-
netic vector returns to its resting state, and this causes a signal 
(also a radio wave) to be emitted. It is this signal which is used 
to create the MR images. 

Patrick Le Fèvre is Chief Marketing and Communication Officer 
for Powerbox - www.prbx.com 

Fig.1: Hydrogen 
nuclei polarization 
during the MRI 
activation phases.
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Receiver coils are used around the body part in question to 
act as aerials to improve the detection of the emitted signal (see 
figure 1.4). The intensity of the received signal is then plotted on 
a grey scale and cross sectional images are built up (see figure 
2).

Multiple transmitted radio frequency pulses can be used in 
sequence to emphasize particular tissues or abnormalities. A 
different emphasis occurs because different tissues relax at 
different rates when the transmitted radio frequency pulse is 
switched off.

This simple description highlights the level of the strong 
magnetic fields involved in the hostile environment of MRI ap-
plications, in which power supplies designers must take into 
consideration when developing products for such types of 
demanding applications.

Forces in power
To understand what power 
designers have to consider, it 
is important to understand the 
magnetic and electromagnetic 
forces involved with an MRI scan-
ner and how they can interact with 
the power supply, which can also 
interact with the sensitive data 
collected by the different sensors.

Master magnetic field 
(B0)
B0 is generated by a permanent 
or superconducting magnet and 
is oriented along the main axis of 
the scanner (Z axis). Depending 
on the application, field intensity 
varies from 0.5 T up to 20 T.

Gradient fields (B1)
B1 is generated by a specific combination of coils in the three 
axis X, Y and Z. The pulsed frequencies are around 100 KHz 
with intensity as low as few mT/m. The frequency is adjusted 
to suit the object being examined and the frequency can be 
modulated. 

RF field
The RF field is generated by a separate coil in the X and Y-axis. 
The frequency range is comprised between 64 MHz and 299 
MHz with micro-tesla intensities.

How to provide power in such environments?
To avoid interference the best practice in powering MRI is to 
avoid alternative voltage/current (AC) and to only use continu-
ous voltage/current (DC), even for lighting. Master power sup-
plies are traditionally positioned outside the shielded operation 
room and the DC voltage distributed to the electronic equip-
ment via shielded cables.

To adjust the voltage from the main DC line to a specific load 
(e.g. 24 VDC to 12 VDC), the old generation of MRI equipment 
used a large variety of linear step-down voltage regulators, 
which reduces the risk of disturbances but inherent to their 
technology have a very low energy efficiency and high power 
dissipation. Requiring more power and better energy utilization, 
new generations of equipment have adopted switching power 
regulators, which paradoxically have improved power efficiency 

but have also become a source of potential disturbances! When 
the power supply is far enough from B0 and sensitive equip-

ment, efficient shielding and 
grounding can prevent inter-
ference but when the power 
supply is located close or even 
within B0, then power designers 
are facing real challenges.

B0 impact on the 
power supply

A switching power supply 
transforms a DC voltage into 
an AC one, and then rectifies it 
to DC. During the conversion 
process the transferred energy 
is stored in a transformer com-
posed of a coil(s) and a core, 
usually made of ferrite. The high 
density of B0 interacts directly 
with all ferromagnetic compo-
nents, saturating iron-cores and 

making it impossible to transfer the energy and even becoming 
a short circuit.

B1 impact on the power supply
The gradient field frequency is very much the same as the 

average switching frequency of conventional power supplies 
but induces a ‘current storm effect’ in cables and conductive 
areas. This also affects the switching performance of the power 
stage resulting in signal distortion, heat and in most of the case 
short circuit of the switching components.

RF field
Due to its much higher frequency, the RF field is less harmful for 
the power supply though induced currents could result in the 
form of similar collateral defects as generated by the B1 field.

Power supply impact on the master 
magnetic field
Even though the Larmor frequency is 42.58 MHz/Tesla for 
protons (hydrogen nuclei), there is a risk that the power supply 
switching spikes can impact the signal with the consequence of 
generating artefacts that affect image quality and resolution.

Power supply impact on the gradient fields
Because the switching frequency of a standard power supply 
is in the same range (100 KHz) of the gradient filed, that could 
interfere with the signal generated by the gradient loop, and as 
a consequence modify the encoded signal, resulting in image 

Fig. 2: MRI equipment with advanced data acquisition 
requires very stable power supplies able to operate in high 
magnetic field. Source: iStock / baranozdemir / PRBX.

Fig. 3: Triple outputs, multi-phases, PRBX coreless power 
supply sustaining B0 field.
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artifacts.

RF field
In the case of RF, the harmonics of the fundamental switch-
ing power supply could interfere with the RF coil loop causing 
alteration of the MRI RF signal and a negative effect on image 
quality.

How should you design a power supply to 
make it work?
Taking into consideration the different parameters, it is obvious 
that a suitable power solution will have to exclude ferromagnet-
ic components and its switching frequency should not interfere 
with the MRI signals.

Because conventional magnetic cores will saturate when ex-
posed to the B0 field energy, air-core inductors, having no fer-
romagnetic core material, should be considered. One downside 

of air-cored inductors is their low inductance values, which can 
be compensated by designing a multi air-cored power stage 
operating in parallel. Controlling multi-parallel air-cored power 
supplies requires the implementation of the latest digital control 
technology, offering a high degree of flexibility in how the differ-
ent power channel operate. Digital control allows designers to 
adapt the profile of the power supply to specific conditions.

Figure 3 shows an example of an advanced air-core power 
supply, the PRBX GB350. To accommodate the specific MRI, 
B0, B1 and RF specifications that it has been designed for, the 
GB350 has a fundamental switching frequency of 600kHz. With 
such a switching frequency and its four phase interleave mode, 
the GB350 has a resultant output frequency of 2.4MHz. This 
allows easier filtering and extremely fast regulation response 
times. The unit also includes EMI shielding to lower radiated 
emission and prevent any risk of artefacts (see figure 4).

In conclusion
By permanently innovating, the power supply industry has 
contributed to delivering efficient, sustainable and safe power to 
very demanding applications such as B0 field conditions. Ultra-
high field strength systems with a new generation of sensors 
will require extremely fast response power sources switching 
at 25 MHz to avoid harmonics in the safety band and I can 
foresee a new generation of coreless power supplies combin-
ing air-core, digital control and the use of Gallium Nitride (GaN) 
transistors. 

Fig. 4: PRBX coreless power supply sustaining B0 field 
shielded to protect against interferences.

Google to access health data at the source
By Julien Happich

While Google’s unmatched advert-driven revenues rely 
on the scavenging and analysis of internet-browsing 
and smartphone-generated user data, the search 

engine giant also aims to extract and monetize user health data, 
at the source.

Back in 2017, Google together with the Duke University 
School of Medicine, Stanford Medicine and the American Heart 
Association, launched the Project Baseline Health Study with 
the motto, “We’ve mapped the world, now let’s map human 
health”. Now lead by Verily, a Google sister company founded in 
2015 under the Alphabet umbrella, the project aims to leverage 
Google’s targeted advertising to enrol on a large scale a more 
diverse population willing to give-away its health metrics for 
clinical trials.

On its website, the company explains it wants to develop the 
tools to implement a more patient-centric, technology-enabled 
approach to research, and increase the number and diversity 
of clinical research participants. One such tool is the Baseline 
Platform allowing individuals to easily volunteer and share 
health data, which Google and its analytics tool could lever-
age to suggest participation into specific clinical trials for which 
certain of their health metrics may be prove particularly interest-
ing to explore. Registration is 3-step easy, you can even sign-in 
with a Google account if you already use one of the company’s 
services.

Another tool developed for long term clinical trials is the 

Study Watch, described as an investigational medical device 
intended for seamless and scalable data collection in clinical 
studies. The medical-grade wearable leverages specialized 
sensors and robust cloud infrastructure to capture and analyze 
physiological and environmental data.

“It is designed to appeal to a broad range of users for long-
term wear”, one can read on Verily’s Study Watch project page. 
The wirelessly collected data is to be processed in the cloud 
using the company’s back-end algorithms and machine learning 
tools.

The large scale enrolments could help research partners 
such as biopharmaceutical companies get a more comprehen-
sive view of human health, identifying the many factors that 
intervene in the transition from being a healthy subject to being 
diagnosed with a disease, to becoming a patient whose condi-
tion ought to be improved through a uniquely-tailored medica-
tion set.

Verily presents its vision in a somewhat chilling video, noting 
that while today’s cars integrate hundreds of sensors to con-
stantly check their condition and assess their safety, humans 
are still lacking this sort of preventive real-time health monitor-
ing which could help detect diseases as they unfold.

Instead of episodic reactive healthcare only taking place after 
a disease has been diagnosed, Verily suggests that constant 
monitoring through medical wearables would allow its partners 
to trial or suggest the best treatments, on a continuum custom 
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Researchers at MIT (Cambridge, MA) have developed 
a system that uses radio-frequency (RF) signal reflec-
tions from human bodies to wirelessly monitor people’s 

movement inside their homes to provide insight for behavioral 
research or medical care.

The system, called Marko, transmits a low-power RF signal 
into an environment and monitors changes if the signal has 
bounced off a moving human. Algorithms then analyze those 
changed reflections and associate them with specific individu-
als.

The system then traces each individual’s movement 
around a digital floor plan. Matching these movement 
patterns with other data, say the researchers, can pro-
vide insights about how people interact with each other 
and the environment.

In a paper on the system, the researchers described 
its real-world use in six locations: two assisted living 
facilities, three apartments inhabited by couples, and 
one townhouse with four residents. The case studies, 
say the researchers, demonstrated the system’s ability 
to distinguish individuals based solely on wireless sig-
nals, and revealed some useful behavioral patterns that 
shows that the system can provide a new, passive way 
to track functional health profiles of patients at home.

“These are interesting bits we discovered through 
data,” says first author Chen-Yu Hsu, a PhD student in 
the Computer Science and Artificial Intelligence Labo-
ratory (CSAIL). “We live in a sea of wireless signals, and the 
way we move and walk around changes these reflections. We 
developed the system that listens to those reflections to better 
understand people’s behavior and health.”

Once deployed in a home, the system works by first trans-
mitting an RF signal. When the signal reflections return from the 
environment, it creates a type of heat map cut into vertical and 
horizontal “frames,” which indicates where people are - appear-
ing as bright blobs on the map - in a three-dimensional space.

Vertical frames capture the person’s height and build, while 
horizontal frames determine their general location. As individu-
als walk, the system analyzes the RF frames — about 30 per 
second — to generate short trajectories, called “tracklets.”

A convolutional neural network — a machine-learning model 
commonly used for image processing — uses those tracklets to 
separate reflections by certain individuals. For each individual 
it senses, the system creates two “filtering masks,” which are 
small circles around the individual that basically filter out all 
signals outside the circle - locking in the individual’s trajectory 

and height as they move.
Combining all this information — height, build, and move-

ment — the network associates specific RF reflections with 
specific individuals. To train their machine learning model, the 
researchers had individuals temporarily wear low-powered ac-
celerometer sensors, which can be used to label the reflected 
radio signals with their respective identities. When deployed 
in training, Marko first generates users’ tracklets, as it does in 
practice. Then, an algorithm correlates certain acceleration fea-
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Wireless movement-tracking system promises health, 
behavioral insights
By Rich Pell

basis, “preventative and proactive healthcare” as one says in 
the video.

Another interesting quote from the presentation video “We 
will understand disease, at the individual level, not what makes 
someone sick, but what makes you sick” suggests that Google 
and its partners wants this all encompassing health monitoring 
strategy to reach the masses, or at the very least reach a critical 
mass that would make it feasible for the analytics engines to 
make medical recommendations to all the profiled internet users 
within its reach.

This may be individual medication or suggested treatments 
diligently pushed by Verily’s newly announced strategic part-
ners, namely Novartis, Otsuka, Pfizer and Sanofi, all biopharma-
ceutical companies eager to sell more drugs.

The companies, alongside academic research institutions, 
patient-advocacy groups and health systems, will now leverage 
Verily’s Baseline Platform to research and increase the number 
and diversity of clinical research participants.

“They will also explore novel approaches to generating real-

world evidence using the Baseline Platform to collect, organize 
and activate health information from electronic health records, 
sensors and other digital sources”, says the Verily press release 
announcing the brand new strategic alliance.

Knowing Google’s all encompassing capability to capture 
and analyse data and profile consumers throughout their 
connections to the web, and considering biopharmaceutical 
companies’ appetite for profit even at the risk of inadvertently 
creating sanitary scandals, this grand vision of improving every-
one’s health feels rather oppressive.

After all, isn’t it a clever marketing tactic to lure consumers 
(not just volunteers), for the sake of their future health, into be-
coming captive data-metered patients, orienting them towards 
a perpetual and lucrative adaptive medication with the promise 
to prevent or delay the onset of identified diseases? This could 
be just another monthly subscription, this time to a drug-on-de-
mand service where doses would be set by a machine learning 
algorithm, definitely trendy.

https://twitter.com/eenewseurope
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tures with motion features. When users walk, for instance, the acceleration oscillates 
with steps, but becomes a flat line when they stop.

The algorithm finds the best match between the acceleration data and tracklet, and 
labels that tracklet with the user’s identity. In doing so, Marko learns which reflected 
signals correlate to specific identities. In home deployments, say the researchers, 
Marko was able to tag the identities of individuals in new homes with between 85% 
and 95% accuracy.

The researchers hope health care facilities will use the system to passively monitor, 
for example, how patients interact with family and caregivers, and whether patients 
receive medications on time. The system may also replace questionnaires and diaries 
currently used by psychologists or behavioral scientists to capture data on their study 
subjects’ family dynamics, daily schedules, or sleeping patterns, among other behav-
iors.

Such traditional recording methods can be inaccurate, contain bias, and aren’t 
well-suited for long-term studies, where people may have to recall what they did days 
or weeks ago. While some researchers have started equipping people with wearable 
sensors to monitor movement and biometrics, patients often forget to wear or charge 
them.

Monitoring cameras are another alternative, but are more invasive and require 
someone to watch and manually record all necessary information. Marko, on the other 
hand, say the researchers, automatically tags behavioral patterns — such as motion, 
sleep, and interaction — to specific areas, days, and times.

Looking ahead, the researchers plan to combine Marko with prior work they’ve 
done on inferring breathing and heart rate from the surrounding radio signals. Marko 
will then be used to associate those biometrics with the corresponding individuals. 
It could also track people’s walking speeds, which is a good indicator of functional 
health in elderly patients.

Standard on smart body area networks to facilitate eHealth
The ETSI Technical Committee Smart BAN has recently published ETSI TS 103 
327, a standard for Smart Body Area Networks. The new smart body area networks 
standard establishes standardized service and application interfaces and facilita-
tors, APIs (Application Programming Interfaces) and infrastructure for interoperabil-
ity management and offers secure interaction and access to any SmartBAN data or 
entities. The resulting SmartBAN reference architecture is a global and integrated 
IoT reference architecture, oneM2M and Multi-Agent-based. The architecture is 

provided with cross-functional com-
ponents for allowing non SmartBAN 
enabled environments to interoper-
ate with SmartBAN and addresses 
network, syntactic, informational and 
semantic interoperability. SmartBAN 
uses a set of low-power embedded 
devices, mainly sensors, wearables 
or actuators, to collect and monitor 
vital data of a human being and their 
environment, but not exclusively. 
This ETSI specification will enable, 
for instance, each patient com-

ing to an emergency room to have their medical history already available, which 
should lead to an intelligent and accurate intervention. The SmartBAN reference 
architecture is managing semantic interoperability through in particular everything 
as a service (XaaS) mechanisms and a Web of Things (WoT) strategy, which will 
enable cooperation between different SmartBANs. It should lead to the creation 
of new cross-domain applications in order to integrate SmartBANs into the Web 
of Things and more global scenarios. On the service and application side, generic 
service enablers and standardized APIs will provide secure interaction and access 
to SmartBAN data or entities (data transfer and sharing mechanisms included), em-
bedded semantic analytics (device/edge/fog levels), automated alarm management, 
distributed monitoring or control operations.
ETSI
www.etsi.org
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Semiconductor laser used as an RF transmitter for Wi-Fi
By Wisse Hettinga

Researchers from the Harvard John A. Paulson School of 
Engineering and Applied Sciences transmitted a record-
ing of Martin’s classic “Volare” wirelessly via a semi-

conductor laser—the first time a semiconductor laser has been 
used as a radio frequency transmitter.

In a paper published in the Pro-
ceedings of the National Academy of 
Sciences, the researchers demonstrat-
ed a laser that can emit microwaves 
wirelessly, modulate them, and receive 
external radio frequency signals.

This research builds on previous 
work from the Capasso Lab. In 2017, 
the researchers discovered that an 
infrared frequency comb in a quan-
tum cascade laser could be used to 
generate terahertz frequencies, the 
submillimeter wavelengths of the electromagnetic spectrum that 
could move data hundreds of times faster than today’s wireless 
platforms. In 2018, the team found that quantum cascade laser 
frequency combs could also act as integrated transmitters or 
receivers to efficiently encode information.

Now, the researchers have figured out a way to extract and 
transmit wireless signals from laser frequency combs. Unlike 
conventional lasers, which emit a single frequency of light, laser 
frequency combs emit multiple frequencies simultaneously, 

evenly spaced to resemble the teeth of a comb. In 2018, the re-
searchers discovered that inside the laser, the different frequen-
cies of light beat together to generate microwave radiation. The 
light inside the cavity of the laser caused electrons to oscillate 
at microwave frequencies—which are within the communica-

tions spectrum.
“If you want to use this device for 

Wi-Fi, you need to be able to put use-
ful information in the microwave sig-
nals and extract that information from 
the device,” said Marco Piccardo, a 
postdoctoral fellow at SEAS and first 
author of the paper.

The first thing the new device 
needed to transmit microwave signals 
was an antenna. So, the researchers 
etched a gap into the top electrode 

of the device, creating a dipole antenna. Next, they modulated 
the frequency comb to encode information on the microwave 
radiation created by the beating light of the comb. Then, using 
the antenna, the microwaves are radiated out from the device, 
containing the encoded information. The radio signal is received 
by a horn antenna, filtered and sent to a computer.

The researchers also demonstrated that the laser radio could 
receive signals. The team was able to remotely control the be-
havior of the laser using microwave signals from another device.

Headlamp glass cover doubles as radar antenna
By Christoph Hammerschmidt

Autonomous vehicles require a large number of sensors - 
so many that vehicle developers are faced with the ques-
tion of where these sensors can best be placed. A joint 

research project between various institutes provides an interest-
ing answer: it is possible to integrate 
the radar sensors into the headlamps. 
Using a thin-film technology, these sen-
sors can be installed almost invisibly in 
the headlamps.

In the RadarGlass joint project, re-
searchers from the Fraunhofer Institute 
for Laser Technology ILT from Aachen, 
the Fraunhofer Institute for Organic 
Electronics, Electron Beam and Plasma 
Technology FEP from Dresden and the 
Institute for High Frequency Technol-
ogy IHF of RWTH Aachen University are working together to 
develop a layer system that enables the integration of radar 
sensors into car headlights.

“It’s the perfect position because they cover the near and far 
range completely and also allow a view to the side,” explains 
Patrick Gretzki, scientist in the Micro- and Nanostructuring 
Group at Fraunhofer ILT. Another advantage is the heat gener-
ated by the headlights, which ensures that the sensors are 
always free of ice and snow in adverse weather conditions and 
thus have an undisturbed view of the surroundings.

The project is investigating which thin-film system can be 
used to control radar waves with low losses without restricting 

the lighting task of the headlamp. The three institutes cover all 
the necessary competencies - from the development of a suit-
able coating system to the design of high-frequency compo-
nents and precise production using laser radiation.

Together, they developed a functional, 
electrically conductive thin film for the inside of 
the headlamp cover that can be used to shape 
and direct the radar beam in a targeted manner. 
The layer can manipulate the beam differently 
depending on the type of application: In order 
to detect and recognize pedestrians, the radar 
beam is directed to the side, for example. Like 
a human eye, the beam can also be focused on 
the near or far range.

In order to direct and shape the radar beam, 
small elements of the coating must be precisely 

structured so that they can act as antennas for the radar waves. 
The Fraunhofer ILT has developed a laser process to gener-
ate the antenna elements. Experience in this field has already 
been gained in a preliminary study on the structuring of thermal 
glazing. This normally blocks RF waves such as WiFi or mobile 
radio networks. After laser processing, the glass could be made 
selectively permeable for certain frequencies.

With a resolution of up to 10µm, the laser-manufactured 
structures are much more precise than those produced using 
conventional printing processes. Alternative methods such as li-
thography are limited to flat or slightly curved surfaces and can-
not be used for the complex 3D surfaces of headlight covers. 

https://twitter.com/eenewseurope
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In addition, this requires a complex 
process chain. Two obstacles that 
are overcome by the new laser-
based machining process.

With the aid of simulations, the 
RadarGlass partners are devel-
oping structures for the targeted 
manipulation of radar waves in the 
77 GHz range. Demonstrators are 
used to confirm and further develop 
the functionality of the technology. 

“With the demonstrators, we are proving 
that we can simulate, design and produce 
the antennas in such a way that they fulfil 
the desired properties,” explains Gretzki. 
“We are currently presenting the solution to 
industry representatives so that we can then 
proceed with further recycling steps. In the 
next phase of the project, we will install the 
solution in a real headlamp.”

Machine vision promises to make systems integrators obsolete
Yonatan Hyatt

Traditionally, machine vision solutions are developed and 
installed by a systems integrator, a professional who 
researches the specific Quality Assurance (QA) needs of 

a production line and designs a tailored solution. This process 
is expensive and time-consuming, but the advent of Autono-
mous Machine Vision is revolutionising the scene, making huge 
investments and long downtime a thing of the past.

In the cinematic classic Modern Times Charlie Chaplin 
interprets Charlot, a distressed factory worker whose only task 
is tightening bolts at an ever-increasing pace 
on an assembly line. Driven insane by this 
tedious and alienating job, he is eventually sent 
to a hospital to recover from a serious nervous 
breakdown.

Machine vision solutions were initially devel-
oped to liberate QA managers from the most 
Chaplin-like aspects of their jobs, monotonous 
and repetitive tasks that did not actively add 
value to the production line. Unfortunately, 
these traditional machine vision solutions come 
with many disadvantages: they have to be 
designed and installed by an external integrator, 
are expensive, and take a long time to create. 
Luckily, Autonomous Machine Vision (AMV) offers a revolution-
ary approach to QA, allowing manufacturers to have access 
to less expensive and user-friendly technology that does not 
require the intervention of any external expert.

The new alternative
The technology that makes it possible is Plug & Inspect, which 
has been developed by Inspekto, a German industrial company 
with Israeli DNA. It combines computer vision, deep learning 
and real-time software optimization technologies for a ground-
breaking QA experience.

Its operating principle is simple: given a sample of good 
products—20 to 30, depending on their complexity—the system 
will learn the characteristics of a perfect item and signal any 
abnormality. The system takes into consideration different po-
sitioning of the item, light changes and other environmental vari-
ables and is able to discern between them and actual defects. 
Furthermore, the system keeps learning and improving itself: if it 
flags a product as defective but an operator deems it as good, 
the same variation will not be considered again in the future.

Unlike traditional machine vision solutions, Plug & Inspect 

powered systems don’t need to learn how to recognize a faulty 
part. This is usually a time-consuming process that requires a 
certain number of items with various abnormalities, which the 
manufacturer may not have. On the contrary, Plug & Inspect 
learns based on good products.

Simpler, inexpensive, faster
Plug & Inspect can be installed in 30 to 45 minutes, more than 
1000 times faster than traditional machine vision solutions, 

whose design and installation usually takes from 
six weeks to a year. Moreover, any employer on 
the plant can easily set up and run the system 
independently, without the help of any external 
expert.

The technology is self-handling and self-
adapting, meaning that the manager can decide 
to move it to other areas of the production line 
at any time, and thanks to its deep learning 
capabilities the system will adjust to suit the QA 
requirements of that particular junction. To top it 
off, the production line can keep running during 
set up, installation and change-over, eliminating 
the problem of downtime completely.

In Modern Times, Charlot prefers jail to his repetitive tasks 
at the factory, but thanks to this new technology, the tedious 
aspects of visual manual QA are indeed a thing of the past. Plug 
& Inspect combines ground breaking technology with the most 
user-friendly interface, to make QA managers love their jobs.

Radar sensor, integrated into the glass of the 
headlamp. (C) Fraunhofer ILT

Yonatan Hyatt is CTO of Autonomous Machine Vision expert 
Inspekto - www.inspekto.com 
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140GHz radar leverages AI  
for intuitive user interfaces
To be presented during FutureSummits 
2019, imec has developed a compact 
highly-sensitive 140GHz MIMO (multiple-
input multiple-output) radar system, which 
the research centre will demonstrate for 
gesture recognition. The radar 140GHz 
operates up to a range of 10m, with 15mm 
range resolution and 10GHz of RF bandwidth. Multiple antenna 
paths are incorporated to enable a complete (virtual) 1x4 MIMO 
configuration to achieve angular target separation. The trans-
ceiver chip features on-chip antennas, and are integrated in 
28nm bulk CMOS technology, ensuring a low-cost solution at 
high volume production. By adding machine learning capabili-
ties, imec has also demonstrated the radar’s capability to detect 
and classify small motions based on Doppler information. “This 
opens new opportunities, for example, enabling gesture recogni-
tion for intuitive man-machine interactions”, explains Barend van 
Liempd, R&D manager at imec. “Think about the AR/VR space, 
where the new radar can support intuitive interaction with virtual 
objects. Gesture recognition can potentially also enable intui-
tive device control – complementary to existing interfaces such 
as voice control or smart touch screens.” Being insensitive to 
lighting conditions and preserving privacy (a radar can so far not 
recognize humans), a radar solution has particular advantages 

over other types of motion sensors, for example 
time-of-flight-based infrared cameras. And, being 
extremely compact, the 140GHz radar system 
can be integrated invisibly in almost every device, 
such as laptops, smartphones or screen bezels. 
Imec has developed a specific machine learning 
algorithm based on a multi-layer neural network 
including an LSTM layer and using supervised 
learning to train the inference model by using 

in-house labelled recordings of more than 25 people, including 
several captures for each of 7 different gestures. Against the ex-
perimental dataset, the model classifies the recorded 7 gestures 
and predicts the right gesture at least 94% of the time.  Aside 
from gestures, vital signs can also be measured with very high 
precision thanks to the high radio frequency. Therefore, the radar 
is an excellent candidate for in-car vital sign monitoring systems, 
to enable non-contact tracking of the driver’s state, e.g. to detect 
falling asleep, abnormal stress levels or possibly to prevent ac-
cidents due to acute health hazards. To enlarge data richness 
and spatial information, imec is currently building a 4x4 MIMO 
radar system, for which a new generation of radar chips is under 
development – incorporating the TX and RX as separate chips. 
This will allow a greater flexibility in distributing the MIMO array 
elements across the available area.
Imec
www.imec.be

Ultrasonic sensor monitors liquid flow rate
Development service provider Unitronic GmbH presents the ul-
trasonic flow sensor modules from Chinese company Audiowell 

Electronics. The FS000X series uses ultrasonic 
sensors to perform real-time flow measure-
ments. They are used, for example, to detect 

leaks or monitor water consump-
tion. Leaks in pipes or sanitary 
fittings cause not only water wast-

age, but also material damage. Leak sensors 
installed on the floor are usually used to warn 

if water or moisture escapes. However, they cannot report if the 
leakage occurs in non-visible places, such as damaged water 
pipes. This is where Audiowell’s ultrasonic sensors come in. The 
Audiowell ultrasonic flow measurement module uses ultrasound 
to measure liquid flow and digitally outputs the flow rate in real 

time. It consists of a lead-free measuring tube and a pair of con-
nected ultrasonic sensors operating in master-slave mode. The 
circuit integrated in the sensor can calculate the instantaneous 
flow and the accumulated water consumption according to 
the time-of-flight method and thus monitor the condition of the 
liquid and pipe. It provides higher accuracy than conventional 
flowmeters. The flow data is available for further processing 
via a serial communication interface. Due to the wide dynamic 
range, any drop from 1 to 6 litres per hour can be detected re-
gardless of where the leak occurs. The flow rates are calculated 
by the integrated circuit, which provides the data in a digital 
format. This flow data is used, for example, in smart home 
systems, where leak warnings can be sent to the occupant via a 
mobile app when he or she is absent. 
Unitronic GmbH
www.unitronic.de

CameraCubeChip aids AR/VR eye-tracking  
and machine vision
The OVM7251 CameraCubeChip module is built on the 3-mi-
cron OmniPixel global shutter architecture and offers a 640 by 

480 VGA-resolution camera module. 
The module is available in an 850nm 
version for AR/VR eye tracking, and 
a 940nm version for machine vision 
and 3D sensing in mobile facial 
authentication. The sleep current 
consumption is 5 microamps, and 
during active mode, the module’s 
global shutter enables fast image 

capture, in turn reducing power consumption. Potential ap-

plications include head-mounted displays for AR/VR, facial 
authentication in smartphones, and machine vision for factory 
automation, barcode readers and robot vacuum cleaners. The 
OVM7251 module is available now for sampling and volume 
production, along with an evaluation kit. “Until now, most 
camera modules for these applications have been built with 
rolling shutters, which have latency issues. Meanwhile, global 
shutter modules have previously been too large and expensive,” 
said Aaron Chiang, marketing director at OmniVision. “Our new 
OVM7251 overcomes these challenges by providing a cost-
effective VGA module with global shutter performance in a 
wafer-level, reflowable form factor.”
OmniVision
www.ovt.com
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Low profile piezo actuators deliver  
high acceleration and large forces
TDK has extended its portfolio of PowerHap piezo actuators for 
haptic feedback with miniature rectangular 0904H014V060 and 

1204H018V060 
actuators 
measuring only 
9x3.75x1.4mm 
and 
12x4x1.8mm, 
respectively. 
At the maxi-
mum operat-
ing voltage of 
60V, the new 
piezo actuators 

can accelerate a mass of 100 grams at 3.3 g (pk) or 5 g (pk) 
with maximum displacements of 15 µm or 27 µm, respectively. 
The devices draw only 0.35mJ or 0.6mJ per feedback while 
delivering high acceleration and large forces in a very compact 
design, coupled with a response time under one millisecond. 
In addition to its actuator properties, PowerHap also offers 
good sensing functionality by using the inverse piezo effect. 
Typical application areas for the new PowerHap actuators 
include smartphones and tablets, household appliances, game 
consoles, VR/AR equipment, digitizers and handheld medical 
devices.
TDK Electronics
www.tdk-electronics.tdk.com

Image sensor targets smartphones  
with 64 megapixels
Samsung has expanded its 0.8μm pixel image sensor lineup 
with the 64-megapixel Isocell Bright GW1 and the 48-megapix-

el Isocell Bright GM2. Isocell Bright 
GW1 is a 64-megapixel (64Mp) im-
age sensor that features the highest 
resolution in Samsung’s 0.8μm-pixel 
image sensor lineup. With pixel-
merging Tetracell technology and re-
mosaic algorithm, GW1 can produce 
bright 16Mp images in low-light 
environments and highly-detailed 

64Mp shots in brighter settings. To take pictures resembling 
the way the human eye perceives its surroundings in a mixed 
light environment, GW1 supports real-time high dynamic range 
(HDR) of up to 100-decibels (dB) that provides richer hues. In 
comparison, the dynamic range of a conventional image sen-
sor is at around 60 dB, while that of the human eye is typically 
considered to be around 120 dB. GW1 is equipped with a Dual 
Conversion Gain (DCG) that converts the received light into 
an electric signal according to the illumination of the environ-
ment. This allows the sensor to optimize its full well capacity 
(FWC), utilizing the collected light more efficiently especially in 
bright environments. Sharper results can be delivered through 
Super PD, a high-performance phase detection auto-focus 
technology, and full HD recording at 480 frames-per-second 
(fps) is supported for smooth cinematic slow motion videos. 
Isocell Bright GM2 is a 48Mp image sensor that also adopts 
Tetracell technology in low-light environments and a remosaic 
algorithm in well-lit settings, bringing highly-detailed pictures 
with natural and vivid colors. GM2, like GW1, adopts DCG as 
well for added performance and Super PD for fast autofocus. 
Samsung Isocell Bright GW1 and GM2 are currently sampling 
and are expected to be in mass production in the second half 
of this year.
Samsung
www.samsung.com

Force sensor made more robust
Alps Alpine Co. Ltd. – the merger of Japanese companies Alps 
Electric Co. Ltd. and Alpine Electronics Inc. – has added the 
HSFPAR004A force sensor to its line. The sensor is suitable 

for stylus pens and 
other input devices. 
The device has a 
breaking load of 55 
newtons, and detects 
a force of less than 
0.01 newtons. It has 
an endurance of 
more than one million 

operations. The linearity is less than 2 percent deviation from 
full scale and the unit is 2.0mm by 1.6mm by 0.66mm. Besides 
its use in input devices, the sensor is suitable for industrial 
machines handling precision equipment and a range of diverse 
applications, especially on the grip parts of robot arms for 
precision grip force adjustments.
Alps Alpine Co. Ltd.
www.alpsalpine.com

Fluid sensors combine pressure  
and temperature monitoring
Wenglor’s weFlux² fluid sensors combine two measuring func-
tions into a single housing, simultaneously acquiring relative 

pressure and the 
temperature of 
liquids and gases via 
its intelligent IO-Link 
1.1 interface.
The temperature 
sensing element has 
been integrated into 
a pressure measur-
ing cell, leading to 
fewer sensors for 
process monitoring 
and more compact 

systems and machines. All of the sensors included in the 
weFlux² series are equipped with the most up-to-date IO-Link 
version 1.1. They can be used to acquire all relevant process 
values such as pressure, flow and temperature. In combination 
with wenglor’s wTeach2 software, a digital platform is created 
for smart machines, enabling the automated configuration of 
fluid sensors before engineers can evaluate and visualize the 
acquired data in real-time. The sensors offer a temperature 
measuring accuracy of ±1°C across the -40 to +125°C temper-
ature range, and measure a pressure range of -1 to +10 bar.
wenglor sensoric GmbH
www.wenglor.com

SENSORS
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Open frame non-isolated DC-DC converter  
is only 3.50mm thick
Designed for applications requiring non-isolated step-down 
circuits, Mornsun’s K78-JT-500R3 Series of open frame 

non-isolated DC-DC 
converters is only 
3.50mm thick, with an 
SMD package footprint 
of 12.50x13.50mm. The 
new series provides an 
ultra-wide input volt-
age range of 4.75 to 
36V and an operating 
temperature ranging 

from -40 to +85°C, removing the need for a heat sink. The 
K78-JT-500R3 Series delivers an efficiency up to 95%, features 
low stand-by power consumption and short-circuit protection, 
which can be widely used for applications in industrial control. 
Depending on the part number, the DC-DC converter outputs 
500mA at 3.3 to 15V.
Mornsun
www.mornsun-power.com

Shielded power inductors from 22 to 47µH
Coilcraft’s new XAL7050 Series of high-temperature power 
inductors is available with inductance values from 22 to 47 
µH and current ratings as high as 5.5 Amps, with low DCR for 

greater efficiency. For lower 
inductance values, Coilcraft 
offers a lower-profile com-
panion, the XAL7030 power 
inductor, with an identical 
footprint and inductance 
range of 0.16 to 10µH. The 
XAL7050 measures just 
7.2x7.5x5.0mm and features a 

rugged, composite construction that provides magnetic shield-
ing and minimizes audible buzzing. It is qualified to AEC-Q200 
Grade 1 (−40°C to +125°C) standards and exhibits no thermal 
ageing issues, making it suitable for automotive and other 
harsh-environment applications. Soft saturation characteris-
tics allow the XAL7050 to withstand high current spikes. The 
XAL7050 features RoHS-compliant tin-silver (96.5/3.5) over 
copper terminations and offers a maximum reflow temperature 
of 260°C. COTS Plus tin-silver-copper and tin-lead termina-
tions are also available.
Coilcraft
www.coilcraft.com

MISCELLANEOUSDESIGN & PRODUCTS

Digital signal conditioner for Rogowski coils
LEM’s integrator AI-PMUL is a versatile digital signal condi-
tioner of Rogowski coils secondary signal, designed to offer a 
wide range of standard analogue True RMS and instantaneous 

outputs. The Rogowski coils 
output voltage is proportional 
to the derivative of primary 
current. An electrical integra-
tor circuit is therefore neces-
sary to convert this signal, 
so it is proportional to the 
value of the primary current. 
This integrator is an essential 

component in current measurement with a Rogowski coil, and 
the amplification stage architecture and implementation have 
a major impact on the sensor’s electrical performance such as 
linearity, phase-shift and frequency bandwidth. With a linearity 
error below 0.1% and combined with LEM ART & ARU class 
0.5 Rogowski coils, it offers a universal metering and monitor-
ing solution with an exceptional measurement accuracy up to 
5000 A . The integrator AI-PMUL covers in one universal prod-
uct all the ratings that are expected. The setting of the current 
range, input sensitivity and output selection is made through 
a simple, reliable and error free system using ergonomic push 
buttons (x2) and visible bi-colour led where green is for current 
range and red is for input sensitivity and output selection. Us-
ers can select between 12 current ranges from 100 A to 5000 
A, 6 Rogowski coil sensitivity from 22.5 to 120 mV/kA and 6 
possible outputs (4 true RMS output: 0-20 mA, 4-20 mA, 0-5 V 
and 0-10 V and 2 instantaneous voltage outputs: 0-225 mV and 
0-333 mV). The AI-PMUL comes in a 100x78x15mm unit to be 
mounted on a 35mm DIN rail.
LEM
www.lem.com

32-bit motor control MCUs have hardware 
accelerator IP for servo control
Renesas Electronics’ RX72T Group of 32-bit motor control 
MCUs come with dedicated hardware accelerator IP to perform 

the complex, high-
speed computations 
required for motor con-
trol in robots and other 
industrial equipment. 
The RX72T Group of 
motor control MCUs 
achieves an 1160 
CoreMark score as 
measured by EEMBC 

Benchmarks – the highest level for a 5V MCU operating at 
200 MHz, claims the manufacturer. The dedicated accelera-
tor hardware allows the current control loop calculation to be 
performed in less than 1.5µs, providing a new option for users 
to independently develop servo systems where previously 
they only had the option of purchasing existing servo systems. 
Implementing calculations in software can require excessive 
computing time. However, completely hardware-based calcula-
tions can adversely affect the flexibility to implement unique 
user control operations. With the RX72T MCUs, Renesas 
resolves the issue by implementing only the single-precision 
floating point trigonometric function (sin, cos, arctan, hypot) 
and a register bank save function in hardware as dedicated 
IP. This retains the flexibility while increasing the calculation 
speed. Furthermore, the register bank save function increases 
the speed and precision of interrupt handling, improving the 
device computation performance. The MCUs also include 200 
MHz PWM inverter control timers with up to 4 channels of 
3-phase control, 2 channels of 5-phase control or 10 channels 
of single-phase control. The MCUs will be available in mass 
production quantities beginning in Q4 2019.
Renesas Electronics
www.renesas.com
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Cobalt-iron material increases power density 
for motor applications
Laminations made of cobalt-iron alloys are frequently used in 
aviation or motor sports as typically 20 to 30 % higher power 

densities can be 
achieved compared 
to electrical steel. 
With its new CoFe 
alloy Vacoflux X1, 
Vacuumschmelze 
has succeeded in 
closing the exist-
ing gap between 
electrical steel and 

materials with a high cobalt content. The material can increase 
torque up to 12.5% compared to NO20 material, without 
rotor adaptation. The new material also supports increased 
efficiency, reducing copper losses by up to 28 %, according 
to a recent study cited by the manufacturer. This leads to an 
increase in the achievable range of the vehicle without having 
to increase the size of the battery.
Vacuumschmelze GmbH & Co. KG
www.vacuumschmelze.com

Single-Stage LED driver-controller  
has power factor over 0.9
Diodes Incorporated has released a single-stage, fly-back and 
buck-boost LED driver-controller for commercial, connected, 

and dimmable LED 
lighting installations 
operating at up to 100W. 
The AL1665 is designed 
to drive an external 
MOSFET to control 
LED loads and maintain 
a high power factor. 
Designed to operate 
from an AC input voltage 
of between 85VAC and 

305VAC, the LED driver-controller uses primary side regula-
tion (PSR) topologies, removing the need for optical isolation 
or secondary side control. With PSR, developers can design 
smaller solutions using less PCB area and achieve lower bill of 
material costs, while delivering constant current regulation to 
high-power LED lighting applications. The ability to apply dim-
ming across 0.5% to 100% of the high-power output makes 
the AL1665 suitable for commercial LED applications where the 
lighting output levels need to be adjustable to save power, or 
for aesthetic purposes like in retail displays. Compatible with 
ANSI-approved dimmers, the output voltage can be adjusted 
between 0V and 10V using a dedicated PWM input, or with 
an analog input voltage of between 0V and 2.5V. The device 
employs boundary condition mode (BCM) conversion with 
valley switching to minimize losses and deliver high efficiency 
with low EMI. The device’s line and load regulation of less than 
±2%, power factor of more than 0.9, and THD of less than 20% 
enables manufacturers to comply with all relevant legislation. 
The AL1665 comes in a SO-8 package. 
Diodes
www.diodes.com

DC slotless motor runs at up to 40,000 rpm
Portescap has expanded its Ultra EC range of brushless DC 
slotless motors with the introduction of a ultra-high speed 2 
pole motor, the 35ECS. The 35mm diameter slotless motor 

draws up to 330W maximum 
in continuous operation and 
sustains speeds up to 40,000 
rpm. The new design comes 
in two lengths: the 35ECS60 
at 60mm and the 35ECS80 
at 80mm , with peak torque 
s during 2s up to 1.1Nm and 
2.0Nm, respectively. Both mo-
tors feature the company’s pat 
ented Ultra EC coil technology 

which provides unparalleled torque and power density with lim-
ited core losses over a wide range of working speeds without 
friction and brush wear. The se motors feature a laser welded 
front flange to ensure the strongest housing to sustain high 
torque reaction. A temperature probe on the coil head ensures 
an optimized control of motor performances in heavy duty ap-
plications. The devices are offered with hall sensors and a total 
of 6 different coils to match your speed and voltage require-
ments. Upon request, Portescap can also provide options for 
customization including gearboxes, encoders, coil variations 
and mechanical interface modifications. 
Portescap
www.portescap.com
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High-current photorelays  
achieve UL 508 certification
Toshiba Electronics’ high-current photorelays are now avail-
able with UL 508 certification for factory automation. All of the 

nine devices in the series 
include low on-state 
resistance MOSFETs 
based upon Toshiba’s 
U-MOS VIII process that 
ensure high performance 
in a wide range of ap-
plications. The UL 508 
and UL1577 approvals 
allow designers to easily 

meet the UL safety requirements for control equipment, includ-
ing the thermal design margin, thereby easing the sale of such 
equipment on a global basis. The devices can be used for relay 
replacement in DC systems to 125V and AC systems to 400V, 
replacing 1-Form-A and other mechanical relays. The series 
comprises a total of nine devices housed in DIP packages with 
4, 6 or 8 pins (DIP4, DIP6 or DIP8). All packages have a surface 
mount option available, including wide-body versions. Devices 
are able to operate across the industrial temperature range of 
-40°C to +85°C ambient, while the case temperature can safely 
rise to 105°C. The photorelays can handle OFF-state output 
terminal voltages (V OFF) as high as 600V. They offer ON-state 
resistances (R ON) as low as 22mOhm and can handle con-
tinuous currents (I ON) up to 5A. The pulsed current (I ONP) is 
three times this level, thereby contributing to design safety.
Toshiba Electronics
https://toshiba.semicon-storage.com
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RS and Cypress launch Bluetooth  
IoT design competition
RS Components and Cypress semiconductor have launched 
a new design challenge based around IoT Bluetooth technolo-

gies. ‘Make With 
Mesh’ challenges 
developers to cre-
ate a project based 
around Cypress’ 
new Bluetooth IoT 
boards, specifically 
the: EZ-BT Blue-
tooth Mesh Devel-

opment Kit and the CYW20819 Bluetooth 5.0 Arduino Evalu-
ation Board, both available from RS. The two boards provide 
ultra-low-power consumption and full support for Bluetooth 
Mesh.
RS Components
www.rs-online.com

Avnet Silica joins European  
cyber security organisation
Distributor Avnet Silica has been approved as a full member 
of ECSO – the European Cyber Security Organisation (www.

ecs-org.eu). Joining the or-
ganisation, Avnet Silica aims 
to develop a cyber security 
ecosystem that supports the 
protection of the European 
digital single market and the 
advancement of European 
digital autonomy. Membership 
of the organisation will provide 

the distributor with access to the latest activities within the 
fields of security standardisation and legislation. In addition, 
Avnet Silica will be able to convey issues or key concerns from 
customers – including small and medium enterprises.
Avnet Silica
www.avnet-silica.com

Partnership simplifies secure  
scalable IoT cellular connectivity
Arrow Electronics, Infineon and Arkessa will work together to 
extend Arrow’s ability to support cellular communication to 

the IoT. Arrow will provide 
IoT connectivity solutions 
centred around Infineon’s 
secured hardware control-
lers based on GSMA’s eSIM 
specification and Arkessa’s 
secured mobile data ser-
vices for IoT device manage-
ment. eSIMs provide greater 

security and reliability in multiple IoT applications and can be 
flexibly coupled with cellular, NB-IoT, and LTE-M services from 
Arkessa.
Arrow Electronics
www.arrow.com

Summer Code Club Challenge launches  
with a STEM focus
In association with educational project kit developers Kitronik, 
element14.com has launched its latest STEM initiative, the 

Summer Code Club Chal-
lenge. The Summer Code 
Club Challenge aims to 
empower parents, teachers 
and STEM ambassadors to 
set up summer code clubs 
in their local communities, 
helping young people ac-
cess coding and digital lit-

eracy resources and support while schools are closed. Anyone 
who runs or would like to run a code club between the months 
of June and August 2019 can submit an application detailing 
when, where and how they plan to run their local club. 
Farnell
www.farnell.com

Anglia adds LED optics to its lighting portfolio
Distributor Anglia has added an exceptionally extensive range 
of secondary LED optics to its LED lighting portfolio with the 
addition of Khatod a manufacturer of reflectors, lenses, diffus-

ers and other accessories 
for LED Lighting, Infra-Red 
(IR) and Ultra-Violet (UV) 
applications. Khatod design 
and manufacture all prod-
ucts 100% in-house at their 
modern facilities in Milan, 
Italy. Anglia will be stock-
ing an extensive range of 

popular Khatod solutions including its Reelenses optics for 
Mid Power LEDs supplied on Tape and Reel packaging for high 
volume manufacturing. It will also be stocking silicone material 
lenses too.
Anglia
www.anglia.com

u-blox extends Digi-Key  
distribution agreement globally
u-blox extended its distribution agreement with Digi-Key to a 
global agreement, from the original agreement that only covered 

the Americas. u-blox products 
will now be sold by the distributor 
worldwide, including on 80 country 
websites that together trade in 28 
different currencies. The partnership 
will extend the availability of u-blox 
technology to regions that the 
company alone has not yet reached, 
as well as making it more accessible 

to designers working in mid-sized companies and start-ups. Digi-
Key’s global footprint will make it easier to ensure that customers 
get fast access to evaluation kits and product samples.
Digi-Key
www.digikey.com
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RoHS 3 – The deadline is coming soon!
By Patrick Le Fèvre

As specified in the European Directive 2015/863, from 
the 22nd of July 2019 onwards, electronic equipment 
manufacturers will have to comply with the third revision 

of the Restriction of Hazardous Substances 
(RoHS), referenced as RoHS 3. All catego-
ries of electrical and electronic equipment 
are affected except medical devices and 
monitoring and control instruments, for 
which restrictions will apply from the later 
date of 22 July 2021 to take into account 
their longer innovation cycles. The “Revi-
sion 3” adds four additional restricted 
substances, listed under phthalate, to the 
original list of six (see table 1).

In 2010 some phthalates were on the 
REACH candidate list or listed in REACH 
Annex XIV as subject to the authorization 
process. They were also included in the 
European Commission’s proposal for the 
recast of the EU Directive on the restriction 
of hazardous substances (RoHS) in electri-
cal and electronic equipment as priority 
substances to be assessed for potential 
restriction, which eight years later is now 
happening.

Since the original listing in REACH, and in the candidate list 
of Substances of Very High Concern for authorization (SVHC), 
the risk and toxicity of the four substances, listed below, have 
been researched by international laboratories.

•  Bis (2-ethylhexyl) phthalate (DEHP)
•  Benzyl butyl phthalate (BBP)
•  Dibutyl phthalate (DBP)
•  Diisobutyl phthalate (DIBP)

The results of more than 10 years of 
tests and investigation exhibit a very high 
hypothesis that exposure to phthalates may 
affect human reproduction, development 
and risk of cancer. These results have mo-
tivated the European Commission to move 
the four phthalates from “Observation” to 
“Restriction and Interdiction”.

Phthalates are a group of chemical 
substances used to soften and increase 
the flexibility of plastic and vinyl. They are 
commonly used in all industries from food packaging to cables, 
in insulation tapes and in some resins, in short they are almost 
everywhere (see table 2).

This is yet another challenge for the electronics industry 
which after reducing the amount of lead, mercury, cadmium, 
hexavalent chromium, polybrominated biphenyls and polybro-

minated diphenyl ethers, is now further tasked with reducing 
the amount of the four listed Phthalates to below 1000 ppm in 
homogeneous material by weight.

On the way to compliance
As was the case for the previous six restricted substance in 
RoHS 1st edition and RoHS 2nd edition, due to the high usage 
of phthalates in electronics equipment - including in power 
supplies - designers must work in close cooperation with their 
suppliers to substitute such materials with “phthalate free” ele-
ments and components.

Due to some industries (e.g. medical) being more sensitive to 
the risk of phthalates affecting people (patients), as long ago as 
2010 they were informing and educating their suppliers about 
the forthcoming regulations, thus anticipating the demand for 
parts with less than 1000 ppm of the identified substances 
listed in REACH and SVHC. 

Today, a number of companies are offering RoHS 3 compli-
ant substitutes but there is a huge legacy lagging in the supply 
chain which will require some pretty intense work to ensure that 

Patrick Le Fèvre is Chief Marketing and Communication Officer 
at Powerbox (PRBX) - www.prbx.com

Table 1: From RoHS 1 to RoHS 3.

Table 2: The four banned phthalates are widely used across the whole industry.
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all products delivered after 22nd July 
are compliant, which for newly made 
products might not be a major problem 
but could be for products held in stock 
all over the world.

Are my products complying?  
What about legacy products?
Since the European Directive 2015/863 
was released the 31st of March 2015, de-
signers have worked with their suppliers 
to guarantee that all new products pre-
comply with the forthcoming regulation, 
but in some case it has been difficult to 
replace certain parts (e.g. insulation tape 
for high voltage transformers), thus de-
laying the compliance 
of some products. 
In three years’ time 
suppliers will have 
implemented different 
processes and sub-
stances to replace 
banned phthalates, 
but there are few 
questions remaining 
on special compo-
nents or parts.

However, if in new 
products the level of 
banned phthalates 
is reduced to below 
1000 ppm, the doubt 
remains for items laying in stock. To 
be on the safe side a number of com-
panies have taken the decision to run 
samples through an X-Ray Fluorescence 
(XRF) analyzer, and if this is not deemed 
enough to use Fourier Transform Infra-
red Spectroscopy (FTIR) testing methods 
and sometimes Scanning Electron Micro-
scopes (SEM).

The cost for such analysis could be 
substantial however, in the context of 
present day market conditions and the 
effects of component shortages, scrap-
ing products without knowing if the level 
of the four phthalates below or over the 
1000 ppm threshold might cost even 
more money.

Repair and maintenance, 
what should I do?
As specified in the Directive, the restric-
tion of DEHP, BBP, DBP and DIBP shall 
not apply to cables or spare parts for 
the repair, the reuse, the updating of 
functionalities or upgrading of capacity 
of electrical and electronics equipment 
placed on the market before 22 July 
2019, and of medical devices, including 
in vitro medical devices, and monitor-

ing and control instruments, including 
industrial monitoring and control instru-
ments, placed on the market before 22 
July 2021.

RoHS-1, RoHS-2, RoHS-3, 
what’s next?
“REACH aims to improve the protection 
of human health and the environment 
through the better and earlier identifica-
tion of the intrinsic properties of chemical 
substances.” That means that research 
on toxicology and its impact on health 
and the environment will continue in 
order to identify risks.

As well, the European Chemical 
Agency has worked on a “Roadmap for 
SVHC identification and implementation 
of REACH Risk Management measures 
from now to 2020” which gives an 
EU-wide commitment to ensure that all 
relevant, currently known substances of 
very high concern (SVHC) are included in 
the candidate list by 2020. 

The objective of the SVHC Roadmap 
is to screen to identify new substances of 
concern, and to analyze the risk manage-
ment options (RMO) appropriate to the 
particular substance of concern.

In today’s business environment, 
electronics engineers must permanently 
monitor the evolution of REACH and 
SVCH. With the growing concerns about 
health and the environment we can 
expect more substances to be added to 
the RoHS list, which in some cases may 
prove to be extremely challenging.

As in many other situations, know-
ing your industry, being innovative and 
investing in new technologies is probably 
the only way to go. 

RoHS Compliant – Source PRBX/Shutterstock/Olivier Le Moal
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