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 - LED LIGHTING

Improving reliability and lowering 
audible noise on LED drivers
A few tips on how to surmount 
the challenges of unwanted noise 
that can be associated with 
PWM dimming.

Long live the LED driver
Ensuring your LED driver lasts 
as long as your LEDs requires 
careful scrutiny of the data 
sheets. 

Making streets safer from 
dusk ‘til dawn starts with 
circuit protection
A review of circuit protection 
strategies to make the most 
of the extended lifetimes 
(and maintenance sa-vings) promised by LED lights.

 - INDUSTRIAL ROBOTICS

FPGAs and functional safety  
in industrial applications
A brief look at the integration of 
FPGA devices into applications 
found on the factory floor.

Searchable 4K mobile imaging soon a commodity
Cadence unveils new image 
and video processing DSP 
core, promising more pervasive 
vision processing functions.

3D camera-computer does all the  
vision processing you want
Seattle-based startup  
Orbbec is about to launch the 
first 3D-camera with a fully 
functioning built-in computer, 
capable of 3D image acquisi-
tion, but also real-time 3D map-
ping alongside any other video processing or robotic 
control functions.

 reader offer

This month, FTDI Chip is 
giving away six MCU deve-
lopment board packages 
complete with a dedicated 
compiler (including a full 
integrated development  
environment). Worth 315 
Euros each, the packages include a credit card sized 
Clicker 2 board for the FT90X 32-bit MCU supplied 
alongside a powerful dedicated compiler from Mikro-
Elektronika.

 distribution corner

 opinion

Uncommon Market:  
NFC concrete slabs for a smart city

Last Word: Keeping pace with real-time big data

 news & tecHnoLoGY

InvenSense’s Abdi on expanding 
MEMS horizons
InvenSense’s CEO Behrooz Abdi 
unveils strategic thinking at the 
MEMS company

Philips tests thermoplastically 
deformable circuits to house LEDs

Machine learning sets the pace  
of distribution
Digi-Key Electronics’ President and 
COO Dave Doherty shares his views 
on today’s consolidation climate 
and how distribution is set to evolve

Modular watch wants multiple 
shares of the wearable market

Switch to carbon at 3-to-5 nanometer 
If a breakthrough in carbon nanotube 
transistors from IBM Research pans 
out, the hard stop of 2028 in  
International Technology Roadmap 
for Semiconductors (ITRS) is about 
to get extended.

Cyber threats against cars are here to stay, experts say

Calibration reveals order of  
magnitude better accuracy, says 
Yokogawa on 100th birthday. 

desiGn & products

 SPECIAL FOCUSES:  
 - AUTOMOTIVE ELECTRONICS

More power magnetics for less polluting cars
The market of hybrid and electri-
cal vehicles require more and more 
power electronics inside, not only 
for the electrical motor supply, but 
also for battery chargers and stable 
in-car continuous low-voltage power supplies.

Coexistence measurements 
ensure good reception in cars
Mutual interference is an inhe- 
rent risk with “in-car coexistence” 
of transmit and receive antennas 
from a variety of radio systems.  
It must be prevented during development.
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smartcity exhibition

NFC concrete slabs for a smart city
By Julien Happich

a spin off from French urban furniture provider Récréation 
Urbaine, Blocparc was created in 2009 to promote a 
rugged and reconfigurable urban furniture made of heavy 

concrete blocks (over a ton each). The tainted concrete blocks 
come in different shapes, with integrated metal corners to with-
stand the harshest of city abuses, including skaters’ grinds and 
BMXers’ pegs.

More recently, the startup 
completed its portfolio with 
NFC-ready urban furniture 
under the Blocparc Connect 
3.0 brand. During the SmartCity 
exhibition taking place in Paris 
this week, EETimes Europe met 
with Business Manager Jean 
Fouriscot demonstrating these 
connected blocks. 

The idea is very simple, NFC 
chips are embedded in the 
concrete, and easy to interpret 
printed or 3D embossed logos 
on the surface indicate the 
presence of NFC-accessible 
services such as local transport 
information, local tourist infor-
mation, emergency services, 
or even multimedia content (this could also be derived from 
advertising).

Made in China, the passive NFC chips are low cost and 
low tech, explained Fouriscot, all the company’s IP is in the 
implementation. Blocparc receives the chips and applies a 
proprietary encapsulation treatment so they can withstand their 
subsequent integration into concrete. Fouriscot wouldn’t say 
how deep under the surface the 
NFC chips lay, only noting that 
the concrete thickness over the 
chip varied depending on the 
actual material density and that 
working out a functional design 
had been the result of a lot of 
experimentation.

In essence, each underlying 
tag only redirects NFC-enabled 
smartphones to a unique URL in 
a database, to which the com-
pany can attribute any webpage 
or information portal its custom-
ers want to put forward. No app 
to download, simple, robust 
and re-configurable in the cloud 
for as many new use cases a city may want to implement. For 
NFC-deprived Apple phone users out there, the company has 
engraved a QR code on each slab that direct them to a more 
generic portal regrouping the different tags under a menu.

Blocparc sells the bomb-proof custom tainted furniture (from 
2000 to 4000 euros for a bench depending on the size and 
number of embedded tags) and services the tags’ database and 
access analytics for a monthly fee (between 30 to 40 euros for 

about six tags we were told).
Fouriscot doesn’t discard localized advertising as part of 

the company’s business model, though, the tags’ redirec-
tions would belong to whoever pays the bills. The furniture has 
already been tested one year in Paris, including six months 
in front of two universities and the demographics there didn’t 
require any explanations, he saids. 

He believes the company is 
well positioned to fulfil Paris’ 
ambition to become a connect-
ed city. Blocparc’s competitors 
in the connected urban furniture 
landscape often rely on more 
expensive and damage-prone 
touchscreen user interfaces 
that require cabling. 

“Not only installation is 
costly and inflexible when 
powered displays are involved, 
but it only takes one riot or a 
violent protest to see your typi-
cal smart bus stop or informa-
tion display being smashed up” 
noted the business manager, 
alluding to JC Decaux’s adver-
tising displays. 

“Another interesting observation we made during our trial 
projects, is that if for any reason users can’t read a tag, they 
don’t necessarily get frustrated, they assume their phone may 
not be receiving a strong signal and they just leave it as it is. 
Whereas with more sophisticated and damage-prone interfaces, 
any malfunction can create frustration and possibly anger that 
can easily translate into a destructive behaviour.”

But street furniture goes 
beyond concrete benches and 
garden boxes at Blocparc. The 
company also offers colour 
screen printed information 
slabs of any size, and more 
interestingly, simple information 
slabs that could be integrated 
into any building, say at the 
entrance.

“You could have one of 
those information signs by any 
front door, either redirecting 
passers-by to historic informa-
tion about the building, or land-
ing a web page with a login for 
privileged information access”, 

said Fouriscot, holding a tagged concrete block in his hand. 
“For example, firemen and emergency services could have 

an exclusive access to the building’s plans, or the residents 
could have access to a community page”, he added as pro-
spective use cases.

Again, the clever thing about this service is that while each 
tag is set in stone, the associated web page can be flexibly 
updated for new services as novel ideas crop up.
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Why is it that we admire celebrities who end up in 

prison cells, but we don’t know the inventor of the 

methanol fuel cell? Isn’t it time we recognized 

people who make the things that make the world 

better? People like Manfred Stefener, whose 

research in the field of methanol fuel cells could 

revolutionize the future of energy.  

Let’s celebrate the heroes of innovation.

#WHYISIT

arrow.com/whyisit

NAME A CELEBRITY 
WHO SPENT TIME IN  
A PRISON CELL.
NOW, NAME  
THE INVENTOR OF  
THE METHANOL  
FUEL CELL.

ARO_CC_15_10_22_AZ_page_5_Stefener_210x297_SWOP.indd   1 22.10.15   15:08

executive interview

InvenSense’s Abdi on expanding  
MEMS horizons
By Peter Clarke

invenSense Inc. is a MEMS company that has epitomized a 
fabless approach to a sector that is still highly reliant on a 
thorough grasp of the manufacturing and packaging pro-

cesses. We interviewed CEO Behrooz Abdi to find out about the 
strategic thinking that is going on at the company.

Abdi wants InvenSense (San Jose, Calif) to push forward on 
all fronts from hardware technology, through 
software to business models and in applica-
tion sectors. There are a lot of opportunities 
for the companies that can move quickly and 
execute accurately, Abdi said.  

Although founded in 2003, InvenSense 
was sufficiently successful with its original 
inertial MEMS components to go public in 
2011. This success came mainly on being 
designed into consumer and mobile products 
such as smartphones. However, the IPO also 
brought about a change of management with 
the appointment of Behrooz Abdi as CEO 
replacing the founder and previous CEO 
Steve Nasiri.

Abdi has now been in place as CEO for 
a few years but surprised some people with 
a recent presentation that asserted that the 
MEMS component business is becoming a 
difficult place to do business.

Plans to move up the supply chain and start providing data 
services might seem like a radical change and run the risk of 
alienating component customers. At the same time InvenSense 
is a licensor of the intellectual property around its wafer-to-wa-
fer CMOS-MEMS manufacturing process, making for a multi-
faceted business model. We asked Abdi to say a little more 
about this.

Abdi acknowledge the complexity and said that a company 
has to focus. The various business models express, to an ex-
tent, where the company has come from, where it is and where 
it is going. But they also fit together, he stressed.

Right now InvenSense is a vendor of components-plus-
software, Abdi said. It aspires to be a sensor solutions com-
pany offering end-to-end solutions but this is likely to be a long 
journey. “The company started with a process, which it took the 
company the first few years to perfect. We’ve now turned that 
process capability into a platform that is scalable.”

“The execution strategy was to be fab-
less which meant transferring the process to 
foundries,” Abdi said, but added that while 
InvenSense allows and encourages companies 
to use its process through TSMC and Global-
foundries, it is not open to all comers. “If you 
want to use the process, you have to deal with 
us,” he said.

So IP licensing is also part of R&D and busi-
ness development. “We run [multi-project wafer] 
shuttles and a bunch of universities and small companies have 
made use of this. We make sure it is beneficial to us rather 

than competitive. But we do want to promote innovation on the 
platform,” said Abdi.

expand on data services
We asked Abdi to expand on his idea that InvenSense would be 
migrating to become a data services provider. 

“There’s a lot of value in such things as 
exact location, activity and context. And inertial 
sensors used for dead reckoning can help with 
that. So take the example of cargo: where is it 
and is it being dropped or banged? GPS is ac-
curate with regard to location but consumes a 
lot of energy. So inertial navigation can provide 
location and additional context and we can help 
with the analysis because it needs to be done 
locally to minimize bandwidth and power con-
sumption sending raw data up to the cloud.”

“It will probably be a business-to-business 
proposition. It probably wouldn’t make sense 
to produce a custom solution for one com-
pany. But if there are 20 companies all doing 
the same or a similar thing, that could make 
sense,” said Abdi.

A second example could be a wearables 
platform, he said. “Again we don’t want to sell 

wearables or services to end users but if there are 50 diffe- 
rent companies all trying to decide what analysis they want and 
when to upload it to the smartphone or to the cloud it could 
make sense to provide a wearables local data service platform.”

However, it has been the case that inertial navigation via 
step counting has had issues over accuracy. “That’s one of the 
reasons we have to get in there and do more of the heavy lifting; 
because it’s not very accurate. It is a challenge but there is a lot 
of performance to be extracted. It is a game of probabilities and 
statistics,” said Abdi.

what about the hardware?
But does this mean InvenSense is abandoning its hardware 
roots and focusing on middleware and software? No, says Abdi.

InvenSense started its business with inertial gyros and fol-
lowed up with accelerometers on the same piece of silicon, then 
added pressure sensors and is now sampling microphones.

“There is more value to be added in core sensors. We started 
with gyroscopes for gaming on mobile phones. 
Next there is the gyro for image stabilization, 
which requires more precision and lower noise. 
And that higher precision can feed back into 
higher precision for location and navigation. Then 
there is the 7-axis sensor where pressure sensing 
is integrated with the 6 axes of accelerometer and 
gyroscope,” said Abdi outlining immediate steps 
the company can take. 

What about more fundamental developments 
such as the use of piezoelectric sensing rather than capacitive 
or moving into other sensing domains beyond pressure and 

InvenSense’s CEO Behrooz Abdi
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microphones?
“We are looking at every technology but we think that ca-

pacitive sensing has a lot of capability ahead of it,” said Abdi. 
“We’re not limited to inertial sensors and microphones but if you 
look at something like image sensors it’s too capital intensive. 
However, imaging for machines could be based on other tech-
nologies such as infrared and ultrasonics,” said Abdi adding 
that such options remain open for the company that wants to 
“sense everything” according to its logo.

applications and geographies 
The success of InvenSense has been based on its involve-
ment in smartphones, a market that is starting to plateau. Can 
InvenSense’s success be replicated in other consumer products 
and in other sectors?

“You need the consumer business to bring scale, to reduce 
cost structure and stimulate fast innovation. About 85 percent 
of our business is consumer, mobile, gaming. We’re not walking 
away from that. But now we can take of lot of those products 
and apply them to automotive and industrial applications,” said 
Abdi. 

And InvenSense’s hardware expertise is not just focused 
on laying out sensors. The company has developed a series 
of its own software programmable processors to complement 
Cortex-M series microcontrollers that it includes in inertial mea-
surement units (IMUs). 

These include the DMP3 and DMP4. Abdi explained how 
they fit into a multi-tiered approach to software. 

“What we’ve designed in-house is optimized for power and 
low memory footprint but it is not open. On the other hand the 
Cortex-M0 is off-the-shelf and open, but not optimized. So we 
have a hybrid approach This means that if a new sensor fusion 

algorithm comes along it can be done in software running on 
the Cortex-M0 for time to market reasons before being migrated 
to the DMP.  

Abdi added that hardware that supports neuromorphic 
computing for pattern recognition and learning behaviour is on 
his radar but that for now it seems more suited to the large data 
sets generated by image sensors and machine vision.

We asked Abdi about China and its place in the MEMS 
world. “Right now China is a market rather than a source of 
competition. In the MEMS area it is similar to how China was in 
analog and RF 15 years ago. They are doing a great job in that 
area now. So MEMS will happen for Chinese companies some 
time but right now we see a lot of opportunities.” 

We also asked Abdi about the wave of mergers and ac-
quisition going through the industry in 2015 and could MEMS 
companies be prey to it? 

“The semiconductor industry is going through a wave of 
consolidation and much of it is warranted because of a lack of 
scale, but it is mainly in the SoC world. InvenSense, because 
it is fabless, is capital-efficient. We do look at acquiring other 
companies or business lines from time to time; we acquired the 
microphones business from Analog Devices. We can do that but 
it is not something we have to do. In the MEMS sector it is more 
about partnership. And we do have partnerships with multiple 
microcontroller and processor companies; the likes of Atmel, 
Qualcomm and MediaTek.”

Atmel is set to be acquired by Dialog Semiconductor, which 
in turn has formed a partnership with leading MEMS company 
Bosch Sensortec, so it seems that industry consolidation will 
inevitably impact InvenSense, but nonetheless InvenSense 
seems to be in good company on its journey towards being an 
end-to-end sensor solutions company.

executive interview

Philips tests thermoplastically deformable circuits to house LEDs 
By Graham Prophet

at the October, 2015, meeting of the International Micro-
electronics Assembly and Packaging Society (IMAPS 
2015), imec and CMST (imec’s associated lab at Ghent 

University) presented a novel technology for thermoplastically 
deformable electronics enabling low-cost 2.5D free-form rigid 
electronic objects. 

The technology is under evaluation in Philips 
LED lamp carriers, a downlight luminaire and a 
omnidirectional lightsource, to demonstrate the 
potential of this technology in innovative lighting 
applications.

LED technology is becoming the sustainable 
light source for the 21st century, with energy-
efficiency, excellent light quality, and high output 
power. It also allows design of unprecedented, 
innovative lighting solutions. Imec and CMST’s 
thermoplastically deformable electronic circuits 
now add a new dimension to the possibili-
ties to fabricate novel lamp designs as well as 
smart applications in ambient intelligence and 
wearables.

The technology is based on meander-shaped 
interconnects, a robust technique to realise dy-
namically stretchable elastic electronic circuits 
including LEDs. These are then embedded in 
thermoplastic polymers (e.g. polycarbonate). 

Following production on a flat substrate (picture ‘a’), using stan-
dard printed circuit board production equipment, the circuit is 
given its final form (picture ‘b’) using thermoforming techniques 
such as vacuum forming, high pressure forming or even injec-
tion moulding. 

Upon cooling, the thermoplastic retains its shape without 
inducing large internal stresses in the circuits. 
The method, based on standard available 
production processes, does not require large 
investments, reducing the cost of fabrication. 
The resulting designs have a low weight and 
low complexity, a high resilience, a low tooling 
and material cost, and a higher degree of man-
ufacturer independence due to the standard 
industrial practices that are used.

The production process was developed 
in collaboration between the industrial and 
academic partners involved in the FP7 project 
TERASEL: imec, CMST (Ghent University), 
ACB, Holst Centre, Niebling Formtechnologie; 
Sintex NP and Philips Lighting BV. 

TERASEL is a European effort focusing on 
the development, industrial implementation 
and application of large-area, cost-effective, 
randomly shaped electronics and sensor circuit 
technologies.
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executive interview

Machine learning sets the pace  
of distribution
By Julien Happich

Last July, Dave Doherty took the helm of global component 
distributor Digi-Key Electronics when long time president 
and COO Mark Larson handed over the reins to him. For 

EETimes Europe, Doherty shared his views on today’s consoli-
dation climate and how distribution is set to evolve. Excerpts…

First, it is worth mentioning that over the last 40 years, 
the catalogue electronic components distributor has enjoyed 
an impressive growth, from under a million dollars to USD 
1,760,000,000 in annual global sales revenue, with staff grow-
ing from 14 employees to more than 3,400 employees globally, 
with double digit growth figures 
recorded annually.

EETimes Europe: How is 2015 
different?

dave doherty: In 2015, we’ve 
seen a relatively flat growth. But 
although it looks flat on the sur-
face, we see continued growth. 
In fact, we’ve had good growth 
in Europe but it was tempered 
by the Euro to Dollars currency 
exchange. It is a fact that we’ll 
report relatively flat revenues 
in 2015, but our fundamental 
business drivers remain stable.

EETE: How big a market re-
presents the new wave of DIY 
makers, open-source projects 
and crowd-sourced startups 
for Digi-Key compared to 
engineers working within more 
established companies?

doherty: From Digi-Key’s roots some 43 years ago, there’s 
been a continuous evolution from the early days when our 
customers were professional engineers by day and hobbyists or 
innovators by night.

Often, they were the same people buying from a different 
perspective. With their professional hat, they may have access 
to more budget, while with their hobbyist, or maker, hat, they 
may be working on completely different one-off projects. The 
cost of innovation has decreased considerably over the years. 
Nowadays, through STEM initiatives, there are more science 
engineering projects at school, there is a renaissance of engi-
neering interest.

While growth used to be driven by discrete components, now 
it is often driven by board-level products. Take MEMS compo-
nents which are fairly complex devices to design with, but more 
easily accessed through a functioning board level integrated 
module. There are numerous modular products offered by 

companies such as SparkFun or Adafruit, implementing specific 
one-off functionalities, making it easier for professionals and 
makers alike to start designing, hence broadening our customer 
base among innovators in general, not just professionals.

EETE: To what extend do distributors need to spoon-feed these 
new engineers with pre-built design kits and recommendations?

doherty: Better than a spoon, a fire hose would be more ap-
propriate. We can’t get enough content online to satisfy them. 
No two makers are the same. Some are designing something 

unique for their own use, 
others want to incorporate a 
company.

We put all the information 
material and tools to foster 
their innovation, with cost ef-
fective ways to do 3D drawing 
and CAD simulation. 

You get a headstart when 
you can get your hands on 
a board that does 80% of 
what you want, leaping off to 
innovate. By integrating our 
libraries within available EDA 
tools, we want to make it easy 
for our customers to access 
all the information they need 
from a single environment, 
regardless of their choice of 
platform.

EETE: Together with design 
kits, PCB CAD software and 
design environments, how 
important could become IP 
blocks or 3D printing CAD 

parts to support more prototyping and boost related component 
sales?

Doherty: Some years ago, there used to be only a datasheet 
attached to each part, now companies give complete reference 
designs with part libraries and in some aspect, there is a com-
moditization of hardware.

Software blocks are becoming more important and more 
and more suppliers are looking at offering IP blocks where the 
hardware and software converge to deliver specific functions. 
The design chain is coming to fruition and pulling these ele-
ments together.

3D printing CAD is definitely on our radar, it is increasingly 
facilitated by our suppliers. We stock products from over 650 
manufacturers and our aim is to normalize the information to aid 
engineers in their research.

Digi-Key’s new President and COO, Dave Doherty
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While we produce some of our own boards, we increase our 
offerings at a much faster rate by partnering with innovative and 
leading edge partners and use our site as a vehicle to reach 
engineers with these options to accelerate their time to market. 
We plan to address the 3D CAD component elements through 
the same strategy by supporting and not competing with ele-
ments of our customer and supplier base.

As well as stocking parts, we are a curator of data. We get 
it from the manufacturers, digest it and restructure it so as to 
make it as easy to search as possible on our site. Our custo-
mers want 24/7 access, they want to be self-served and that’s 
why we need to normalize the content across our websites.

EETE: It has become current practise among distributors to run 
design contests around specific themes, often to bring visibi-
lity to a new product line. What sort of feedback do you get on 
such activities?

Doherty: In a world that is becoming more open source, there 
is a growing desire for a segment of the engineering community 
to share their ideas. And putting new technical products into the 
hands of our customers for a design contest is akin to crowd-
sourcing ideas.

We provide an open-source environment where designers 
can share their solutions. It generates publicity, gives some 
product visibility as well as technical feedback to our suppliers, 
since they get to see what designers are trying to achieve with 
their parts.

EETE: Concerning consolidation in the semiconductor indus-
try, is this a boon for distributors (more efficient chain-supplies 
and better volume deals) or is it a business killer (fewer distinct 
contracts, hence lower margins)? Do you see this driving further 
consolidation in the distribution industry?

Doherty: I think there are elements of both. We’ve seen consoli-
dation across the distribution industry over the last 30 years. 
It has been necessary and it benefits companies with econo-
mies of scale and to offer lower cost products. 

One might see the beer industry as somewhat analogous 
to ours with the largest breweries continue to expand through 
acquisition.

Is it stifling creativity? Quite the contrary, you see the emer-
gence of micro-breweries representing and increase share of 
the overall market. Through chip foundries, the cost to innovate 
even at the device level has been lowered and should continue 
to foster nimble and responsive companies with new ideas and 
a higher tolerance for risk.

Much consolidation has already occurred in the Americas,  
Europe still has a small handful of viable regional distributors 
while in Asia, there is a longer tail of distributors.

We do business somewhat differently, we don’t have a large 
brick and mortar infrastructure (all stocks are centralized in a 
large warehouse in Thief River Falls, Minnesota) and we don’t 
need to wait for extra infrastructure to expand on our 81 web-
sites or to do business in any local language.

The web allows us to be very responsive and scalable. The 
impetus for mergers and acquisitions often comes from share-
holders or from Wall Street, pressures that we are immune to by 
being a private entity.

EETE: Would you say Digi-Key could remain independent 
because it doesn’t serve OEMs and EMS so much or precisely 
for this reason, could it become a complementary target from 

high volume distributors such as Avnet or Arrow? Alternatively, 
could you ever see synergies with competitors such as Farnell, 
or Mouser justifying a merger?

Doherty: We believe our model offers unique advantages in 
both the breadth and availability of inventory. Some other enti-
ties have followed a different path focused on lower inventory 
availability, relying more on sophisticated logistics modelling.

We serve a customer segment whose needs don’t fit that 
model, they are looking for a very simple, perhaps even “old 
fashion” distribution tenet of having in stock inventory to meet 
their unforecasted needs. There are fairly significant underlying 
financials assumptions and requirements that cause those two 
models to differ fairly significantly.

Thus to best serve engineers and purchasing, it might be 
the best case that separate companies exist to optimize their 
processes around the uniqueness of each model.

Competition is healthy for any industry and drives value to 
the customer. As a private company we appreciate never being 
at odds in serving the sometimes differing needs of sharehold-
ers and customers.

EETE: Either for inventory management, or to offer better online 
design support (maybe based on cumulative CAD designs 
validated on the cloud), is machine learning gaining grounds in 
distribution?

Doherty: In distribution, we see literally millions of transactions 
and predictive analysis is the future. Unlike tradition distribution 
most of our shipments are directly from stock with very little vi-
sibility through backlogged orders.

This factor alone has caused us to use elaborate forecas- 
ting algorithms trying to anticipate future demand and trends 
to ensure high service levels even before we experience hard 
demand.

Another use of the analytics is to leverage algorithms based 
on shopping cart activity, search patterns or even devices used 
together in our own EDA tools or those from partners to the 
benefits of our engineering customer base.

Our engineers want to know of solutions in the form of parts 
that were designed to interface with other parts, again, aimed 
at accelerating their time to market. Our goal is to do this in a 
way that is very protective of the confidential nature of any one 
engineer’s IP but to look for more common, natural association 
between the large number of products we offer. For example, 
what lens, drivers and thermal dissipation products best sup-
port a specific high bright led.

It’s not just Wall Street looking for math majors to develop 
these algorithms. Just like Billy Beane in the book “Money Ball”, 
we are all looking for ways to transform data into information to 
benefit our customers.

The consumer industry is ahead of us in this area today.  
Netflix, Amazon and a host of others tailors recommendations 
today based on our patterns. These algorithms will only get bet-
ter and offer increased potential value.

Many distributors operate in a model in which they want the 
manufacturer to demonstrate velocity of a product before they 
stock it. We want customers to see us on the front end of their 
NPI cycle, offering the newest technologies and trying to create 
new demand for our suppliers allowing for the greatest level of 
innovation by our customers.
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Modular watch wants multiple 
shares of the wearable market
By Julien Happich

with ongoing electronics miniaturisation, modularity 
takes a new meaning every day. English startup Blocks 
Wearables is taking design modularity to the realm of 

smart watches, offering users to choose and pick their favourite 
functional modules and assemble them together into a feature-
laden strap. The customized wrist strap then attaches to a watch 
display module (the Core), acting as the main information pro-
cessing hub.

Built around Qualcomm’s 
Snapdragon 400 proces-
sor, the Core ensures WiFi 
and Bluetooth connectiv-
ity, it boasts a 1.35” round 
display (360x360 pixels 
resolution) to receive phone 
notifications (vibration motor 
included), it also supports 
activity tracking (integrated 
gyro and accelerometer) and voice control through an embedded 
microphone. It is the hub that collects and processes all the sen-
sor data from the plug-and-play satellite modules composing the 
bracelet. Nevertheless, each Block contains an ARM Cortex M0+ 
microcontroller that makes each module autonomous, freeing up 
the communication bus between modules from constant load, but 
also improving the overall battery usage.

Marketed through a very successful Kickstart-
er campaign, the guys at Blocks Wearables bet 
on an open platform to encourage the develop-
ment of custom modules by third parties for 
gaming, sports, healthcare, workplace or even 
experimental ones for academic research. The 
company is planning to release both a software 
development kit and a module development kit, it 
claims several partnership with major tech com-
panies to develop more modules, with over 1,500 
individual developers signing up for the module development kit.

This wearable modularity concept with participative module 
development if very similar to what Google’s Project Ara would 
offer on a smartphone level, but also reminds me of another 
successful Kickstarter campaign by Nexpaq to build a modular 
smartphone case. All three projects share in common the intent 
to leverage a large community of designers to come up with new 
modules and apps and somehow, make their device future proof 
thanks to modular upgrades.

Here the BLOCKStore would be a place for the company to 
validate and centralize newly submitted Blocks designs, enabling 
developers and companies to create and sell their own modules. 
Like for the Ara project, Blocks Wearables also anticipates that 
there could be a second hand market among Blocks wearers. 

Modules currently on the roadmap include an extra battery, a 
heart rate monitor, a GPS, NFC, an altitude pressure and tempera-
ture pack, a SIM card GSM module, a fingerprint sensor, a LED 
light, a programmable button, an air quality monitoring station, a 
camera unit, flash memory and a stress detection module (based 
on a galvanic skin sensor). 

But should this modular smart watch be successful among 
consumers, many more modules and applications could be devel-
oped, taking a bite into other wearables’ market pie. 
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Switch to carbon at 3-to-5 nanometer
By R. Colin Johnson

if a breakthrough in carbon nanotube transistors from IBM 
Research pans out, the hard stop of 2028 in International 
Technology Roadmap for Semiconductors (ITRS) is about to 

get extended. IBM says it has found a way to scale down the 
channel length to the 1.8 nanometer node (four technology ge-
nerations away) and beyond to the angstrom level eventually. 

If they are right, Moore’s Law may now be extended to the 
sub-nanometer angstrom (1/10th of a nanometer) levels using 
the same extreme-ultraviolet (EUV) complementary metal oxide 
semiconductor (CMOS) process technologies already in place.

“The 1.2 nanometer wide carbon nanotube channel is already 
proven,” Shu-Jen Han, IBM manager of nanoscale science 
and technology at its T.J. Watson Research Center (Yorktown, 
Heights) told EE Times in an exclusive interview. “The major 
issue for scaling, not only for carbon nanotubes, but for silicon 
and III-V materials [indium, gallium, arsenide] is the contact—
which is no longer scaling.”

“With our recent breakthrough,” said Han, “we now know 
how to scale [the contact] so it is no longer the limiting factor for 
carbon nanotube transistors. Our new contacts are measured in 
angstroms and have just just 36 k-ohms of resistance, including 
both ends.”

The breakthrough technique was a long time coming, but 
according to analyst Richard Doherty, research director at Envi-
sioneering (Seaford, N.Y.), that was only to be expected.

“After all, if you remember that it took about a decade to go 
from point-contact transistors at Bell Labs to planar transistors 
at Fairchild and Intel, it’s not surprising at all that it took IBM a 
decade too,” Doherty said.

IBM’s proof-of-concept chip has nine-nanometer channels, 
but before the breakthrough the contacts were giant in com-
parison. Now IBM has found a way to make smaller contacts 
enabling them to scale down the channel length to the 1.8 
nanometer node (four technology generations away) and be-
yond to the angstrom level eventually. Each nanotube carries 
only about 15 microamps, but IBM plans to solve that problem 
by just using as many nanotube channels in parallel as required 

for the type of drive a transistor needs for a particular location in 
a design.

“We can place nanotubes in parallel with about a 8-to-10 
nanometer pitch using self-aligning techniques,” Han revealed 
to EE Times. “We deposit them using a PVD [physical vapor 
deposition] process, then use high-temperature annealing - a 
metallurgical process akin to microscopic welding -to secure 
the channel contacts at each end.”

Analyst Doherty was impressed by IBM’s “welding” tech-

The reflection of Roland Germann, manager, Nanotechnology 
Center Operations at IBM Research - Zurich in the clean 
room.  (Source: IBM, used with permission)

Cross-sectional transmission electron microscope (TEM) 
image showing the fabricated nanotube transistor with an 
end-bonded contact. (Source: IBM Research, used with 
permission)

Schematic showing the fabricated nanotube transistor with 
an end-bonded contact and a contact length below 10 nm. 
(Source: IBM Research, used with permission)X
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nanotube transistors

nique and thinks it will give IBM a competitive advantage over 
the competition. It works by coating the end of the nanotubes 
with molybdenum before their self-aligned placement as 
transistor channels. Then the ‘welding’ step is completed by 
heating the whole assembly to 1,562 degrees Fahrenheit (850 
degrees Celsius) thus melting the molybdenum and chemically 
transforming it into carbide, a conductor that makes an excel-
lent angstrom-scale contacts.

“This clever welding/carbide discovery seems to be the only 
silicon-processing favorable metal without oxidation problems 
and or Schottky barrier characteristics would add an undesir-
able step-voltage threshold. Rather IBM’s method has an on/
off current switching ratio of 10,000, which is great,” added 

Doherty. “Others trying side connection schemes [to nanotubes] 
seem to vary in resistance and conductance over time, mak-
ing them only lab curiosities. IBM’s end-cap success paves the 
way for real nanotube structures that can make use of already 
proven silicon photolithography techniques.

Today IBM is only able to produce p-type transistors using 
its revolutionary “welding” technique, but it claims the devices 
work better than FinFETs and their next step--already under way 
with light at the end of the tunnel, according to Han--is n-type 
devises so that CMOS nanotube transistors can be fabricated 
at the 3-nanometer node by the time silicon FinFETs reach the 5 
nanometer node.

“IBM’s internal goal is to be ready to come in at the 5-nano-
meter node and become the best option for the 3-nanometer 
node all the way down to the angstrom level,” Hans told us.

According to Doherty, IBM’s achievement gives new hope to 
extending Moore’s Law into the indefinite future, since no insur-
mountable scaling problems are seen for the nanotube ‘weld-
ing’ technique, which Doherty dubs IBM’s “coaxial connection” 
technology.

“And succeeding with these coaxial end caps at nine nano-
meters gives courage and confidence to the industry to there 
being an alternative semiconductor path as silicon gets more 
and more inefficient as we push its limits under Moore’s Law,” 
Doherty said. “Also I have rarely seen a paper [IBM’s Science 
paper] with so many attributions to other researchers. Their goal 
is production within a decade, but I am sure they want it faster 
than that if possible.”

IBM’s success is a part of its $3 billion research and devel-
opment effort for post-silicon technologies, started in 2014, 
to pave the way to the computing needs of what IBM calls the 
coming “cognitive computing era.”

Cyber threats against cars  
are here to stay, experts say
By Christoph Hammerschmidt

the rise of the connected car definitively catapults our 
traditional set of wheels into the world of information 
technology. This arrival confronts carmakers with an unfa-

miliar challenge: The possibility of getting hacked. At a meeting 
in Dresden (Germany), experts analysed the threat and potential 
approaches to harden the vehicles against malicious attacks.

Losing control over your vehicle is a very frightening experi-
ence. The video of a driver helplessly cranking the wheel while 
his Jeep Cherokee drove into the ditch, remotely controlled 
by a hacker duo, scared the world. This orchestration, in the 
headlines as recently as past August, should have been the last 
wake-up call for automotive electronics designers: Car can get 
hacked, and they should move quickly to lock any hackers out. 
At the Cyber Secure Car industry meeting this week in Dresden, 
experts from the automotive value chain, the academic research 
community and the electronics and software industry discussed 
the current position of the car industry in terms of cyber secu-
rity, hacker motivations and practices and potential measures 
to make cars more secure and - since in the car security is 
equivalent to safety - safer. 

Carmakers and their suppliers urgently need to make them-
selves knowledgeable about the risk, this was the unanimous 
position of the presenters. Given the average age of the cars 
out on the streets of some ten years, currently only a small 
percentage of this “installed bas” already possesses a wireless 
interface to the outside world. But the number of connected 
cars will increase steeply over the next decade, and malicious 
attacks will increase in parallel, predicted Florent Frederix from 
the Online Trust and Cyber Security unit of the European Com-
mission’s Directorate-General for Communications Networks, 
Content and Technology. 

But there is no need to wait for the connected car, already all 
contemporaneous vehicles have some kind of wireless interface 
that can potentially used for an attack. “There are more than 50 
attack points in the connected car ecosystem”, said Mike Parris 
who oversees the Secure Car Division at British telematics and 
automotive security consultancy SBD. 

“Any point of the ecosystem can be hacked”. Like Frederix, 
he highlighted the parallelism of the connected car with the 
Internet of Things. “After Stuxnet (the computer virus that in-

Schematic showing a fabricated set of devices with different 
contact geometries on the same nanotube to verify that the 
contact size can shrink without reducing device performance. 
(Source: IBM Research, used with permission)
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automotive safety

fected and damaged the Iranian uranium centrifuges) it became 
aware to the criminal scene that such a sophisticated hack is 
possible”, he said. “The threat of real-world hacking is a ticking 
time-bomb”. Parris went so far to say that “there are only two 
types of cars: Those who have been hacked and those who 
will be hacked”, only slightly modifying a quote of FBI director 
Robert Mueller in 2012. “There is a perfect storm brewing”. 

The presenters contributed a wide range of potential gate-
ways and opportunities for hackers. Starting with WiFi and 
Bluetooth connections of today’s vehicles or compromised info-
tainment systems, they made clear that hackers would certainly 
be able to find many open doors to enter a vehicle’s electronic 
systems. 

A preferred primary target is the head unit of the vehicles 
from where hackers can work through to ADAS and safety-
critical systems. Besides wireless interfaces, lidar sensors are 
prone to attacks: Trials have shown that it is relatively easy to 
generate “fake cars” in the lidar echoes, misleading the auto-
matic steering systems. 

Since lidar systems are regarded as widely indispensible for 
automated driving scenarios, this property could emerge as a 
serious roadblock to automated driving. According to Parris, 
even intrusion attempts through the DAB radio receiver have 
been documented. 

It is not only the wireless interfaces that can be used to enter 
a car and inject malicious software and unwanted functions. 
Stefan Nürnberger from the Center for Security, Privacy and Ac-
countability (CISPA) in Saarbrücken (Germany) which performs 
penetration tests on cars, contributed an interesting hacker en-
try point: During tests on an existing luxury car, they found that 
the folding mirrors were directly connected to the vehicle’s CAN 
bus. For a malicious person it would have been easy to break 
off a mirror to gain access to the CAN bus. 

Likewise, the OBD and OBD-II diagnostics interface is a 
major entry point for attacks due to its completely open and 
unprotected nature. While some might argue that it is necessary 
to have physical access to the vehicle to connect to the OBD 
interface, this is not really a strong protection: Malicious soft-
ware can be contained in OBD dongles available on the market 
for connectivity and insurance applications. 

The list of vulnerabilities could be continued. The point is 
that with a car becoming a computer – or rather, a system of 
interconnected computers – they face much the same problem 
as the PC, with all its concomitants. 

So the question is: How can the problem be solved, what 
does the automotive industry need to do to keep the hackers at 
bay? 

“The good news is: other industries have been to this point 
before” said Dominik Wee, partner at consultancy McKinsey. 
Another good news is that, according to Wee, 83 percent of 
the OEMs are aware of the threat. The less good news is that 
the majority has no clue yet what to do; only 41 percent of the 
respondents have cybersecurity teams up and running. Wee 
suggested that the auto industry should adopt the security ap-
proach from the IT industry, with a tiered approach. 

Paul Wooderson, Senior functional safety and cyber security 
engineer at engineering consultancy Horiba Mira, sketched 
the measures from the engineering perspective. He advised 
establishing a development process that takes into account the 
cyber threats. “You should treat the car as a part of the Inter-
net of Things”, he said. Specific restraints and requirements of 
the automotive design, such as the long design cycle and the 
complex supply chain, must be taken into account like techni-
cal factors such as limited microcontroller resources, real-time 
capability and scalability. Basically, his suggestions amounted 
to adding the security as additional aspect into the known V 
model.

Several presenters unanimously regarded wireless upgrade 
capability of in-car software (OTA) as indispensable to counter 
the cyber threats. On top of that, there were suggestions for 
direct technical measures to solve the problem. Koji Nakao, 
Research Executive Director of Japan’s Network Security Re-
search Center, suggested a multi-level security architecture that 
embraces messeg verification, trusted boot of ECUs, authen-
tication of communications in and around the car, message 
filtering (to prevent DoS attacks) and Fault tolerance. 

This approach is currently discussed in the relevant working 
group SG-17 of the ITU-T standards organisation. In addi-
tion, Nakao suggested to adopt the lightweight cryptography 
described in ISO/IEC 29192 in cars: It would suit to apply data 
encryption on the CAN bus even for time-critical real-time safety 
applications, he said, and it would not overburden the micro 
controllers in the ECUs. 

In any case, no single measure would be sufficient to attack 
the entire problem. In demand is a holistic approach, many 
experts agreed. Plus, the security issue will persist. “You can’t 
fix it once and for ever”, warned Frederix. “You will always see 
new challenges”.
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test & measurement

Calibration reveals order of magnitude 
better accuracy, says Yokogawa
By Julien Happich

Having just received ISO17025 accreditation for its brand 
new European Calibration Laboratory at its European 
headquarters in Amersfoort, Yokogawa Europe B.V. took 

its centenary anniversary (it was founded in Japan in September 
1, 1915) as an opportunity to make the news public and high-
light the accreditation’s implications for its customers.

Running an in-house power calibration 
lab is not new per se, admitted the compa-
ny’s Vice President Terry Marrinan, Yokoga-
wa and its competitors have been doing 
this for many years for their customers.

“Five years ago, we started discuss-
ing the possibility to get accredited to the 
ISO17025 standard, it required new equip-
ment for our lab but it would strengthen 
our position as the undisputed authority 
in power measurement”, Marrinan told us, 
highlighting that the company already had 
over 60% of market share in the bench top 
power meter business.

“Many companies provides power meters with high power 
measurement bandwidths well above 50/60 Hz, but even if the 
power accuracy for their measurement conditions is clearly 
specified, where is the proof?” asked Marrinan.

Later, Erik Kroon, Manager of Yokogawa’s European Stan-
dards Laboratory embarked himself and his team in a three-
and-a-half years journey to accreditation. 

“There are other labs offering calibration services, but what 
we’ve heard from customers is that other labs often let them 
behind, calibration at 50/60Hz is not enough. We are going to 
specialize ourselves calibrating electrical power from DC to AC, 
and from 10Hz to 100kHz while still being able to offer extreme 
accurate calibration around 50 to 60Hz, even at a low power 
factor of 0.0001 and at high currents”.

The efforts paid off. The company has become the world’s 
first non-governmental facility to receive full ISO17025 ac-
creditation for power measurements at up to 100kHz. We then 
learned that it is also working on MHz range power meter 
calibration.

This accreditation addresses the growing demand to remove 
uncertainty in power measurements, particularly with the 
growing focus on renewable energy markets and the need to 
optimise energy efficiency while complying with international 
standards on power quality, especially at low power factors. 

In addition, the inverters used in renewable energy systems 
are switching at higher speeds: a scenario that introduces har-
monics at higher frequencies. 

There is also a demand for high-frequency power mea-
surements on devices such as switch-mode power supplies, 
electronic lighting ballasts, soft starters in motor controls and 
frequency converters in traction applications.

“The recognition offered by ISO17025 accreditation is an ob-
jective proof that the knowledge of our personnel and the qual-
ity of our instruments are at a world-class level”, said Marrinan.

The accreditation is particularly critical for customers work-

ing with tight tolerances. In fact, Kroon revealed that often by 
having their instrument calibrated, Yokogawa’s customers could 
benefit from a much more accurate instrument than originally 
specified on the spread sheets at factory level.

“Typically, we reveal an accuracy eight to ten times that of 
our specifications, sometimes we can offer a 20 fold increase in 

precision”, said Kroon.
So why not make the claim directly on 

the datasheets as you sell the instruments? 
We asked.

“Because we are very conservative 
about our specifications” said Marrinan. 
“Yokogawa is recognized for the precision 
and stability of its instruments, and our 
philosophy is, ‘don’t go near the mar-
gins’. That way we can be confident our 
instruments will always operate within the 
marketed specs. But the proof of stability 
is in calibration, and as a side benefit, our 
customers get much better visibility about 

the actual accuracy and stability of their instrument so they can 
push their own measurement further”.

Saying that, Marrinan emphasized this conservative ap-
proach didn’t prevent Yokogawa from ensuring best-class mea-
surement capabilities even for its factory-set instruments. 

From around 600 Euros for a simple power meter up to 4000 
Euros for calibrating the company’s WT3000E, the most ac-
curate precision power analyzer in the world, often the cost of 
calibration is marginal compared to the initial purchase price, 
noted Marrinan, but the service is priced so as to apply mostly 
to the low-volume high-end equipment.

For now, the lab wouldn’t be able to address high volumes, 
but it may be expanded if the calibration service ever becomes 
popular.

The lab runs automated calibration tests 24/7, with test 
routines spanning up to ten hours for the most sophisticated in-
struments. Each calibration runs across hundreds of calibration 
points, with roughly 40 measurements per calibration point.

The specially designed room is temperature controlled at 
23ºC +/- 1ºC and has backup generators so as to function inde-
pendently from the rest of the floor. 

“So what are the costs and risks of not calibrating?” Asked 
Kroon to summarize his presentation and as a hook for the 
newly ISO17025 accredited service. 

Working with tighter accuracy limits can prevent false passes 
or false failures during production or acceptance tests, but 
sometimes, the accreditation is a contractual requirement that 
customers want to secure, he said.

The calibration lab will double as an internal development 
tool, enabling the company to ensure that its new products 
will have undergone the most rigorous compliance testing and 
certification before release. Yokogawa’s customers can also be 
totally confident that they also have easy access to accredited 
traceable power calibration for all their needs, avoiding time-
consuming submissions to national standards laboratories.
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More power magnetics  
for less polluting cars
By Patrick Fouassier

nowadays, the market of hybrid and electrical 
vehicles (HEVs) is growing quite fast. These 
are alternative solutions to common thermal 

engine cars to reduce the global pollution, especially 
in terms of rejected CO2 or other NOx (nitrogen ox-
ides) pollutants as well as toxic thin particles. Such 
new models require more and more power electron-
ics inside, not only for the electrical motor supply, 
with speed and torque control through a power in-
verter, but also for battery chargers and stable in-car 
continuous low-voltage (LV) power supplies.

For electrical and full-hybrid vehicles, onboard 
high-voltage (HV) batteries (200-450V) are firstly 
used to supply the electrical motor (power train). 
This source is also used in the vehicle to feed the 
whole set of embedded electrical or electronic 
equipments (lamps, air conditioning system, GPS 
system, radio-set, electronic computer units…) that 
require only 12V to 14V low voltage (10-16V in the extended 
range). As for the electrical car, the plug-in hybrid version 
enables the charging of the battery through an external power 
cord connected to the mains.

In terms of electronic power stages within the car, we conse-
quently find an AC (alternative current) to (direct or continuous 
current) DC battery charger and a DC to DC converter. The first 
equipment is dedicated to charge the batteries from the mains 
50/60Hz network. Its power range varies from 3-4kW (complete 
charging in 7-8 hours) to 6-7kW (approx half-a-day charging) 
when plugged to the usual 1-phase domestic network. The 
power can be increased from 11-22kW (from the AC 3-phase 
network) to 50kW (DC network) for ultra-fast 30-60 minutes 
charging but it requires special charging stations to be installed 
through the cities. This is still a limiting factor in the devolve-
ment of HEVs. Of course, Governments’ incentive policies in 
this would still help to make the park grow.

The second power module is used to supply in energy all 
the electronic devices present in the vehicle (air conditioning 
system, radio, headlights…) from the HV batteries. The cor-
responding power range depends on the car size and needs in 
energy. It can vary from 1.6kW for small electrical city cars to 
3-4kW for full-hybrid medium to big sedan, estate or SUV cars. 
As well as for the battery charger, a reinforced isolation is man-
datory between high-voltage live parts and the end low-voltage 
with which the user can be in direct contact through conven-
tional 12V plugs like the cigarette lighter socket.

A third possible onboard power application that requires 
a DC/DC electronic converter concerns the mild-hybrid sys-
tem which is the coming improvement of current Start&Stop 
systems. Better than just launching the thermal engine at every 
start, it enables the car to operate like an electrical vehicle up 
to a 20km/h speed before the thermal engine takes the lead. 

The topology is based on a starter-generator electrical motor 
coupled to the train and also to an additional 48V Lithium-ion 
battery for interim energy storage. The small electrical motor 
can also boost the engine during a high acceleration phase. 

On the other hand, it can supply back energy to the battery 
during regenerating breaking. Additionally, a DC/DC 48V/12V 
converter is used to ensure the interoperability with the low-
voltage 12V electrical network. Based on such a principle, 
the announced CO2 emission reduction is so interesting (up 
to -30%) that this system should become a must for any next 
generation of cars. 

Patrick Fouassier is Inductive Components R&D Manager at 
Grupo Premo – www.grupopremo.com

Fig. 1: Expected trend in HEVs from 2013 to 2024.

Fig. 2: New onboard electrical networks and power supplies 
of several kW are key in HEVs.
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On the other hand, the heavier plug-in hybrid solution will 
remain to offer the opportunity of a drive by electricity only on 
some 10 to 50km at a moderate speed with the best CO2 reduc-
tion (globally up to -45%). This is enough for most of the short 
trips around home.

For such apparatus, different power electronic topologies like 
ZVS (zero voltage switching) or LLC (inductor-inductor-capaci-
tor tank) resonant half- or full-bridge can be used. Both enable 
the development of high efficiency converters (> 90%). The 
switching frequency is commonly set in the 70-350kHz range to 
optimize also the size and losses in semiconductors.

Every power supply of this kind requires a set of magnetic 
components dedicated to power conversion, filtering, EMI 
cleaning, feedback and control loop… 

It appears that their total weight is approximately one-third 
of the final electronic equipment (also in volume and cost). For 
instance, a 3kW onboard battery charger is already something 
like an A4 page by 50-60mm in height with approximately 1kg 
of magnetics inside. Thus, more powerful systems can become 
an issue because of their additional weight to the already heavy 
HV batteries set... A compromise has permanently to be found 
for global pollution reduction.

Inverters and DC/DC battery chargers for electric and hybrid 
vehicles require minimum space and maximum power handling 
per cubic centimeters. The size ratio of every electronic compo-
nent has consequently to be well optimized for an as efficient as 

possible cooling when thermally connected to a cold-plate nor-
mally made of a heatsink with a coolant flowing inside the outer 
metallic case (its maximum temperature is generally stated at 
+85°C). 

This is particularly true for the magnetic components which 
show relatively high power losses (10-50W) in a reduced volume 
(close to only 15-100cm3). Their temperature rise is sometimes 
monitored to secure the equipment by a reduction of the output 
power not to exceed the maximum allowed operating tempera-
ture (for example 150°C with a possible ambient temperature up 
to +125°C for electronics mounted close to the thermal engine).

Moreover at the voltage level conversion, transformers also 
have to provide isolation from hazardous voltages (mains net-
work, high-voltage from the battery) to prevent any damage to 
the end-user that can be directly in contact with many metallic 
parts inside the cars (the chassis acts like the ground or earth at 
0V reference). Inductors are used in a wide range of topologies 
from storage to filtering operations. The most powerful ones 
have to withstand a current as high as 300Adc at the output of 
a DC/DC 3.5kW 12V converter.

In addition to the main power transformer and inductors 
which are the heart of the topology, we find additional magnetic 
components of importance like the PFC (power factor cor-
rection) chokes that are mandatory for quasi-sinusoidal and 

in-phase current absorption from the mains, CMCs (com-
mon mode chokes) and DMCs (differential mode chokes) 
which complete the EMI filter, current measurement 
transformers for regulation or safety purpose, gate-drive 
transformers to pilot the MOS or IGBT transistor.

In conclusion, so many magnetic components are 
involved to fulfill the required power electronic mod-
ule performances that it cannot be achieved without a 
good optimization of every design brick. Experience in 
the field and accurate knowledge not only in the raw 
materials behavior (ferrite, powder or tape wound cores, 
conductors, insulators…) versus frequency, temperature, 
mechanical stress… but also in the way to combine and 
assemble them together is necessary to come up with 
reliable solutions.

Fig. 3: Full-hybrid vs. mild-hybrid systems. The battery size is 
one main difference.

Fig. 5: Example of customized magnetic power components 
technology and mounting onto a cold-plate heatsink.

Fig. 4: Example of a ZVS phase-shift full-bride topology that involves 
three power magnetics in a DC/DC 4kW converter.
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Coexistence measurements ensure good 
reception in cars
By Christoph Wagner

More and more of today’s cars include infotainment 
systems that allow occupants to communicate with 
the outside world. Good reception in cars is ensured 

by an increasing number of transmit and receive antennas from 
a variety of radio systems located in close proximity to one 
another. However, mutual interference is an inherent risk with 
this type of “in-car coexistence” that must be prevented during 
development. 

According to a study by Accenture, more than 48 percent of 
car buyers today are more interested in electronic features such 
as driving assistance and infotainment systems than they are 
in driving performance. Traditional car manufacturers have long 
had a presence in the California Silicon Valley as they worked 
toward early adoption of intelligent, networked mobility, with a 
view toward enticing especially young buyers into an automo-
bile purchase. The melding of automobile and modern informa-
tion technology into a smart car is no longer a vision for the 
future, but rather is now a reality on our roads.

An important function of the smart car is the ability to wire-
lessly connect smartphones to the vehicle infotainment sys-
tem using noncellular wireless technologies such as WLAN or 
Bluetooth. This connection is used to sync data from a mobile 
phone (e.g. contacts and music) with the on-board unit so that it 
is available to the car occupants while driving. 

Car manufacturers offer integrated WLAN hotspots for 
connecting smartphones and tablets to the Internet. Cellular 
standards such as WCDMA and LTE can be used to establish a 
connection to the mobile radio network. The Bluetooth standard 
is operated in the license-free ISM band from 2.402 GHz to 
2.480 GHz. 

For the WLAN standard, country-specific frequencies are 
available within the 2.4 GHz and 5 GHz bands. The use of mul-
tiple wireless communications standards such as LTE, WLAN 
and Bluetooth in parallel is known as coexistence. Leakage into 
adjacent channels can lead to quality problems, a reduction in 
data rates or even to a complete failure. 

radio systems in very tight spaces
Simultaneous collocation of various radio systems is a long-
standing issue that is regulated by means of international 
frequency plans and technical specifications. What is new, how-
ever, is that these systems must now both transmit and receive 
in extremely close proximity. 

The primary independent standardization bodies working on 
this topic are the 3rd Generation Partnership Project (3GPP) for 
cellular standards and the Wi-Fi Alliance for the WLAN stan-
dard. These groups specify, among others, limits for RF leakage 
into other frequency ranges, which are defined by the adjacent 
channel leakage power ratio (ACLR), for example. 

This parameter specifies the ratio between the transmit 
power of the wanted signal and the lowest possible power that 
is leaked into the adjacent channel. Another important para-

meter when verifying radio standards is the spectrum emission 
mask (SEM). This parameter uses tolerance characteristics to 
describe the permissible signal level versus time both inside 
and outside the transmission band allocated to a standard in 
order to limit the interference in the adjacent channels and in 
other frequency bands. 

The passenger compartment in a car poses a particular 
challenge for developers because of the increasing number of 
transmit and receive antennas that are collocated in very close 
proximity in a mostly shielded space. An additional conside-
ration are the associated reflections. 

A transmit signal will always affect other systems more here 
than it would in an open area or a larger space. This is particu-
larly problematic because the described noncellular standards 
are operated in frequency bands that lie very close to one 
another. 

The LTE standard will also fall within this range depending 
on which frequency bands are used. For example, LTE time 
division duplex (TDD) band 40 lies only 1 MHz below and the 
LTE frequency division duplex (FDD) band 7 uplink only 17 MHz 
above the 2.4 GHz WLAN band – see figure 1. 

As a result, transmit signals can show up as interference in 
adjacent receivers and cause overdrive, making it impossible to 
receive wanted signals. The utilization of the various LTE bands 
varies by country and network operator, and because there is 
no way to predict when or where a car might pass into an area 
serviced by a different band, developers must take all pos-
sible scenarios into account in order to ensure interference-free 
operation. And the list of potential interferers is expanding, as 
the satellite-based navigation systems (GNSS) such as GPS, 
Glonass and Galileo found in vehicles can also be impaired by 
LTE bands 7, 13 and 14. 

digital dividend
To address the need for additional frequencies for mobile Inter-
net access, in 2009 the International Telecommunication Union 
(ITU) released the 800 MHz band for mobile radio applications, 
followed this year by the 700 MHz band (digital dividend 2) 
which previously had been reserved exclusively for broadcast-
ing. This means that car radios and entertainment systems that 
receive terrestrial TV signals can be impaired by mobile radio 
signals. As a result, it is essential that developers include all 
broadcasting signals in any comprehensive test scenario. 

There are several possible approaches for improving the 
reception quality in automobiles. 

Christoph Wagner heads business development for the 
automotive market segment at Rohde & Schwarz in Munich – 
www.rohde-schwarz.com 
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Physically distancing the transmitter from the receiver, i.e. 
decoupling the antennas, is not practicable because the lack of 
space is at the root of the problem in the first place. 

The usual RF shielding methods are likewise not sufficient 
to resolve the problem. On the other hand, it is possible to use 
additional bandpass filters on the transmit antennas for WLAN 
and Bluetooth in order to reduce RF leakage into the at-risk LTE 
bands. The transmit powers of the individual applications can 
be reduced as a result of the limited space, thus also reducing 
any possible unwanted emissions. 

In the case of noncellular standards, this can be imple-
mented on an individual basis. This is not an option for cellular 
standards, however, because the transmit power is controlled 
by the base station. 

The essential difference between WLAN and Bluetooth – 
besides the range – is that WLAN uses fixed frequencies while 
Bluetooth employs frequency hopping. The Bluetooth signal 
switches randomly between 40 possible channels in a 2 MHz 
grid (BT4.0) up to 1600 times per second. This prevents the 

signal from permanently affecting a fixed WLAN signal in the 
2.4 GHz band. The reception quality within the vehicle can be 
further improved both in the frequency and in the time domain. 

The highly integrated computer chips found in today’s 
infotainment systems incorporate the various standards. The 
frequencies to be used for the various applications are already 
known in the baseband of this chip. This means that a “black 
list” can be defined for the Bluetooth signal’s frequency hops, 
listing the channels that could be impaired by an LTE signal and 
therefore should be avoided. This process is known as adaptive 
frequency hopping. To prevent impairment of GNSS signals by 
LTE, it makes sense to employ early detection of data transmis-

Fig. 1: The license-free ISM band is used by WLAN and Bluetooth, 
in addition to other radio services. The lower band lies very close 
to LTE band 40 and the upper is adjacent to LTE band 7. 

Fig. 2:  In spectrogram mode, the individual frequency hops of 
a Bluetooth signal can be easily viewed and followed. 
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sions in the time domain. For example, if an LTE chip is aware 
that a GNSS packet with a length of 20ms will be transmitted, 
the chip can interrupt its own activity for e.g. 15 ms so as not 
to disrupt the entire transmission, while keeping the interruption 
short enough that it is not perceived by the subscriber. 

The receive quality of audio and video systems in cars can 
be improved by using flexible diversity reception. The signal 
is received and assessed by up to three RF tuners, with only 
the best signal being processed. An additional antenna (3+1 
principle) is used to monitor the frequency spectrum. This an-
tenna gathers information about possible interference as well as 
improved reception on other frequencies, which it then passes 
on to the other receivers so that they can switch frequencies.  

uninterrupted detection of unwanted signals
A spectrum analyzer can be used to capture and display the 
parameters of unwanted signals in the frequency domain. This 
information can be used to determine the origin and type of un-
wanted signal. In practice, these signals can also be very brief 
in duration while having the same effect.

This is why a real-time spectrum analyzer is often used. 
Instruments like the R&S FSW from Rohde & Schwarz, when 
equipped with the R&S FSW-K160RE real-time option, measure 
continuously in real-time operation, thus capturing every event 
for analysis, no matter how brief. Spectrogram mode is espe-
cially suited for verifying the frequency hopping of Bluetooth 
signals – see figure 2, as it depicts how the signal’s spectrum 
fluctuates versus time. 

This provides a good overview of the signal behavior and 
allows assessment even for brief signal impairments. Only ad-
ditional testing can determine the extent to which the individual 
radio systems are impaired. 

receiver sensitivity assessments
Coexistence measurements are used to determine the degree 
of desensitization, i.e. the decrease in receiver sensitivity as a 
result of strong RF leakage in an adjacent signal. An important 
assessment criterion in determining the sensitivity of a receiver 
is the bit error rate (BER). 

The device to be tested receives a certain number of bits 
within a defined time frame, which are then compared against 
a reference signal. For WLAN and Bluetooth, this is known as 
the packet error rate (PER) and for LTE it is the block error rate 
(BLER). With this measurement, the error rate can be seen to 
increase below a certain receive level – see the blue curve in fig-
ure 3. If an additional unwanted signal is received at the receiver 
input, the curve slowly shifts to the left - see the red curve in 
figure 3. The sensitivity of the receiver decreases dramatically.

Multistandard-capable radio communication testers are 

especially suited to coexistence measurements. With the flex-
ibly configurable R&S CMW500, Rohde & Schwarz offers a test 
platform that can measure all major cellular and noncellular 
wireless communications standards for multiple radio systems 
simultaneously. As a result, both the wanted and the unwanted 
signal can be generated using a single instrument. To ensure a 
realistic simulation of the signal propagation within the pas-
senger compartment along with any reciprocal interference, the 
test setup must always include a connection via the air interface 
instead of the more easily implemented cable connection. 

For small setups, a compact test chamber can be used for 
this purpose. The R&S CMW500 frontend includes multiple RF 
connectors for the transmit and receive signal paths, eliminating 
the need for a switch matrix in the simplest scenarios. 

A further multistandard platform is recommended for simu-
lating diversity reception of broadcast signals. The R&S BTC 
broadcast test center uses two independent real-time signal 
paths and up to eight arbitrary waveform generators to generate 
all of the required RF signals for international TV and broadcast 
standards, including the relevant interferer signals – see figure 
4. As a result, developers have access to signals from local 
public networks as well as those from other countries required 
for a globally valid scenario.   

 
outlook
The described scenarios are not only about permitting users 
to make phone calls from the car or to connect their portable 
devices to the vehicle infotainment system. Future cars will have 
a fixed connection to their environment. This connection can 
provide quick access from the car to the company server or the 
home A/C system or from the automotive service center back 
to the car to permit remote fault diagnostics. 

WLAN standard 802.11p permits the exchange of informa-
tion between vehicles, for example to provide a warning about 
an accident, roadwork or icy road surfaces. Europe, the USA, 
South Korea and Japan have already allocated frequency 
bands for this purpose. To further optimize reception in the car, 
future automobiles are planned to be equipped with their own 
mobile stations (LTE hotspots). These hotspots, which are al-
ready being used in buildings, not only ensure a good connec-
tion between the car antenna and the wireless devices, but also 
permit individual adjustment of the transmit power to reduce 
interference within the vehicle. 

Fig. 3: The blue curve shows a typical WLAN PER progression 
without interference. As the receive level decreases, the error 
rate will increase. This effect occurs sooner when interference is 
present (red curve).

Fig. 4: The R&S BTC can be used for complex diversity 
reception scenarios for broadcast signals. The frequency and 
level of the individual wanted and unwanted signals can be 
adjusted in real time.
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electronic rear-view mirror gets closer to 
mass production
Electronic rear-view mirrors allow the integration of ADAS (Ad-
vanced Systems Driver Assistance) in the vision systems while 
allowing for a smooth transition between today’s cars and 
tomorrow’s driverless cars.Top-tier global automotive systems 
provider Ficosa has developed an electronic mirror composed 
of cameras and displays which would work as an alternative 
option to the exterior rear-view mirrors of the car. In its fourth 
generation since the company initiated research and develop-
ment on a camera monitor system back in 2007, the current 
version is a prototype which the com-
pany claims is very close to the mass 
production concept. In fact, Ficosa is 
already working with several clients to 
customize it according to their specific 

needs.Designed to comply with the 
latest regulations concerning this 
area, the system is composed of two 
cameras integrated into the sides of 
the car chassis, which transmit the im-
age with very low latency at two high 
resolution displays installed inside the 
vehicle. The cameras are equipped 
with wide-angle lenses, High Dynamic 
Range (HDR) sensors delivering 1.3 
megapixels at 60 frames per second.
The electronic mirror expands the field 
of view, eliminates blind spots but also 
improves the overall car aerodynamic, 
reducing both fuel consumption and 

wind noise perceived from inside the 
vehicleFicosa carries out the full inte-
gration to provide a finished solution 
to car manufacturers, including ad-
ditional options such as the cleaning 
system, heated camera and the blink-
ers function. The company hopes to 
secure this market niche with several 
patents granted during research and 
development. 
ficosa
www.ficosa.com

No Boundaries
Our mission-critical resistors are truly out of 
this world. In fact, soon they will be out of our 
solar system, helping NASA’s Voyager spacecraft 
travel where no Earth craft has gone before.

Thirty-fi ve years and 11 billion miles...
Now that’s reliability.

Made in the USA.

State of the Art, Inc.
RESISTIVE PRODUCTS



30   Electronic Engineering Times Europe  November 2015 www.electronics-eetimes.com 

With more than twice the resources of previous Virtex 
generations plus advanced power reduction techniques, 
the Virtex-7 family delivers the industry’s most advanced 
FPGA technology.

Call 201-818-5900 or go to
www.pentek.com/go/eetonyx
for your FREE online Putting 
FPGAs to Work in Software 
Radio Handbook and Onyx 
product catalog.

Pentek’s Onyx®  Virtex-7 FPGA boards deliver unprece-
dented levels of performance in wideband communications, 
SIGINT, radar and beamforming. These high-speed, 
multichannel modules include:

• A/D sampling rates from 10 MHz to 3.6 GHz
• D/A sampling rates up to 1.25 GHz
• Multi-bandwidth DUCs & DDCs
• Gen3 PCIe with peak speeds to 8 GB/sec
• 4 GB SDRAM for capture & delay
• Intelligent chaining DMA engines
• Multichannel, multiboard synchronization
• ReadyFlow

®
 Board Support Libraries

• GateFlow
®
 FPGA Design Kit & Installed IP

• GateXpress
®
 FPGA - PCIe configuration manager

• OpenVPX, AMC, XMC, PCIe, cPCI, rugged, 
conduction cooled

• Pre-configured development system for PCIe
• Complete documentation & lifetime support

Pentek, Inc., One Park Way, Upper Saddle River, NJ 07458 • Phone: 201.818.5900 • Fax: 201.818.5904 • e-mail:info@pentek.com • www.pentek.com
Worldwide Distribution & Support, Copyright © 2013 Pentek, Inc. Pentek, Onyx, ReadyFlow, GateFlow & GateXpress are trademarks of Pentek, Inc. Other trademarks are properties of their respective owners. 

Unleash The New Virtex-7 Onyx Boards!

Got Tough Software Radio Design Challenges?

OnyxAd_EETimesEU.indd   1 6/5/2013   8:13:16 PM

automotive electronics

aDas surround view development kit 
Renesas’ ADAS Surround View Kit is intended to enable 
quick time to market for automotive system manufacturers; 
the kit is an extension of Renesas’ ADAS Starter kit itself 
designed to be used in a wide spectrum of applications. The 
ADAS Surround View Kit com-
bines automotive cameras from 
Integrated Micro-electronics Inc. 
and multiple high-speed gigabit 
multimedia serial links (GMSL) 
from Maxim Integrated Products, 
on a miniature automotive chas-
sis. This eliminates the need for system manufacturers to 
source and set up all these specific automotive components 
themselves for their surround view development. The kit also 
provides a 2-channel CAN interface and a gigabit Ethernet 
connector interface for in-car applications, where the model 
chassis is not used. Once connected via an on-board exten-
sion connector to the already available ADAS Starter Kit, 
the ADAS Surround View Kit provides a high level of pro-
cessing performance to system manufacturers. It is based 
on the Renesas R-Car H2 SoC (System-on-Chip), which is 
capable of delivering more than 25,000 DMIPS and providing 
state-of-the-art 3D graphics capabilities and powerful vision 
processing cores. The R-Car H2 SoC supports up to four 
independent input HD camera channels, allowing implemen-
tation of 360° camera views and object recognition.
renesas
www.renesas.com

2.3 mpixel automotive image sensor carries 
asil b qualification 
ON Semiconductor is sampling its next generation ADAS 
(advanced driver assistance systems) automotive image sen-
sor with LED Flicker Mitigation and ASIL B support. ON Semi 

is seeing a marked increase in the 
number of image sensors deployed 
per car in ADAS functions. Its 
most recent introduction provides, 
among other features, flicker reduc-
tion. This is intended to eliminate, 
directly at the sensor, the strobing 
effect that can occur when the im-

age sampling cycle ‘beats’ with the pulsed waveform driving 
LED tail-lights in other vehicles, or illuminated speed-limit 
signs. The sensor also has a high dynamic range, substan-
tially exceeding that of the human eye; and it is also the only 
sensor in its applications space, ON claims, to have ASIL B 
support. Using a 4-exposure capture cycle to achieve HDR 
(high dynamic range) the device can reach frame rates of 
up to 40 fps, and dynamic range of 120 dB. The LED Flicker 
Mitigation (LFM) technology in the sensor eliminates high 
frequency LED flicker from traffic signs and vehicle LED light-
ing and allows Traffic Sign Reading algorithms to operate in 
all light conditions. The AR0231AT has a 1 / 2.7 in. (6.82 mm) 
optical format and a 1928 (horizontal) x 1208 (vertical) active 
pixel array. It uses 3.0 micron Back Side Illuminated (BSI) 
pixel with ON Semiconductor’s DR-Pix technology, which of-
fers dual conversion gain for improved performance under all 
lighting conditions. It captures images in linear, HDR or LFM 
modes, and offers frame-to-frame context switching between 
modes and has multiple data interfaces including MIPI, paral-
lel and HiSPi. AR0231AT occupies an 11 x 10 mm iBGA-121 
package and engineering samples are available now.
on semiconductor
www.onsemi.com

3D sound automotive alerts enable  
immersive driver awareness
Having filed a patent for sound spatialization back in 1998, 
French company Arkamys is a provider of audio processing 
solutions for the automotive and telephony industries, with 

algorithms developed to provide 
immersive user experiences with 
true 3D sound effects.At CES Un-
veiled Paris, the company show-
cased its 3D sound alerts system, 
replacing your typically flat bip 
sounds with spatialized sounds 

that naturally indicate the position and distance of potential ob-
stacles around the vehicle.The company says these 360º sound 
alerts increases the driver’s reactivity since there is no guessing 
left about where the obstacle or danger comes from, reducing 
the cognitive load and improving overall user experience.The 3D 
sound alerts are spatialized by the car’s speakers in real time, 
they include anti-collision warnings, line departure, indicators or 
even welcoming sounds. They add up to the company’s sound 
effects for general car audio and infotainment systems, includ-
ing cabin noise reduction.
arkamys
www.arkamys.com

Digital instrument cluster is safety certifiable
Mentor Graphics’ automotive safety certifiable digital instru-
ment cluster solution enables safety-critical driver information 
to be displayed simultaneously with rich 3D graphics on a single 
instrument cluster display. The software architecture is imple-
mented on a multi-core and even 
on single-core System-on-Chip, 
and features very fast boot time. 
This new solution addresses a key 
problem for the automotive OEMs: 
how to migrate safety-critical driver 
information to full-featured, graph-
ically-rich digital instrument clusters and comply with safety 
standards including ISO 26262, without pushing up hardware or 
safety certification costs. Automotive OEMs today design digital 
instrument clusters that include graphical information relating to 
essential warnings from the vehicle, such as icons notifying the 
driver of brake, engine or tire problems. The new solution, which 
is compatible with safety-certified Nucleus RTOS and Mentor’s 
automotive-qualified Linux solutions, allows safety-critical and 
non-critical information to be displayed simultaneously on the 
same display, while maintaining isolation of safety-related func-
tions to comply with ISO 26262 safety standards. The solution 
enables car makers to reduce costs because the system is built 
on pre-certified components such as the Nucleus SafetyCert 
RTOS, resulting in minimization of the number of lines of new 
code to be safety certified. It reduces silicon cost because the 
solution runs on a single SoC, or even a single core, and makes 
efficient use of available CPU resources.
Mentor automotive
www.mentor.com
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Improving reliability and lowering audible 
noise on LED drivers
By Matthias Ulmann

every day, more and more incandescent light 
bulbs are replaced by LEDs. The main disad-
vantage of the light bulb is its poor efficiency 

regarding generation of light in the visual spectrum. 
Roughly 5% of the electrical power is used to gener-
ate the light spectrum that is desired. The remaining 
95% of the input power generates mostly heat. 

LEDs are up to 30% more efficient, but with this, 
dimming becomes more challenging. The main point is the 
shift in the light spectrum, which occurs when the LED forward 
current changes. So simply reducing the current reduces the 
brightness but brings an unwanted shift of the colour tempera-
ture. Funnily enough, the change of the luminous colour of a 
normal light bulb to reddish when it is dimmed appears to be 
desired and enjoyable. 

For LED-lighting, this effect is not wanted and the colour 
temperature should be maintained. Therefore, the dimming is 
implemented via PWM dimming where the nominal current is 
applied to the LED but it is switched on and off very fast. 

Doing this, the RMS and average current become lower and 
so does the brightness. At the same time the colour tempera-
ture stays the same as the LED is always driven with its nominal 
current. The PWM dimming frequency should be above 100 Hz 
to avoid visual flickering and is ideally in the range of 100-300 
Hz to minimise the switching losses. 

In the following paragraphs we will see why it can be a good 
idea to use ceramic capacitors instead of electrolytic capaci-
tors. We will also discuss the influence on output voltage ripple 
and how problems with audible noise due to PWM dimming are 
resolved.  

reliability
LED drivers are mostly mounted in constricted spaces where it 
can become hot and they are not easily accessible. Therefore, 
it is very important that LED drivers work reliably over a long 
period of time. The main reason for failing electronics, especially 
switch mode power supplies, are broken electrolytic capacitors. 

On a boost converter, high current ripple is seen at the out-
put, which stresses the capacitors. So an electrolytic output ca-
pacitor on a boost LED driver not only has to handle the current 
ripple but also withstand high temperature for several years. To 
avoid this problem, X7R ceramic capacitors should be used. 
They can handle high current ripple without any problems and 
work reliably even under higher temperatures – unfortunately, 
this causes new problems.

Problem number one is the comparatively low capacitance 
of ceramic capacitors. For a boost LED driver reference design 
with 24V input and 40V output voltage, ceramic capacitors with 
2.2uF (100V, X7R, 1210) are selected for the output. Where typi-
cally 100uF or more for an electrolytic capacitor is used in this 

kind of application to achieve a low voltage ripple on the output, 
it’s simply impossible to do this with ceramics due to cost 
reasons. Though one or two of the named ceramic capacitors 
are not enough for attenuating the voltage ripple. The solution is 
adding a post-filter as shown in figure 1.

The two capacitors directly connected to the diode catch 
the pulsed current of the boost power stage and average it to 
a DC voltage still with a significant ripple. Adding an L-C post 
filter with a corner frequency of about 1/10 of the switching 
frequency decouples the output voltage from the ripple which is 
seen at C2 and C3. 

The measurement shows attenuation by a factor of about 77 
(385mV vs. 5mV / 38 dB) which results in a smooth and clean 
output voltage for driving the LEDs. The damping of 38 dB 
(which is close to the theoretical 40 dB of an L-C filter) only ap-
plies to the ripple caused by the pulsed current of the convert-
er’s switching frequency. The damping of high frequency spike 
– see figure 3 – is only around 7 (385mV vs. 58mV / 16 dB). This 
is due to the interwinding capacitance of the inductor, which 
lowers the attenuation for high frequencies. To get rid of these 
spikes, ferrite beads for high frequencies must be added.

The before mentioned post filter can also be used if large 
bulk electrolytic capacitors on the input or output of a switch 
mode power supply are needed, but the designer has to have a 
low cost solution. 

Matthias Ulmann works in the EMEA Design Services Group 
of Texas Instrument – www.ti.com - as a Reference Design 
Engineer in Freising, Germany.

Fig. 1: Boost power stage with post filter

Fig. 2: Voltage ripple before post filter
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By simply decoupling the capacitors from the AC currents 
with a tiny inductor, the system becomes much more reliable 
without overstressing the electrolytic capacitors. 

audible noise
Ceramic capacitors allow engineers to design LED drivers for a 
wide operating temperature range and long lifetime. But there 
is a big challenge when PWM dimming has to be implemented. 
The PWM signal with a frequency of several hundreds of Hertz 
switches the LED current on and off with the same frequency. 
This pulsed current is seen by the ceramic capacitors at the 
output of a boost LED driver causing them to resonate mechan-
ically due to the piezoelectric effect. 

The capacitors start to move up and down with the frequen-
cy of the PWM and stimulate the PCB, which acts as a loud-
speaker. Dependent on the current and mechanical setup this 
noise can be very loud and annoying. There are special ceramic 
capacitors available with a smaller distinctive effect, but only a 
very good layout and mechanical setup can solve this problem 
effectively. 

It reduces the noise to an acceptable volume. If this is done, 
standard ceramic capacitor can be used. First of all, place two 
identical capacitors directly opposite each other on the top 
and bottom side of the PCB. If there is only a single capacitor, 

it bends its middle towards the PCB and back. In 
doing this, the PCB is stimulated like the mem-
brane of a loud speaker and emits acoustic waves. 
If two capacitors are placed opposite one another, 
both bend towards and away from the PCB at 
the same time. Thus, the PCB cannot resonate 
anymore. 

The second action to reduce the residual noise 
further is to minimise the mechanical coupling of 
the ceramic capacitors and the PCB. By milling 
holes into the PCB besides the solder points, 
the stimulated PCB area is reduced significantly. 
Figure 4 shows the read marked holes in the PCB 
around the ceramic capacitors.

By implementing the two methods mentioned 
above, the audible noise is heavily reduced. 

Without these arrangements, the noise caused 
by the PWM dimming and the ceramic capacitors 
on the output of a boost LED driver is clearly heard 
up to a few meters away. By limiting the movement 
of the capacitors and minimising the resonating 
area of the PCB, the noise is reduced to such a 
low level that you need to put your ear as close as 

possible to the PCB to hear a residual very low buzzing.

conclusion
Using ceramic capacitors instead of electrolytic capacitors 
for LED drivers reduces the form factor of the system and 
increases the reliability. An additional post filter consisting of a 
tiny inductor and ceramic capacitors reduce the output voltage 
ripple to a very low level. The piezo ceramic effect seen with 
ceramic capacitors causes audible noise when PWM dimming 
is implemented. 

This noise is attenuated effectively by proper placement 
of the capacitors and small cut-outs on the PCB. TI Design 
PMP10171 is a four channel boost LED driver with an input vol-
tage range of 10-30V and 500mA at 40V output per channel. It 
incorporates the techniques described in this article and all the 
information (schematic, bill of material, test report, layout and 
firmware) is available on TI.com with PMP10171 as reference.

leD lighting

Fig. 5: Photo of PMP10171

Fig. 3: Voltage ripple after post filter

Fig. 4: PCB cutouts around the ceramic capacitors
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Long live the LED driver
By Tom Freeman

ensuring your LED driver lasts as long as your LEDs requires careful scrutiny 
of the data sheets. The key advantage of switching to LED lighting is reduced 
costs, delivered primarily through energy efficiency (cutting electricity bills) and 

longer lifetimes (reduced maintenance). Take-up is accelerating in civic, industrial 
and commercial applications, as prices are falling and return on investment times are 
shortened.  Even the domestic market is being wooed by the promise of lower elec-
tricity bills and more attractive lighting options.  

Meanwhile, LED technology is constantly evolving to offer yet further improve-
ments in efficiency, brightness and power consumption, thereby increasing its ap-
plication and appeal. Running alongside this march of technology, LED drivers are 
obliged to keep up.  And the importance of the LED driver is often under-estimated.  

The LED driver plays a crucial role, not only in operating LED fixtures, but also in 
controlling their performance. The benefits anticipated with LEDs can all but be ne-
gated with the incorrect choice of driver. Designers have to take into account factors 
including dimming level, output voltage, operating temperature and output loading.  
The design and operating environment of the luminaire and fixture can make a huge 
difference to whether or when the luminaire needs to run at full load, when dimming 
can be used to significantly reduce power consumption, and how these parameters 
impact efficiency.  

In addition to the technical complexities, designers clearly want to select a driver 
with a ‘lifetime’ and reliability specification that matches the LEDs.  But here’s the 
rub: in the technical and promotional literature, ‘guaranteed’ driver lifetime is often 
misrepresented. 

The first, and most obvious point is whether the driver actually comes with a war-
ranty or guarantee (other than the statutory rights laws in force in that country); some 
may quote an ‘expected lifetime’, but with no guarantee that it will work in that period. 

If a particular unit does come with a manufacturer’s warranty or guarantee, then it 
is worth checking whether there are any special conditions or generic rules that come 
into play.  Often there is conflicting information between a product datasheet and a 
manufacturer’s website in this regard.  At least one manufacturer claims a product 
guarantee of five years on the datasheet, but states on the website just 24 months 
from date of manufacture. 

Next, note whether ‘lifetime’ is stated in hours or years, or both. Check the detail 
to determine if a five-year expected lifetime figure covers 24/7 use, for example. One 
mainstream manufacturer, promotes a ‘full five year guarantee’, but in the small print, 
assumes a maximum 5000 hours operation per year and, for devices with relay con-
tacts, a maximum of 20 switches per day. 

Similarly, another household name in the lighting market offers a five-year warranty 
on LED drivers, but under its ‘special conditions’, notes that the warranty period is 
based on a maximum of 4000h per year.  In this case, for a 24/7 application such as a 
hotel lobby, the terms of the warranty will be exceeded in less than six months! 

turning up the heat
Luminaire designers will already be aware that the temperature at which the LED 
driver is running plays a key role in determining its lifetime.  They will already be pa-
ying close attention to operating temperature in their specific application, and even 
the ambient temperature, particularly within the fixture itself.  However, when it comes 
to matching requirements with the LED driver, it is not always easy to interpret the 
figures presented in the datasheets.

The hottest point of an LED driver is the maximum case temperature, or Tc (max).  
Although this is, in theory, the maximum operating temperature for the driver, many 
manufacturers will specify that the expected lifetime of their devices refers to a lower 

Tom Freeman is Sales Executive and Franchise Manager at Solid State Supplies Ltd – 
www.sssltd.com 
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operational temperature.  Thus, unless the datasheet clearly 
states lifetime at Tc (max), if a luminaire is expected to run at 
the top end of the specified operating temperature range, driver 
lifetime may be compromised.  

Some, but by no means all, datasheets will show a graph 
depicting how lifetime decreases as temperature rises above 
ambient. Some might state the reduced lifetime for operation 
at Tc (max).  But it is the responsibility of the design engineer to 
winkle out the detail buried in the datasheet. 

Another popular ‘get out’ is to specify a ‘maximum failure 
rate’, only beyond which will a manufacturer consider warranty 
claims. This figure might be 3, 5 or 10% depending on the com-
plexity and the performance of the driver. In such an instance, 
an engineer may strictly follow all the required design parame-
ters, but unless more than 10% of devices are failing, the driver 
may not be covered by the warranty. 

And in most commercial/professional applications, a failure 
rate of higher than 1 in 10 is probably not acceptable. 

One driver supplier states that it 
only covers product failures when the 
‘nominal failure rate’ is exceeded, but 
that rate is not at all evident in any 
literature or on the website. 

Some drivers will boast a tempera-
ture protection mechanism. However, 
it is important to know at precisely 
what temperature it is triggered.  
There are cases where the lifetime of 
a driver at 70°C is 50,000h, dropping 
to just 18,000h at Tc (max) stated at 
85°C. 

Yet the temperature protection 
mechanism is only triggered at 110°C. 
At this point, not only is any guarantee 
already invalidated, but also lifetime 
falls dramatically further. Even if the 
temperature protection mechanism 
is triggered earlier, it may mean that 
non-critical damage may have already 
occurred to some components, which 
could impact lifetime in the longer 
term. 

no recompense
Research has shown that most luminaire failures can be at-
tributed to the driver. The problem is that despite warranties and 
guarantees, driver manufacturers have become expert at avoi-
ding any liability. There is a wide range of ‘get out’ clauses even 
allowing for the technical design and operational parameters 
already mentioned.  Some vendors will blame failures on poor 
installation, surge conditions, or even outdated software (in the 
case of one DALI driver). 

A major contributory factor to the problem of LED driver 
selection is that there is no industry standard yet published 
on LED driver testing, or on how to present information in 
datasheets so that end users can make easy comparisons on 
features and performance.  LED driver manufacturers need to 
be challenged more often and more rigorously to present all the 
relevant information clearly, especially on how their products 
truly perform and those parameters that cause drivers to fail. 

show by example
European LED driver manufacturer, Lumotech, is aiming to 
pioneer better documentation in the LED driver market. It has 
produced an informative White Paper highlighting the issues, 
and which includes a checklist for designers to test LED drivers 
to ensure the right choice. Lumotech also takes a no-nonsense 
approach regarding its own product datasheets, clearly indicat-
ing the technical performance and reliability parameters and 
operating conditions. 

Graphical data shows efficiency with respect to power, load 
and temperature conditions, power factor and power output, 
and harmonic distortion performance across current ranges.  
In addition, the company offers a totally transparent five-year 
warranty on all its products, and lifetimes are clearly stated at Tc 
(max). 

In summary, LED drivers cannot be selected on cost alone.  
It is essential to ask the right questions of your potential 

supplier, and to test driver performance across expected condi-
tions.  Above all, read the specifications in the data sheets very 
carefully.



www.electronics-eetimes.com    Electronic Engineering Times Europe  November 2015   37

1681

 - For maximum pin temperature up to +155°C

 - Suitable for applications according to IEC 60335-1

 - Screw-on or snap-in mounting 
 

schurter.com/gst

High performance in 
very hot conditions

PC
B-

PO
O
L®

 is
 a

 r
eg

is
te

re
d 

tr
ad

em
ar

k 
of

 B
et

a 
LA

YO
UT

 G
m

bH

www.pcb-pool.com      

Email: sales@pcb-pool.com

Flexible PCBs:

• Favourable pricing – 
  thanks to PCB-POOL® production

• Online Calculation

• Made in Germany 

NEW !

& Small SeriesFlex PCB Prototypes 
Making streets safer  
from dusk ‘til dawn starts 
with circuit protection
By Johnny Chang and Tim Patel

all around the world, cities and towns are steadily repla-
cing their old high-intensity discharge street lights with 
LED luminaires. In contrast with the yellowish light cast 

by high-pressure sodium lamps, LED street lights produce 
whiter, cooler light, which enhances drivers’ depth of field and 
peripheral vision, reducing the potential for collisions. However, 
installing these new fixtures requires a substantial initial invest-
ment; planners must be able to justify the expense by getting a 
payback on their investment within a reasonable period based 
on LEDs’ lower wattage demands, lower maintenance costs, 
and longer operating life. 

In the United States, the Department of Energy’s (DOE) 
Municipal Solid-State Street Lighting Consortium (MSSLC), 
the Clinton Climate Initiative (CCI)/C40, and the Federal Energy 
Management Program (FEMP) worked in partnership to develop 
the Street and Parking Facility Lighting Retrofit Financial Analy-
sis Tool for the financial analysis of retrofitting street and parking 
facility lighting with more efficient alternatives. 

Approximately one-third of the savings attributable to switch-
ing to LED street lights are the result of the extended lifetimes 
these fixtures offer. Their potential for reducing maintenance 
costs is essential to ensuring their long-term cost-effectiveness. 
Protecting outdoor LED lighting from lightning-induced surges 
requires diverting high voltage/current transient interference 
away from sensitive electronics in the lighting fixture. 

Various surge protective devices (SPDs) are used in outdoor 
LED lighting to suppress surge energy and minimize surge 
impact. LED lighting equipment manufacturers rely on a variety 
of surge protective devices (SPDs), including carefully chosen 
fuses, metal oxide varistors (MOVs), and transient voltage sup-
pression (TVS) diodes to meet important regulatory and safety 
standards related to overvoltage transients. Figure 1 illustrates 
the various elements typically incorporated into a street light 
surge protection circuit.

Although some LED luminaires feature surge protection 
devices embedded in the power supply unit, circuit protection 
device manufacturers often recommend that the surge protec-
tion circuit be kept separate from the luminaire power supply; 
in this way, luminaire manufacturers can easily market the same 
luminaire anywhere by attaching different surge protection mod-
ules to meet differing surge level requirements, based in part on 
lightning strike frequency data. 

Because of their fast response times, high surge energy han-
dling, compact size, and cost-effectiveness, MOVs are widely 
used in surge protection circuits. However, after MOVs absorb 
a certain number of surge strikes, they will start to degrade and 

Johnny Chang is a Product Manager for Littelfuse’s Electronic 
Business Unit - www.littelfuse.com - He can be reached at 
jchang@Littelfuse.com 
Tim Patel is Technical Marketing Manager for Littelfuse’s 
Electronics Business Unit. He can be reached at  
tpatel@littelfuse.com
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won’t provide the same protection as new ones. A separate 
surge protection module allows for easy replacement when the 
original module reaches the end of its useful life.

MOV technology offers an affordable, effective way to sup-
press transients in power supplies and other applications, such 
as the SPD modules often located in front of an LED driver. 
They are designed to clamp overvoltage transients within 
microseconds, but when built into SPD modules, MOVs can 
be subject to temporary overvoltage conditions caused by loss 
of neutral or by faulty installation wiring. These conditions can 
severely stress an MOV and cause it to experience thermal run-
away, resulting in smoke, overheating, and possibly fire. Robust 
SPD designs feature thermal disconnects to protect the MOVs 
from thermal runaway.

After exposure to a large surge or several small surges, 
MOVs tend to degrade steadily, which leads to increasing MOV 
leakage current. Even under normal conditions, this degrada-
tion will increase the MOV’s temperature. A thermal disconnect 
as shown in figure 2, placed next to the MOV, can be used to 

sense the increase in MOV tem-
perature as it continues to dete-
riorate. When the MOV reaches 
the end of its operating life, the 
thermal disconnect will open the 

circuit, remove the degraded MOV from the 
circuit, and prevent its catastrophic failure.

Once the thermal disconnect removes 
the MOV from the circuit, the SPD modu-
le no longer provides surge suppression. 
Therefore, it’s important to supply proper 
indication so maintenance personnel will 
know the SPD is no longer working and 
requires replacement. 

Luminaire specifiers can choose from 
two main types of SPD module configura-
tions based on their maintenance strategies: 
parallel- or series-connected surge protec-
tion subassemblies.

Parallel Connection – The SPD module 
is connected in parallel with the load as 
shown in figure 3a. An SPD module that has 
reached end-of-life is disconnected from 
the power source while leaving the AC/DC 
power supply unit energized. The lighting 
remains operational, but the protection 

against the next surge to which the power supply unit and LED 
module are exposed is lost. 

In a parallel-connected SPD module, replacement indication 
can be added using a small LED that indicates the SPD module 
status to the maintenance technician. Options for a green LED 
indicating an online SPD module or a red LED indicating an 
offline SPD module are available. Or, rather than an LED indica-
tion at each lighting fixture, the need for SPD module replace-
ment could be indicated remotely to a light management center 
with SPD module end-of-life indication wires connected to a 
networked smart lighting system.

Series Connection – The SPD module is connected in series 
with the load as shown in figure 3b, where the end-of-life SPD 
module is disconnected from the power source, which turns the 
light off. The loss of power to the luminaire indicates the need 
for maintenance call and isolates the AC/DC power supply unit 
from future surge strikes. General preference for this configu-
ration is growing rapidly because the luminaire investment 
remains protected while the SPD module is awaiting replace-
ment. It’s far less expensive to replace a series-connected SPD 
module than the whole luminaire as in the case of a parallel-
connected SPD module. 

Fig. 2: A thermal 
disconnect can open 
a circuit and prevent a 
degraded MOV from failing 
catastrophically. Fig. 3. An SPD module that’s parallel-connected to a luminaire (a) and an SPD module that’s series-

connected to a luminaire (b).

Fig. 1: Elements of an LED street light protection scheme
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leD shows twice the brightness  
from same chip surface area
Osram Opto Semiconductors has expanded the portfolio of 
the Osram Ostar Stage family with the addition of four chips of 
the high-power LED in red, green, blue and white which can be 

operated at up to 2.5 A (DC) thanks 
to improved chip technologies. The 
improvements lead to twice the out-
put of 30 W (electric) from the same 
chip and package area compared to 
the existing version, adding another 
output class to the product family. 

The LEDs were developed primarily for use in stage spotlights. 
Four high-power chips with the latest thinfilm and UX:3 technol-
ogy in red, green, blue and white are the basis of the improved 
brightness of the new Osram Ostar Stage. The 1 mm² chips can 
be operated for the first time at up to 2.5 A providing an output 
of 30 W, which is twice as high as the existing version.
osram opto semiconductors
www.osram.com

sio3 silicone lenses solve cob optical issues
Khatod Optoelectronic has set itself a goal to solve the 
optical issues when using COB LEDs, especially for outdoor 
lighting, leveraging the high flux output of COB LEDs while 

maintaining beam control with shatter-
proof protection. The company has 
come up with a complete portfolio of 
free form SiO3 silicones lenses opti-
mized for the most popular HB and COB 
LEDs. The optical lenses are engineer-

ing through an exclusive cold injection-moulding process 
customized by Khatod. Designed for wide area lighting, 
outdoor and indoor, the lenses can be supplied with differ-
ent beam angles depending on the application: 3 rotosym-
metric, 4 asymmetric, 2 axially symmetric in x, y, measuring 
111x110x32mm.
Khatod optoelectronic

leD drivers drive two strings  
of 10 leDs at 50-ma
Linear Technology has introduced a high efficiency, constant 
current LED driver that can drive two strings of up to 10 LEDs at 
50 mA. To ensure constant brightness, each LED string contains 

an accurate high side current source 
with ±1.8% current matching. The 
LT3909’s input voltage range of 2.9 V 
to 40 V makes it ideal for applications 
ranging from single/multiple Li-Ion 
inputs to automotive and industrial 
applications. The LT3909 offers PWM 

dimming ratios up to 40,000:1, providing an LED backlighting 
solution in applications such as automotive and avionic displays 
subject to a wide range of ambient lighting conditions. The 
LT3909 delivers up to 36 V of LEDs per string, and its output 
voltage adapts to any variation in LED VF for optimum effi-
ciency.
Linear technology
www.linear.com



40   Electronic Engineering Times Europe  November 2015 www.electronics-eetimes.com 

inDustrial robotics

FPGAs and functional safety in industrial applications
By Joe Mallett

the increasing adoption of automation on the factory floor 
is a key driver for more processing bandwidth, integra-
tion of industrial-specific communications, and functional 

safety. The integration of FPGA devices into applications found 
on the factory floor, like programmable logic controllers (PLCs), 
industrial networking switches, and motor controllers is increas-
ing due to their long lifetimes, high processing bandwidth, and 
flexibility to integrate many IP technologies. 

Often these automation technologies enabled by FPGAs 
translate to greater interaction between people and machines, 
calling for additional functional safety. To facilitate building 
functionally safe designs, robust synthesis tools that support 
defined methods are needed. One such 
tool is Synplify Premier, which provides 
FPGA designers with technologies that 
enable functional safety capabilities into 
their products.

The operation of FPGA-based pro-
ducts in harsh conditions ranging from 
high temperatures to high radiation 
environments can cause errors to be in-
troduced. This creates a growing need to 
utilize special design techniques to detect 
in-system errors and to recover to cor-
rect operation. Synplify Premier provides 
designers with the ability to build-in these 
safety features to help mitigate errors and, ultimately, achieve 
greater design reliability. 

The range of solutions enabled through Premier’s design for 
high reliability capabilities include safe and fault tolerant finite 

state machines (FSMs), redundancy-based mitigation, support 
for I/O replication, memory error correction circuitry, and error 
monitors to trigger error correction. These capabilities can be 
used in any combination to suit the design. By utilizing one of 
the redundancy-based mitigation strategies, a designer can cre-
ate a circuit design that can be duplicated and compared.

Premier will automatically duplicate the circuit and add the 
compare circuitry with an error flag output that can be tied to a 
local register accessible by the embedded software for system 
level control within the functional safety software stack. The 
embedded system software can read the error condition and 
respond with the correct recovery scheme.

In addition to redundancy techniques, 
designers need to take care with FSMs, 
which can become stuck in an invalid, 
and potentially disastrous, state. A soft 
error can force the state machine into an 
illegal state, so the tools must be ca-
pable of taking the original state machine 
representation as defined and augmenting 
it with the ability to detect and mitigate 
induced errors.

With today’s small silicon geometries 
and higher reliance on “safe” designs, 
induced soft errors impose an increasing 
threat to reliable operation in multiple ap-

plications - not just in industrial environments, but also in things 
like automotive applications. By utilizing redundancy, develop-
ing safe sequential logic, and creating fault-tolerant state ma-
chines with custom error mitigation logic, designers can protect 
their FPGA-based designs from soft errors.

As more applications require implementing functionally safe 
features, even at sea level, tools like Synplify Premier become 
invaluable to designers.

Searchable 4K mobile imaging soon a commodity
By Julien Happich

cadence has just unveiled its lat-
est image and video processing 
DSP core, the Tensilica Vision P5, 

boasting a 13X performance boost at a 
fifth the energy consumption compared 
to its previous offerings.

The new DSP core was built from 
the ground up for applications requiring 
ultra-high memory and operation paral-
lelism to support complex vision processing at high resolution 
and high frame rates. 

As such, it is well suited for off-loading vision and imaging 
functions from the main CPU to increase throughput and reduce 
power. End-user applications that can benefit from the DSP’s 
capabilities include image and video enhancement, stereo and 
3D imaging, depth map processing, robotic vision, face detec-

tion and authentication, augmented 
reality, object tracking, object avoidance 
and advanced noise reduction.

The Tensilica Vision P5 DSP core 
includes a significantly expanded and 
optimized Instruction Set Architecture 
(ISA) targeting mobile, automotive 
advanced driver assistance systems 
(or ADAS, which includes pedestrian 

detection, traffic sign recognition, lane tracking, adaptive cruise 
control, and accident avoidance) and Internet of Things (IoT) 
vision systems. 

The advances in the Tensilica Vision P5 DSP further improve 
the ease of software development and porting, with compre-
hensive support for integer, fixed-point and floating-point data 
types and an advanced toolchain with a proven, auto-vector-

Joe Mallett is a senior product marketing manager for FPGA-
based synthesis software tools at Synopsys –  
www.synopsys.com 

Duplicate with compare example (Source: 
Synopsys).
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izing C compiler. The software environment 
also features complete support of standard 
OpenCV and OpenVX libraries for fast, high-
level migration of existing imaging/vision ap-
plications with over 800 library functions. 

Among the key new features enabling this 
drastic performance increase is the wide 
1024-bit memory interface with SuperGather 
technology for maximum performance on the 
complex data patterns of vision processing. 
With The SuperGather technology oper-
ates in parallel and supports the reads 
and writes of many non-contiguous 
address cells, improving non-uniform 
access algorithms such as image warp-
ing, edge tracing, non-rectilinear patch 
access. 

The DSP supports up to 4 vector 
ALU operations per cycle, each with 
up to 64-way data parallelism, up to 5 
instructions issued per cycle from 128-
bit wide instruction delivering increased 
operation parallelism, and enhanced 
8-,16- and 32-bit ISA tuned for vision/
imaging applications.

An optional 16-way IEEE single-pre-
cision vector floating-point processing 
unit delivers 32GFLOPs at 1GHz.

As a real-life example, Dennis Cre-
spo, Director of Product Marketing for 
the Cadence Tensilica Imaging Group 
mentioned a customer doing research 
in deep neural networking on the server 
side, to perform big data analysis on 
image data. The unnamed customer 
was able to move from a power-hungry 
250W GPU array solution to a 4W DSP 
implementation using eight Vision P5 
DSP cores.

“In smartphones, the new DSP core 
could displace some of the GPU silicon, 
trading off your typical 5W mobile GPU 
solution for a 300mW DSP”, Crespo 
said, commenting on the need for more 
digital signal processing as pixel sizes 
shrink and signal to noise ratio gets 
worse. 

“4K video which used to be seen 
only in the professional domain is now 
moving to smartphones” he added, 
saying that professional use cases are 
pushing image resolutions to 50 or even 
100 Mpixels.

According to Crespo, the new IP 
is the sort of DSP solution needed 
for image data mining or even audio 
data mining that, when coupled with 
machine learning, could figure out what 
users may want to buy at what time. 
This is the sort of predictive consumer 
analysis that advertisers are expecting 
from big data.

Another promising mass market 
could be drones, according to Crespo, 

most of the object detection algorithms 
found in automotive could directly trans-
late into the drone market. 

Such a DSP could be integra-ted into 
a new SoC for drone control systems, to 
alleviate poor operator performance and 
smooth out the flight and video recording 
experience. 
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3D camera-computer does all the vision 
processing you want
By Julien Happich

founded in 2013, Seattle-based 
startup Orbbec is rounding up an 
Indiegogo crowd-funding campaign 

to bring to market what the company 
claims to be the first 3D-camera with a fully 
functioning built-in computer. The unit can 
not only perform 3D image acquisition, but 
also real-time 3D mapping alongside any 
other video processing or robotic control 
functions, hence doubling as the main ap-
plication’s brain. 

The Orbbec Persee, as it is called, relies 
on the projection of a structured light dot 
pattern using an infrared laser and proprietary diffraction grat-
ings, and its detection through an SXGA infrared CMOS sensor 
(1280x1024pixels). 

The startup also developed a proprietary chip to do the 
triangulation, depth extraction, and optionally 3D mapping over 
the colour image frames that are recorded by an RGB camera 
sensor. Depth extraction is performed at 30 frames per se-
cond at SXGA resolution for high accuracy (0.5 centimeters at 
a distance of 2 meters, with a range up to 8 meters) and then 
converted to VGA (640x480 pixels) depth image frames for 
faster data transfers through USB.

Any other video processing functions or application control 
after that would be carried out by the built-in computer featur-
ing a 600MHz Mali-T7 GPU, a quad-core Cortex A17 CPU run-
ning at up to 1.8GHz, and 2GB of DDR3 RAM completed by an 
integrated SD Card reader for storage memory.

Typically in robotics, video processing (such as face recog-
nition, eye tracking) would be performed on the RGB frames, 
separately from the depth sensing rendered in grey scale for 
navigation or gesture interfacing.

The startup’s product line-up includes the Persee (the 3D-
camera featuring a computer on-board) which can double as 
the main processing unit of any application relying on 3D vision, 
and two other offerings, the Astra and Astra Pro, which are two 
flavours of standalone 3D cameras, the former delivering a VGA 
colour output while the latter boasts a 720p HD colour cam-
era and can stream its data via USB 2.0. In fact, the Astra was 
launched some months ago with the funding of 
private angel investors, but the Indiegogo cam-
paign for the Persee and Astra Pro is more wide 
ranging, appealing to both business partners 
and consumers alike. 

At the core of all three devices lay the 
company’s chip, something Orbbec is not keen 
sharing too much about. For EEtimes Europe, 
Joshua Blake, Orbbec’s co-founder and VP of 
Engineering puts things in perspective.

“If one wants to process 1280x1024 (SXGA) 
structured light infrared image into depth, it 
takes several hours per frame to do this on a 
high-end desktop-class CPU and C++ imple-
mentation. 

On a high-end desktop-class CPU and a 
highly-optimized OpenMP & SSE3 imple-
mentation, it takes 3 to 5 seconds per frame.

With the 3D ASIC chip the Orbbec team 
developed, it takes only a few nanoseconds 
per frame.

In the complete Astra 3D camera, we ea-
sily calculate SXGA depth at 30 frames per 
second (based upon the IR CMOS capabi-

lity), then downscale the depth image to VGA for transmission 
across the USB 2.0 connection”.

This down conversion from SXGA to VGA has another 
purpose, explained Blake, it allows the chip to detect and filter 
out low quality pixels, so the resulting VGA frames are like a 
condensate of the best pixels, which make the 3D camera ope-
rational even in the most challenging lighting conditions.

For depth sensing, Orbbec chose structured light IR projec-
tion over Time-of-Flight sensors because the technology can 
scale up more easily. 

“On our chip, we could run the depth conversion algorithms 
at 300fps, this leaves us a lot of room to extend our product 
range in the future, as sensors get faster and of higher resolu-
tion”, Blake said, adding “In general, we’re not limited by our 
technology, we could increase both resolution and frame rate, 
but the only limiting factor is streaming the data outside the 
camera unit”.

Over a skype video conference, Blake demonstrated the  
Astra 3D camera and how responsive the 3D depth sensing 
was, feeling pretty much instantaneous. He also briefly switched 
from a grey-scale depth map to a fused 3D colour image, an 
application he is still working on. Real-time skeleton tracking is 
also on the agenda.

With its 184x35x46mm casing, the whole 3D camera-com-
puter unit is about half the size of the Kinect 2 which would only 
provide the sensors and no on-board processing power. Yet, 
the company plans to offer a modular unit for business partners 

who would want to integrate it as a 3D vision 
platform within industrial applications.

Having reached over 250% of its initial USD 
40,000 funding goal with still 10 days to go in its 
campaign, the company has just open sourced 
the complete Orbbec Astra software develop-
ment kit (SDK) to GitHub. 

Available at https://orbbec3d.com/develop/, 
the beta SDK supports Windows and OS X as 
well as the creative coding framework Process-
ing. Support for Linux and Android, as well as 
openFrameworks, Unity 3D, and Cinder, will be 
available in future versions.

Orbbec’s co-founder and VP of 
Engineering, Joshua Blake, holding the 
Astra 3D camera.

Modular versions of the Persee, 
front and back.
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asynch image sensor boosts machine vision 
Chronocam AS (Paris, France) is a startup company that de-
velops vision sensors and systems for machine vision based 
on an asynchronous pixel sensor technology. While conven-
tional image sensors are optimized to produce images for the 
human eye, machines do not necessar-
ily need the highest resolution but can 
benefit from different attributes such as 
high dynamic range, high speed and 
low data rate.The company, founded in 
2014, is based on 15 years of research 
at the University Pierre et Marie Curie 
and University of Vienna. It has re-
ceived a number of awards and grants 
plus seed fundings including one of 
€750,000 (about $850,000) from Robert 
Bosch Venture Capital (Stuttgart, Ger-
many) and CEA Investissement (Paris, 
France).The sensors being developed 
by Chronocam are inspired by the action of the human eye, 
in that they acquire and process information asynchronously 
and in an efficient way. They are suitable for such machine 
vision tasks as 3D mapping, multi-object tracking, “always-on” 
visual input and are applicable in sectors such as automotive, 
industrial, aerospace and smart devices such as drones. The 
initial image sensor is QVGA resolution (320 by 240 pixels) 

with a pixel size of 30-microns on a side and sampling circuit 
alongside each pixel. The sensor is not clocked and does not 
send frames of data, said Christop Posch, chief technology 
officer. Each of the pixels in the array acts independently and 
sends information that is time-based. In addition, the pixel 

only sends information when there is a 
significant change. The result is scene-
dependent data compression that 
results in time-continuous but sparse 
stream of events sent over an asyn-
chronous data bus. Chronocam calls 
the technology CCAM EyeOT. Com-
bined performance figures include up-
date speeds equivalent to 100k frames 
per second, a dynamic range of greater 
than 120dB. The video compression is 
a factor of 100 up from conventional 
image sensors and a power consump-
tion of less than 10mW.The first sensor 

array is made for Chronocam by United Microelectronics Corp. 
(Hsinchu, Taiwan) and measures about 1cm by 0.8cm, said 
Posch. Next steps for the company could include reducing the 
size of the pixels to allow a lower cost sensor at QVGA resolu-
tion or a similar sized sensor at VGA resolution.
chronocam as 
www.chronocam.com
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ready-to-use can gateways target industry 4.0
Deutschmann Automation’s Unigate CM CANopen gateway 
series has been designed to be used as an Industry 4.0 core 
component for devices which operate internally with CAN or 
CANopen and are to be connected to other popular Fieldbus 

and Industrial Ethernet systems. 
The IP20-rated module measures 
23x115x100mm and can be easily 
mounted on a DIN rail. Besides 
RS232, RS485 and RS422 standard 
interfaces, the Unigate CM CANo-
pen gateway features an additional 
CAN/CANopen master interface 
with Mini-Master functionality. 
Adaptation of the device-firmware is 
not necessary. After configuration of 
the parameters, the gateway is im-
mediately ready for communication. 
The adjustable values are context-
sensitive displayed, dependent on 
the selected function parameters. 

Furthermore, the module can be very flexibly programmed using 
Deutschmann’s script language. 
deutschmann automation
www.deutschmann.de

industrial grade transmitter chip supports 
wireless 1080p 60fps video
SiBEAM, Inc., a Lattice Semiconductor company has launched 
a WirelessHD transmitter and receiver modules that ope- 
rate over the 60GHz millimeter wave frequency band. Based 

on production-proven WirelessHD chipsets already shipping 
in consumer electronic devices, the modules deliver visually 
lossless 1080p video streams at up to 60 frames per second 
and are an ideal video cable replacement solution in medical or 
industrial operating environments where cables are safety haz-
ards. The wireless modules also reduce the cost of ownership in 
clean-room environments as there are no video cables to main-
tain and sterilize. SiBEAM’s WirelessHD MOD6320-T transmitter 
and MOD6321-R receiver modules connect to a host board and 
provide wireless video connectivity between an HDMI source 
and a display. Having attained various wireless regulatory ap-
provals, the modules significantly reduce the complexity associ-
ated with wireless performance design, testing, and compliance 
standards in wireless system design. 
sibeaM, inc.
www.sibeam.com

software safety and security makes sitara 
industrial-ready
Green Hills Software has announced early support of its 
safety and security products featuring the safety-certified In-
tegrity real-time operating system (RTOS) for the new Sitara 
AM57x family of processors 
from Texas Instruments. 
The Green Hills product and 
services portfolio also in-
cludes software development 
tools, cryptographic security 
products and safety services 
that when combined, enable 
device manufacturers to cre-
ate and deploy secure and 
safe products for industrial 
control, factory communi-
cation, and smart grid technologies. As today’s industrial 
control and automation products demand higher perfor-
mance, richer human machine interfaces (HMI) and assured 
security on untrusted networks, device manufacturers are 
moving to new faster processors with integrated acceleration 
units devoted to 3D graphics, cryptography and industrial 
communication protocols. To unlock these hardware features 
they require easy-to-use software development tools that 
generate high-quality/high-performance code, cryptographic 
toolkits to build in a root of trust to protect critical data and 
device resources, and a scalable trusted runtime architecture 
certified to the highest levels of IEC 61508 certified industrial 
safety. Green Hills Software and TI bring these hardware and 
software components together into an integrated solution. 
The Sitara AM57x processor family is offered in dual/single 
ARM Cortex-A15 configurations.
Green Hills software
www.ghs.com

usb 3.0 industrial cameras get macro and 
wide-angle lenses
IDS has expanded the range of applications of its 13 mega-
pixel industrial autofocus camera USB 3 uEye XC by offer-
ing new accessory lenses. A macro lens allows a detailed 

inspection of 
objects at a work-
ing distance of 
about three to five 
centimeters. The 
wide-angle acces-
sory lens increas-
es the camera’s 
field of view. The 
accessory lenses 
are available as of 
now and can be 
screwed on the 
USB 3 uEye XC 

very simply. Using the macro lens is an ideal accessory for 
the 13 MP camera, especially for medical applications such 
as skin screening. The combination of macro lens and wide-
angle lens increases the field of view by a factor of 1.4, i.e. 
from 53 degrees (live video) to 74 degrees. Providing many 
auto features that are normally only available on the latest 
consumer digital cameras like face detection, 16x digital 
zoom, autofocus, backlight compensation, automatic white 
balance, the camera is well suited for applications with vary-
ing ambient conditions.
ids imaging development systems
www.ids-imaging.com
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single-chip powerline modem solution  
supports worldwide frequency bands
Renesas Electronics has launched the third generation OFDM powerline modem 
solution which continues to provide the flexibility to support any PLC protocol 
standard, such as PRIME1.3.6/1.4 and G3, for all global frequency bands including 

CENELEC A, FCC and ARIB. Renesas’ third generation 
of flexible single-chip powerline solutions allows meter 
ma-nufacturers to manage their key challenges more 
easily, as it helps shorten time-to-market, minimise risk 
and maximise system cost efficiency. With its increased 
memory headroom and boosted protocol processing per-

formance, new generation PLC protocols like PRIME 1.4 with full band-plan cover-
age can be supported. In addition, functions like dual-route communication can be 
implemented, helping customers to differentiate their products. The modem device 
integrates an enhanced MAC controller supporting large scale network hopping 
and routing as well as a high performance DSP with special instructions for PLC, 
covering the physical layer and real time processes of the MAC implementation.
renesas electronics
www.renesas.eu

Qualcomm introduces first wave 2 802.11ac  
wi-fi system-on-chip
Qualcomm Atheros has introduced the first fully integrated, smart gateway system-
on-chip (SoC) incorporating its next generation Qualcomm® Internet Processor (IPQ), 
Qualcomm® VIVE™ with Qualcomm® MU | EFX MU-MIMO technology, built-in Gigabit 
Ethernet, and Qualcomm® StreamBoost™, with support for dual band simultaneous 
(DBS) transmission and LTE backhaul. The IPQ40x8/x9 SoC will be the basis for a wide 
variety of applications and services, including home routers, enterprise access points, 
hotspots, carrier LTE gateways and range extenders. The IPQ40x8/x9 integrates two 
2x2 radios capable of up to 1.73 Gbps maximum PHY rate, a quad-core ARM CPU and 
a Gigabit Ethernet switch onto the same silicon chip. As the industry’s first fully integrat-
ed Wave 2 MU-MIMO Wi-Fi® SoC, the IPQ40x8/x9 is a cost, size and power-effective 
SoC that enables original equipment manufacturers (OEMs) to bring 11ac benefits to 
mainstream segments. Additionally, IPQ40x8/x9 has the flexibility to configure its radios 
for traditional 2.4 GHz and 5 GHz dual band simultaneous operation, or both configured 
to 5 GHz band for single-band simultaneous or range extender operation.
Qualcomm atheros
www.qualcomm.com

Quick-start kit packages blDc vector control
With STMicroelectronics’ STM32 Motor-Control Nucleo Pack, you can “plug and 
spin” brushless DC motors in, “just a few seconds” - the company promises. The 
$35 starter kit plus free-of-charge software algorithm aims to help engineers and 
hobbyists implement efficient vector control in a very short time for motor-driven 

projects. The P-NUCLEO-IHM001 Motor-Control Nu-
cleo Pack in combination with software elements from 
the STM32 Motor Control Ecosystem enables users to 
‘plug and spin’ synchronous motors without any dedi-
cated skills or additional equipment. The pack contains 
an STM32 F3 Nucleo microcontroller board, plug-in 
48V/1.4A motor-driver board based on the STSPIN 

L6230 motor-driver IC, and a low-voltage brushless motor. After connecting the 
boards and motor, the motor is ready to run using the sample trapezoidal (6-step) 
or sinusoidal (field-oriented control or FOC) control algorithms that are pre-loaded 
on the microcontroller. With the motor running, users can compare and understand 
control techniques, and then customise the controller (in the FOC mode) by chang-
ing settings with MC WORKBENCH configurator and code generators.
stMicroelectronics
www.st.com/stm32
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give-away: 32-bit mcu board 
plus compiler kits
This month, FTDI Chip is giving away 
six MCU development board packages complete with a 
dedicated compiler (including a full integrated development 
environment). Worth Euro 315 each, the packages include a 
credit card sized Clicker 2 board for the FT90X 32-bit MCU 
supplied alongside a powerful dedicated compiler from 
MikroElektronika. This 
MCU delivers zero 
wait state operation 
at speeds of 100MHz 
by using its 256kByte 
built-in shadow RAM. 
Alongside the MCU, 
the board has all the 
additional components 
requited for embarking upon an embedded system develop-
ment project. These include LED indicators, crystal oscil-
lators and configurable pushbuttons, as well as a power 
management/battery charging subsystem. Through IDC10 
connectors, the Clicker 2 can link up with an array add-on 
boards covering various tasks - imaging, wireless com-
munication, motion control and suchlike. With regard to the 
accompanying compilers, each of these provides a full in-
tegrated development environment (IDE) with added library 
support for all FT90X features plus syntax colour-coded 
editor and project manager windows. Competition winners 
can choose from 3 different programming languages. These 
are C, Pascal and Basic.
ftdi chip - www.ftdichip.com

Check the reader offer online at
 

www.electronics-eetimes.com

ReaderOf feromnivision offers iris-recognition sensor
OmniVision Technologies Inc. (Santa Clara, Calif.) has an-
nounced a 1920 by 1920 pixel image sensor that is also 
optimized for infrared light sensitivity allowing it to serve as an 
iris-recognition sensor. The OV2281 has 1.12-micron pixels can 

record 1080p high-definition video at 60 
frames per second in both portrait and 
landscape orientation, thus supporting 
iris detection in either situation. When 
recording full-resolution 1920 x 1920 
video at 30 FPS, the sensor requires 
126mW. It also supports a low power 

mode that can reduce power consumption to approximately 
25mW. As a monochrome sensor, the OV2281 produces images 
in low-light conditions. “Industry experts project that 13 billion 
biometric applications will be downloaded by 2.2 billion mobile 
users between 2014 and 2020,” said Archie de Guzman, staff 
product manager at OmniVision. “In this context, iris detection 
appears poised to become the next trend in biometric security 
for mobile devices. The OV2281 therefore enters the market as 
an extremely compelling solution by offering accurate horizontal 
or vertical iris detection in a compact and power-efficient pack-
age.” The sensor fits into a 5.5mm by 5.5mm module with a 
z-height of less than 4.5mm and is in volume production.
omniVision technologies inc.
www.ovt.com

in-mold electronic inks enable seamless 
functional integration
DuPont Microcircuit Materials is launching a suite of in-mold 
electronic inks designed to help streamline electronic devices 
by reducing the need for rigid circuit boards. By printing circuits 
directly onto plastic substrates, touch con-
trols, such as electronic buttons, switches 
and slides, are readily integrated in applica-
tions such as home appliances and auto-
mobiles. The inks offer important design, 
manufacturing, weight and cost advantages 
and mark the further expansion of DuPont 
advanced materials enabling printed electronics. The DuPont 
ME series in-mold electronic inks are designed to withstand 
demanding manufacturing processes such as thermoforming 
and injection molding. They also simplify the assembly process 
because there is only a single connection point and no wires 
behind the console. This can reduce the weight of a console by 
more than 70 percent. In addition to increased design freedom 
and lighter weight, the technology can reduce cost by up to 50 
percent compared to currently available buttons and up to 20 
percent versus other electronic touch switch systems. 
dupont Microcircuit Materials
http://mcm.dupont.com

Power management ic eases  
hearing aids design
ON Semiconductor’s HPM10 Power Management Integrated 
Circuit (PMIC) and Ezairo 7150 SL wireless-enabled audio 
processor are aimed at the hearing aids market. The Ezairo 

7150 SL uses the company’s 
widely-implemented proprietary 
DSP technology and brings 
wireless connectivity to hea-
ring aids and cochlear implants. 
The compact hybrid module 
is based on the Ezairo 7100 

open-programmable 24 bit mixed-signal DSP platform, offe-
ring a System in Package (SiP) solution supporting wireless 
multi-protocol operation and optimized for 2.4GHz band ap-
plications, including Bluetooth Low-Energy. Ezairo 7150 SL 
integrates EA2M, a low power 2 Mb serial CMOS EEPROM 
used for storing hearing aid firmware and important param-
eters. The HPM10 chip generates the voltage needed by the 
hearing aid and it also manages the charging algorithms such 
that the battery autonomy and the number of charging cycles 
are optimized. The rechargeable chemistries supported 
include silver−zinc (AgZn), and lithium−ion (Li−ion). HPM10 
also detects zinc−air (Zn−Air) and nickel metal hydride (Ni-
Mh) batteries but doesn’t charge them. During operation, 
HPM10’s high efficiency power regulators help minimize lost 
power from the battery to the hearing aid. HPM10’s built-in 
charger communication interface (CCIF) can pass data to the 
hearing aid charger during the charging process. Different 
charging parameters, representative of battery size and type, 
can be stored in the HPM10’s on-chip one-time program-
mable (OTP) memory.
on semiconductor
www.onsemi.com
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mitsubishi’s ecus get over-the-air updates
Mitsubishi Electric has announced it is integrating Movimento OTA technology into 
its next-generation head-unit architecture to provide customers with over-the-air 
(OTA) update capabilities. The new architecture, FLEXConnect, helps to accele-
rate the delivery of infotainment services. Car owners will benefit from a completely 

personalized entertainment system with continuous 
updates to the newest systems without ever having to 
return to the dealer. This combined technology breaks 
new ground in bringing software delivery from the 
cloud to the car in a very secure way, supporting new 
applications and services to be delivered in real time to 
vehicles, and eliminating software recalls and associ-

ated warranty costs. Integrating Movimento’s OTA technology shortens software 
deployment times but also speeds up the roll out of new features or the issuance 
of security patches throughout the vehicle. According to analyst firm IHS, remote 
OTA upgrades will save automakers $35 billion by 2022. 
Movimento
www.movimentogroup.com

sPi nor flash memory supports transmission  
speeds up to 400mb/s
Non-volatile memory manufacturer Macronix has released what the company believes 
to be the industry’s fastest SPI NOR flash memory. The OctaFlash MX25UM product 
family includes x8 I/O serial interface products with an operating frequency of up to 

200MHz and transmission speeds of up to 400MB/s. Input 
and output cycles of all commands, addresses and informa-
tion support DTR mode, overcoming the inconvenience of 
traditional SPI which only supports the STR framework for 
command input and needs to switch between different pro-
tocol modes. Similarly, prior SPIs only supported STR mode 
when performing program or erase operations and only 

supported DTR mode when reading, while today’s OctaFlash supports DTR mode for 
all three operations, saving the time needed to switch between modes. The current x1 
I/O requires 40 clock cycles for complete SPI access including executing commands, 
addresses and information, while Quad I/O requires 22 clock cycles. In comparison, 
the next-generation OctaFlash in DTR operation mode needs only 13 clock cycles, 
significantly reducing the read latency of SPI products and increasing the efficiency of 
functions such as execute-in-place (XIP). The device comes in a 24-ball BGA package 
and operates from either 1.8V or 3V, covering 256MB, 512MB and 1GB densities.
Macronix international 
www.macronix.com

Programmable slic for advanced voice-over-iP
Silicon Labs’ latest family of subscriber line interface circuits (SLICs) offers the 
lowest power consumption, smallest footprint, and highest levels of integration and 
programmability for the voice-over-IP (VoIP) gateway market. The single- and dual-

channel Si32x8x ProSLIC family provides a subscriber line 
interface solution for a wide range of VoIP customer pre-
mises equipment (CPE) including cable gateways, xDSL 
integrated access devices, xPON optical network termi-
nals, fibre to the home (FTTH), fibre to the building (FTTB) 
and wireless fixed terminals. The ProSLIC devices mini-
mise SLIC power consumption by using flexible, integrated 

tracking DC/DC controllers that support ultra-low-cost capacitive boost configura-
tion technology. They also reduce power by using Silicon Labs’ low-power ringing 
(LPR) technology and an ultra-low-power 50 mW per channel on-hook mode. The 
Si32x8x BOM footprint is only 4.2 cm² per FXS channel.
silicon Labs
www.silabs.com/ProSLIC

DC-DC 
CONVERTERS

NEW AVP/AVN SERIES!

0.5” x 1.0” x 0.5”

10,000 VDC Outputs
Now in Miniature Design

For full characteristics of these and the 
entire PICO product line, see PICO’s 

Full line catalog at

www.picoelectronics.com

• Isolated  • High Reliability
• 6,000, 7,000, 8,000, 9,000, 10,000 VDC,

positive and negative output models
• 1.25 watt output power, -25˚ to +70˚C 

operating temperature standard, 
no de rating

• 5-12-15-24 and 28 VDC inputs standard
• Military Upgrades Available

Expanded operating temperature, -55˚ to 
+85˚C available - Selected MIL-STD-883
screeening available

• Free review of any additional requirements
and specifications you may have to 
comply with

• Fully encapsulated for use in harsh 
environmental conditions

PICO ELECTRONICS, Inc.

143 Sparks Ave., Pelham, New York 10803
Call Toll Free 800-431-1064

FAX 914-738-8225

E Mail: info@picoelectronics.com

Pico Representatives
Germany

ELBV/Electra Bauemente Vertrieb
E mail: info@elbv.de

Phone: 49 089 460205442
Fax: 49 089 460205442

England
Ginsbury Electronics Ltd

E-mail: rbennett@ginsbury.co.uk
Phone: 44 163 429800
Fax: 44 163 4290904
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mems micro-spectrometer covers the 340 to 
850nm spectral range
Hamamatsu Photonics’ latest MEMS spectrometer, the 
C12880MA, comes in a fingertip sized package with a 
spectral range of 340 to 850nm and a sensitivity two orders 
or magnitude higher than the 
company’s original C12666MA 
micro-spectrometer. The chip 
offers 12nm resolution, a high 
speed video rate of 5MHz and 
incorporates a trigger function 
and a CMOS sensor with 288 
pixels (14x200 um pixel size). The whole unit measures only 
20.1×12.5×10.1mm, making it suitable for portable measure-
ment devices in applications such as colour monitoring, LED 
testing, water quality monitoring and other environmental 
measurement instruments.
Hamamatsu
www.hamamatsu.com

radiocrafts announces sigfox-ready rf 
module
Radiocrafts AS has released a Sigfox-ready radio module 
for IoT applications. Measuring 12.7x25.4mm and delivered 
in a surface-mount, tape and reel packaging, the compact 

RF module has been certified to assure optimal connectivity 
performance on the Sigfox global network. Based on ultra-
narrowband (UNB) technology, the new Radiocrafts module 
has achieved best-in-class designation for receiver sensitivity 
and range. The RC1682 module with embedded Sigfox pro-
tocol is said to provide a robust data link and is very easy to 
use and add to any sensor monitoring or control application. 
It features very high spectral efficiency, with temperature sta-
bilized crystal oscillators to ensure reliable operation over the 
full industrial temperature range, -40 to +85 degrees Celsius. 
Samples and Demo Kits are available now. 
radiocrafts
www.radiocrafts.com

freescale specs analog ic for motorcycles’ abs
Measuring only 7x7mm, Freescale Semiconductor’s SB0400 
and SB0401 analog ICs were specifically engineered for 
motorcycle and scooter’s anti-lock braking systems (ABS), 
helping ECU manufacturers reduce the cost, size and weight 

of the electronic 
control units. The 
two-wheel SB0400 
IC is designed for use 
with motorcycles, 
while the single-
wheel SB0401 IC is 
intended for scooters 
and lighter motor-
cycles. Both products 
are leadless, and 
neither require bulky 

heat sinks, saving system cost and space. Built on Freescale’s 
SMARTMOS analog-mixed signal technology, they integrate an 
ABS system’s wheel speed sensor interface, valve drivers, mo-
tor pump driver, safety switch and safety state machine into the 
smallest package size available on the market for motorcycle 
and/or scooter designs. This product introduction coincides 
with the upcoming initial implementation of European Commis-
sion legislation making ABS mandatory for all new motorcycles 
above 125cc, beginning 1 January 2016. Integrated hardware 
safety functions for protection/diagnostics include over-voltage 
(OV), under voltage (UV), over temperature, short and open load 
detection.
freescale
www.freescale.com/safeassure

nfc analog front end targets smartwatches 
and wearable devices
The company, ams AG has announced an NFC (Near Field 
Communications) analog front end (AFE) for manufacturers 
of smart watches, wristbands and other space-constrained 
devices, enabling them 
to reliably support con-
tactless payments and 
ticketing. The AS3921 
NFC analog front end 
features boostedNFC 
technology from ams, 
which increases the use-
able operating volume of 
an NFC reader by up to 900% when compared to conventional 
NFC implementations. This greatly improves the reliability and 
perceived speed of NFC transactions, particularly in devices 
such as smart watches and wristbands that only have room for 
an extremely small antenna. It also ensures reliable NFC trans-
mission in other device types which have a smaller antenna 
than that of a contactless card, or which present difficult operat-
ing conditions for NFC transmissions. Optimised for space-con-
strained assemblies, the AS3921 enables OEMs to implement 
a simpler design than the conventional NFC controller-based 
architecture allows, resulting in a simpler and cheaper system, 
occupying a board footprint around one third smaller, using 
fewer components and consuming less power. Drawing just 12 
µA in normal operation, and providing a power-saving Secure 
Element wake-up function, the AS3921 drains far less power 
from the battery than NFC controller circuits, which typically 
draw 60 µA or more. Packaged in an ultra-compact wafer-level 
chip-scale package (WL-CSP) measuring just 2.115x1.735mm, 
and connecting directly to the Secure Element with few external 
components required, the AS3921 with boostedNFC technology 
implements active load modulation: it generates an RFID card 
response which is synchronous to the reader’s field. This allows 
for card-to-reader communication at coupling factors as much 
as one order of magnitude lower than is possible with the pas-
sive load modulation (PLM) used by contactless cards.
ams aG
www.ams.com
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motion feedback encoder kits take  
up to 5,000 counts per revolution
Mouser Electronics is now shipping the AEDC-55xx and 
AEDM-5810 motion feedback encoders from Avago Tech-
nologies. Each contain an AEDT-981x module, an ASIC with 
integrated photo detector arrays, 
LED current regulation, interpola-
tor and output driver circuitry, 
and a film code wheel that rotates 
between the emitter and detector 
ASIC. The AEDC-55xx kits feature a 
latching connector design, and the 
AEDM-5810 kit includes a patented 
snap-on cover, all enabling quick assembly. The AEDC-55xx 
modules enable a high resolution up to 2,500 or 5,000 counts 
per revolution (CPR), depending on the model, and the 
AEDM-5810 module offers resolutions up to 5,000 CPR.
Mouser electronics
www.mouser.com

tti stocks vishay’s hi-rel cots tantalum 
capacitors
Two new tantalum capacitor series from Vishay are now avail-
able in Europe at TTI. Designed to deliver maximum capaci-
tance and reliability in the smallest packages for demanding, 

space-constrained applications, 
Vishay’s T25 Series offers low ESR 
and surge current testing options to 
MIL-PRF-55365. The T97 Series is 
the Hi-Rel COTS equivalent to the 
commercial 597D series, patterned 
after MIL-PRF-55365 and gives 
military and industrial customers a 

broader choice of capacitance values, voltage ranges and case 
sizes than MIL-Spec offerings. Vishay’s Tantamount T25 Hi-rel 
COTS Series is a solid tantalum surface-mount capacitor with a 
capacitance range of 22µF to 330 µF, supplied in a hermetically 
sealed metal case.
tti
www.ttieurope.com

6lowPan gateway wireless router for iot,  
in distribution
From distributor RS, the Weptech (Landau, Germany) 6LoW-
PAN IoT Gateway provides an affordable open-source-based 
solution for connecting 6LowPAN-based IoT networks to the 

Internet. The Weptech 6LoWPAN 
(IPv6 over Low-Power Wireless Per-
sonal Area Network) IoT Gateway 
board functions as a border router 
in a 6LoWPAN-based network and 
connects a wireless IPv6-based 
network to the Internet. The board 

facilitates the routing procedures necessary to integrate an 
IPv6 mesh network comprising small wireless low-power 
devices into the global IP network.
rs components
www.rs-online.com

link microtek, exclusive uK disti  
for l-3 narda-miteQ
Link Microtek, the Basingstoke-based supplier of RF and mi-
crowave subsystems and components, has been appointed as 
the exclusive representative in the UK and Ireland for the entire 

range of products manufactured by 
US firm L-3 Narda-MITEQ, which was 
formed early in 2015 after L-3’s ac-
quisition of MITEQ Inc. The effect of 
the new agreement is to expand Link 
Microtek’s portfolio to encompass 
the rest of the MITEQ product range, 

including active RF and microwave connectorized components 
such as amplifiers, PIN diode attenuators, mixers and swit-
ches. In addition, the agreement puts Link Microtek in a much 
stronger position to address requirements for space-qualified 
components, since L-3 Narda-MITEQ is well established in 
many space-flight programmes with products such as mixers, 
oscillators, amplifiers and synthesizers.
Link Microtek
www.linkmicrotek.com

conrad business supplies grows portfolio 
beyond 700,000 products
Conrad Business Supplies has further expanded the num-
ber and variety of high-quality electrical and electronic 
components and kits that it offers to customers. In the past 
year alone, Conrad has seen its 
product portfolio grow to sur-
pass 700,000 line items, includ-
ing 260,000 active, passive and 
electromechanical components, 
over 5,000 dev kits, 25,000 test 
& measurement devices, 50,000 
types of electrical wire and cable, and over 150,000 tools 
and fixings. With this range extension, the omnichannel 
distributor now offers an even stronger product portfolio from 
international key brands such as MikroElektronika, Fairchild 
Semiconductor, TE Connectivity, Renesas Europe, Texas 
Instruments and Würth Elektronik.
conrad electronic
www.conrad.com

te’s ariso contactless connectivity platform  
at farnell
Farnell element14 is now stocking TE Connectivity’s ARISO 
Contactless Connectivity platform, a hybrid interconnection 
system that reliably delivers power, data and signal over short 
distances, even in harsh environ-
ment applications. This platform 
helps overcome traditional connector 
restrictions and design constraints 
because no mechanical contact 
is required, enabling connectivity 
where connections were not possible 
before. In factory environments, dust, dirt, water, corrosion and 
vibration can threaten connections that are crucial to maximiz-
ing uptime and productivity. TE’s ARISO Contactless Connectiv-
ity overcomes those design restrictions.
premier farnell
www.premierfarnell.com
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Keeping pace  
with real-time big data
By Julien Happich

cambridge-based startup Geo-
spock has just secured £3.5M in 
Series A funding to bring its first 

product to market, a cloud-based data-
base service with a simple-to-use API for 
developers to easily integrate real time 
geotag searches to their applications.

Nowadays, machines are generat-
ing data at a rate and scale beyond the 
volumes of human-generated data for 
which most data bases were originally 
architected, observes Steve Marsh, CEO 
and co-founder of GeoSpock. 

“We are generating much more data 
than we are generating searches, and 
current databases are starting to fail or 
lag behind in terms of real time acces-
sibility” he says. “80% of all data has 
a geotag attached to it, but often, the 
geolocation is rapidly changing and in 
order to be meaningful, it should be 
continuously updated and searchable in 
real time”.

“Big data is slow data unless it is 
managed correctly. A new generation of 
applications use time and place to deliver 
a customer service. By combining this 
dynamic data with historical information 
in real time, companies are in a position 
to predict demand, manage services geo-
graphically and optimise their resources”, 
explains Marsh, mentioning telematics or 
mapping services tied to social applica-
tions as obvious examples.

The startup has developed a very 
efficient multi-dimensional database that 
features simultaneous data read and 
write to increase throughput, and solves 
the ‘heat map’ problem of large amounts 
of transient, nearby data. It is specifically 
designed for the storage, search and 
retrieval of geospatial data in real-time 
no matter how big it gets or how often it 
changes.

“A single mobile tower can collect 
up to 100,000 geotags every second. If 
telecom companies could monitor every 
devices in real time, they could offer mar-
keting insights to, says, a supermarket, 
tell them about which demographics en-
tered the premises, where the customers 
came from and where they are heading to 
afterwards. Even as anonymised statisti-
cal data, this would be very valuable”, 
Marsh gave as an example.

“Imagine tens of thousands of drones, 
all having to communicate their position 
and their sensor data and each having to 
search for the positions of the others to 
calculate their geospatial relation to each 
other for path finding” he mentions as 
another possible application.

“A differentiator is that we can not only 
search for real time streaming data, but 
we can also correlate this to historical 
data to identify anomalous behaviours”.

For now, the company is focusing on 
2D geospatial information as a first step 
for its product development, but it says 
the multidimensional setup of its data-
base could scale up to search efficiently 
through very complex multidimensional 
spaces.

“Voice identification would require 
searches across 300 dimensions, 
potentially, facial identification could 
require searches across billions of 
records through data vectors of up to 
4000 dimensions”, continues Marsh who 
conceived the idea while reading for his 
PhD in Computer Science at Cambridge 
University. There he was developing a 
real-time, extreme-scale super computer 
for simulating human brain function.

The company is promoting Version 
2.1.0 of its GeoSpock API, enabling 
customers to  create, update and search 
a large, frequently changing set of objects 
with geospatial locations (GPS coordi-
nates), held on a database service. The 
‘locatables’ objects can be retrieved 
within a latitude–longitude bounding box, 
or as the nearest objects to a specified 
geospatial location. The trackable objects 
can be assigned types and partitioned 
into collections too for more focused 
searches.

On its website, GeoSpock claims its 
database architecture is fit to support bil-
lions of locations and receive thousands 
of concurrent updates every second. The 
simulation experiment it runs of a large 
scale social app, tracking 100 million user 
locations across the world, yields a fifteen 
fold speed increase compared to a tradi-
tional NoSQL database, literally shrinking 
search response times from minutes to 
seconds. 
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System solution for 3D printer
Benchmark product solutions for motor control,  
power supply and security

The printing of objects has moved from digital printing to 3D printing. Though, the excitement is notably big, the 3D printers 
also face a lot of limitations, mainly size and speed. Infineon offers a system solution with every product you require for a 
high acclaimed 3D printer. Our broad portfolio includes OptiMOS™, CoolMOS™ and StrongIRFET™ Power MOSFETs, µIPM™ 
intelligent Power Modules, NovalithIC™ Smart Half Bridge Motor Drivers, OPTIGA™ Trust E or OPTIGA™ Trust TPM and 
furthermore the following focus products:

Key focus products
 › 600 V CoolMOS™ P6 - high voltage Power MOSFET family for superior efficiency and ease of use

 › XMC4500 - Microcontroller for motor control, the ultimate choice for today’s industrial control solutions 

 › NovalithIC™ - Half-Bridge Motor Driver combining ease-of-use and high system integration

 › SupIRBuck™ - integrated PoL Converters delivering benchmark efficiency and dramatically reducing system size

To learn more about Infineon’s full system solution please visit:
www.infineon.com/3dprinter



Amplifi ers / Comparators
Move from General Purpose to BeST in Class solution

PRECISION
• Accurate physical signal measurement
• Simplify production trimming

TSZ121 • TSV711 • TSV731 • TSX711

LOW POWER
• Longer lifetime in battery operated systems 
• Reduce environmental footprint
• Help to comply with international power savings regulations

TSU101 • TSV711 • TSV521 • TSX631

TINY PACKAGES
• Minimize PCB area
• Reduce application thickness
• Reduce raw material usages

TSU102IQ2T • TSV632IQ2T • TSX562IQ2T

www.FutureElectronics.com
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ST has a wide range of operational amplifi ers, including both industry-standard and high 
performance op amps. Our strengths include:
• Largest micropower op amp portfolio on the market, with consumption as low as 2 µA
• Reliable high volume supplier of both standard and high performance op amps
• Space-saving packages, such as DFN, QFN, SOT-23 and SC-70

Our JFET, BiPolar, CMOS and BiCMOS technologies allow our products to support:
• A wide supply range, from 1 V to 36 V
• Flexible input confi gurations
• High ratios of performance-to-power consumption

Our automotive-grade products are AEC-Q100 qualifi ed 
and tested with certifi ed high-reliability fl ow, to meet the 
very specifi c, rigorous demands of the automotive market.

Below is a sampling of the various op amps in the 
different categories:

Low power
op amps

Op amps
in tiny packages

Precision
op amps

Part Number Package
Number of 
Channels

Supply Current 
per Channel typ 

(µA)

Supply Voltage 
(Vcc) (V)

Input Offset 
Voltage (V_IO) 

max (mV)

Gain Bandwidth 
Product (GBW) 

typ (MHz)

Rail to Rail 
Input/ Output

TSV711 SC70-5 1 10 1.5-5.5 0.2 0.12 Yes

TSV731 SC70-5 1 60 1.5-5.5 0.2 0.9 Yes

TSX711 SOT23-5L 1 570 2.7-16 1 2.5 Yes

TSZ121* SC70-5; SOT23-5L 1 31 1.8-5.5 0.005 0.4 Yes

*Automotive Grade available

PRECISION

LOW POWER

Part Number Package
Number of 
Channels

Supply Current 
per Channel typ 

(µA)

Supply Voltage 
(Vcc) (V)

Input Offset 
Voltage (V_IO) 

max (mV)

Gain Bandwidth 
Product (GBW) 

typ (MHz)

Rail to Rail 
Input/ Output

TSU101 SC70-5; SOT23-5L 1 0.58 1.5-5.5 3 0.008 Yes

TSV521 SC70-5 1 45 2.7-5.5 1 1.15 Yes

TSV711 SC70-5 1 10 1.5-5.5 0.2 0.12 Yes

TSX631* SOT23-5L 1 45 3.3-16 1 0.2 Yes

TINY PACKAGE

Part Number Package
Number of 
Channels

Supply Current 
per Channel typ 

(µA)

Supply Voltage 
(Vcc) (V)

Input Offset 
Voltage (V_IO) 

max (mV)

Gain Bandwidth 
Product (GBW) 

typ (MHz)

Rail to Rail 
Input/ Output

TSU102 DFN8 2x1x0.55 2 0.58 1.5-5.5 3 0.008 Yes

TSV632* DFN8 2x2 2 60 1.5-5.5 3 0.88 Yes

TSX562* DFN8 2x1x0.55 2 250 3-16 1 0.9 Yes
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Measuring the ripple and noise on DC power rails is part of your job. 
Our job is making sure you get the most accurate measurements. 

Get the lowest noise 
measurement
The Keysight N7020A is the 
only probe in the world designed 
specifically to measure power rails. 
Coupled with the S-Series’ 10-bit 
ADC and low-noise front end, you 
see the details without added noise 
from your measurement system.

Remove DC without 
losing AC details
The challenge is to see small AC 
signals riding on top of a relatively 
large DC voltage. The N7020A 
power rail probe offers ±24 V of 
DC offset to remove unwanted 
DC content while still retaining low 
frequency voltage drift.

Get application notes, videos, 
and more at

www.keysight.com/find/power-rail

See high-frequency 
transients 
The N7020A power rail probe 
has 2 GHz of bandwidth to help you 
to see transients you can’t see on a 
low-bandwidth passive probe.

Keysight Infiniium 
S-Series
The S-Series provides bandwidths 
500 MHz - 8 GHz, 20 GSa/s sample 
rate, 50 Mpts of memory (standard)
and the industry’s best signal integ-
rity. When you pair this oscilloscope 
with the N7020A probe, you get 
better resolution, less noise and 
lower loading than any other power 
rail measurement solution. 

S-Series acquisition board

Request a  product trial today:
www.keysight.com/find/power-rail
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