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Commentary: UnCommon marKet

Energy savings sneak up on home automation
By Julien Happich

A FEW WEEKS AGO, the EnOcean Alliance 
celebrated with fanfare its 200th member 
company, NanoSense, designer of air quality 
control sensors. NanoSense’s products use 
EnOcean and KNX technologies to regulate 
and optimize air quality inside buildings. The 
EnOcean alliance - www.enocean-alliance.
org - was created just over three years ago, and 
according to keynote speaker Emmanuel Fran-
çois, marketing director for Western Europe, 
over 750 interoperable products are supported 
collectively by the alliance members, deployed 
in over 200,000 buildings worldwide that use 
energy harvesting wireless technology to feed 
data back to building automation systems.

The sensors “harvest and store” tiny 
amounts of energy from motion, light or 
temperature differences, they then use it to 
wirelessly control lighting, heating and air 
conditioning systems. According to François’ 
figures, about 20 to 30% of recurring savings 
can be achieved in new building installations, 
and up to 80 percent savings can be achieved 
in retrofit scenarios where maintenance, 
cabling requirements and installation time are 
considerably reduced. The French legislation 
on thermal efficiency will only accelerate 
the deployment of stringent home automa-
tion solutions, remarked François, with the 
RT 2012 (Réglementation Thermique 2012) 
specifying that all new buildings in France 
must have an average energy footprint below 
50kWh/m2/year by the end of 2012, compared 
to 150kWh/m2/year today. The ultimate goal 
on the roadmap to 2020 is to make all new 
buildings energy self-sufficient, reducing their 
average energy consumption per square meter 
to 0. The residential market is only starting to 
adopt such energy-saving measures with about 
400 new houses being equipped every year. 
Nowadays, many sensors (temperature, CO2, 
light, presence detection) run on replaceable 
batteries, though François is confident that 
sooner or later, European legislation will ex-
clude battery-operated devices altogether from 
all new buildings, calling for more autono-
mous solutions.

Achieving these high efficiency goals 
means that more sensors and energy monitor-
ing devices should be deployed, together with 
active switches and easy-to-use monitoring 
tools. Educated and responsible end-users will 
have their part to play, or rather will be entan-

gled in an invisible maze of sensor very akin to 
an energy-conscious surveillance network.

In the so-called “smart buildings”, switches 
mounted inside window and door frames 
can send a short telegram to notify the air 
conditioning system that heating or cooling is 
no longer required whilst the windows remain 
open. Presence (often infrared) and movement 
detectors together with light sensors act as 
relays to switch the light on or to set a camera 

in action when someone enters a room, and 
turn it off when the room is empty again. Since 
every switch and every sensor bears a unique 
32-bit identifier, an entire building can easily 
be mapped. The actuation data can then be 
recorded and synchronized with energy con-
sumption data from smart-metered appliances, 
helping identify usage patterns and improve 
energy efficiency through education (i.e rec-
ommendations to staff or occupants).

Even after a first installation, switches 
can be re-arranged within a room without 
re-wiring, they will remain wirelessly paired 
with their respective appliances or lighting. 
This makes it easy to reconfigure office-space. 
Further tuning is enabled through dedicated 
software. At the conference, French company 
Lifedomus demonstrated Lifedomus 1.0, an 
intuitive design studio for home automation 
aimed at end-users (apartment or house own-
ers). The multi-protocols software is compat-
ible with Windows, Linux, Mac OS, iphone 
and Android. The tool lets users configure the 
lighting and various appliance interactions 
throughout their home, setting up morning 
or evening routines, defining custom lighting 

scenarios or whatever other creative home 
automation. Real time feedback through the 
graphical interface provides an instant grasp of 
their energy consumption for a given scenario, 
and in the future, utility providers may want 
to entice users to behave differently. Via this 
software, all the settings and actuators can be 
controlled remotely from virtually any inter-
net-connected device. This is similar to many 
other existing home automation solutions 
like iControl, Control4, or Google’s recently 
announced Android@Home Framework, a 
middleware layer sitting on top of the newest 
Android OS.

Rich citizens from emerging countries are 
very fond of such control capabilities, noted 
Laurent Tavel, director of IP infrastructures at 
the C2S Bouygues group. In Asia, the super-
riches allow as much privacy intrusion as tech-
nology can offer, for the sake of their safety. 
Tavel is supervising the IP convergence in the 
40-storeys, 185m high M&C Tower project in 
Saigon, Vietnam. The “building 2.0” connected 
tower will be fully automated and under heavy 
surveillance, with individual control only 
handed over to privately owned areas.

In Europe, exacerbated home automation 
could fail to be widely accepted if solely based 
on technical machine-to-machine solutions. 
The suspicious human beings that we are 
could feel uneasy when trapped into what 
could rapidly be perceived as a hostile environ-
ment. This is what Seven Line Control founder, 
Yves Waltzer, describes as the “KGB effect”, 
when over reactive building automation 
brings sudden changes of lighting or when 
invisible triggers annoyingly open the wrong 
doors. “I like to qualify such buildings as “con-
nected”, or “communicating”, but certainly not 
smart. The intelligence should come from the 
people who configure them and it is important 
to inform professional users of home automa-
tion technologies how to best configure such 
systems so as to offer increased comfort from 
an end-user’s perspective” Waltzer says. The 
Rhenergy working group has been set up in 
France to study end-users’ behaviour and inter-
action with such automated environments, in 
order to establish the best energy-saving rou-
tines while educating the end-users to sensible 
usage patterns. When the two converge into 
the right comfort zone, privacy will be the first 
to take another hit.  n

“Intelligence should 
come from the system 
installers to avoid the 

KGB effect”
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Car electronics build bridges  
to the IT world
By Christoph Hammerschmidt

In the world of automotive electron-
ics, new usage models call for closer ties 
between car and IT. The integration of cars 
into IT applications, in turn, affects the 
technologies deployed in the vehicles. EE 
Times Europe discussed the perspectives of 
car connectivity with Kurt Sievers, Senior 
Vice President and General Manager of NXP 
Semiconductors’ automotive business unit.

EE Times Europe: Mr. Sievers, what do you 
regard currently as the most interesting 
trends in automotive electronics?

Sievers: One of the most interesting transfor-
mations we observe currently is the trans-
formation of the immobilizer. Hitherto, this 
was a security-driven function, but in the 
meantime it assumes a very significant role 
in comfort electronics - think about “passive 
keyless go” functions, these start/stop but-
tons. In the future, we believe that NFC will 
be combined with immobilizer functions. 
We are about to integrate NFC into the keys. 
This will enable the keys to talk to mobile 
phones. This way, you can transfer data from 
the key to the phone and implement applica-
tions like a car finder.

EE Times Europe: What does this mean?

Sievers: You park your vehicle somewhere, 

pull off the key. In this instance, the key 
reads out your navigation system’s GPS 
data. Then you go shopping - or you take the 
plane and fly away. When you come back, 
you have to remember the exact location 
where you parked your car. This is a very 
common problem. With a car finder, you 
simply hold your key near your mobile 
handset; the key then transfers the car’s posi-
tion data, and your smartphone shows you 
the way to your car. This feature will go into 
production in 2012. However, the car finder 
is just an application example. The car key 
increasingly becomes a carrier for additional 
functionalities.

EE Times Europe: Such as personalizing 
driver-specific functions like seat position?

Sievers: Yes, but also OEM processes. Car 
diagnostic functions could be integrated. For 
example, the key could download all of your 
car’s diagnostic data as you remove it. This 
is possible because the immobilizer is con-
nected to the CAN bus. Thus, the key could 
store all relevant data to pass along to a tech-
nician at a service workshop. The mechanic 
would just need to hold the key against his 
reader and establishes an NFC connection to 
read out the data.

EE Times Europe: But the cars do communi-
cate their status already online - by 
means of mobile radio. Internet-
based services such as “Connected 
Drive” enable repair workshops to 
proactively recommend a service 
appointment.

Sievers:: This depends on the 
respective use case. Automotive 
OEMs tell us that they prefer 
to keep control of these things. 
Certainly, there are car buyers 
who want this degree of internet 
orientation. It boils down to the 
question “Do we still need our own 

car, after all?” Instead of a car key, you could 
use a mobile phone just as well. From the 
perspective of physics, it would be the same 
thing. But we see a strong interest from the 
OEMs to adhere to the key since it is a brand-
ing symbol.

EE Times Europe: The short product 
life cycle of mobile phones is not overly 
compatible with car design cycles. Thus, a 
smartphone as the carrier for automotive 
applications perhaps creates challenges to 
car designers. 

Sievers: Indeed. The OEMs are struggling to 
master this challenge. But there are more 
usage models for mobile phones in connec-
tion with cars: look at these new car sharing 
models. You book the car over the internet 
with your smartphone and download your 
ticket. Then the smartphone leads you to the 
place where the vehicle is parked. You hold 
your smartphone against the NFC reader 
installed behind the windscreen. In the 
meantime, the car has been notified that you 
are currently authorized to use this car. You 
identify yourself by means of the NFC data 
exchange, and the car opens the door and 
allows you to use it. 
Several car rental companies have similar 
schemes in place with the new European 
electronic driver’s license assuming the 
same function. This is basically the same 
technology. 
The point is that the attitude of the younger 
generation towards owning a car and mobil-
ity in general is changing. People are ready to 
share cars. The challenge is that you always 
have to know where the car is and who pays 
for what. This challenge can only be solved 
by means of such technologies.

EE Times Europe: Besides the changing 
mobility behaviour, do you see further shifts 
in automotive electronics?
Sievers: Several application fields which had 
been separated until now are about to merge, 

Fig. 1: No car should be an island. Kurt Sievers sees cars 
becoming part of an embracing IT infrastructure.
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for instance car connectivity. There are 
applications designed with CO2 reduction 
in mind but now it turns out they generate 
synergies with respect to connectivity infra-
structure. For instance, weight reduction. If 
you deploy smart networks in cars you could 
reduce the weight of the cable loom, after 
all, this is the second heaviest part in the car 
after the motor. One can also reduce CO2 
emissions by guiding drivers through dense 
traffic and avoiding traffic congestions.

EE Times Europe: You mentioned intel-
ligent networking. It has been remarkably 
silent about the FlexRay data bus in the past 
months.

Sievers: FlexRay is about to take off now. We 

see the first commitments from American 
OEMs now. And after JASPAR has finalized 
their standard version, Japan is now commit-
ted. Similar to AUTOSAR, the Japanese in-
dustry has its own, slightly different version. 
All in all, the FlexRay pickup curve is steeper 
than it was the case during the introduction 
of the CAN bus. 

EE Times Europe: The discussion about 
Ethernet as in-car networking technology 
has been resumed recently, albeit not for the 
same applications as FlexRay.

Sievers: FlexRay will replace the CAN bus, 
at least in high-end applications. Ethernet 
clearly is positioned for applications with 
even higher bandwidth requirements. It is 

known that 
BMW uses 
Ethernet for its 
in-car diagnosis 
infrastructure, 
but there 
is a higher 
potential: 
camera-based 
driver assist ap-
plications, for 
instance.
Ethernet could 
even serve as a 
backbone, con-
necting several 
domains. We 
have info-

tainment, body, power train, all of them 
using their own protocols and bus systems. 
Currently, it looks like Ethernet will be the 
technology of choice to interconnect these 
domains.

EE Times Europe: But wouldn’t this require 
automotive-specific Ethernet versions?

Sievers: The goal is to eliminate the distinc-
tion between automotive and commercial 
Ethernet. Clearly, the products have to meet 
automotive quality standards, but the proto-
col should be identical to industry standard 
Ethernet. The idea behind is to create an 
open industry solution in order to generate 
scale effects and innovation effects across 
the industry. 
Indeed, for many years in the automotive 
sector, engineers tried to create their own 
optimized solutions, but now the idea pre-
vails to align the technologies. This way, the 
automotive industry could better participate 
in innovation cycles. 

EE Times Europe: There are automotive-spe-
cific issues such as security. A car needs to be 
inherently more secure than the standard IP 
stack can offer. 

Sievers: The security problem won’t be 
solved at the protocol level but through a 
cryptography controller, or by deploying 
gateways and firewalls. I am not aware of 
any efforts to harden the IP protocol with 
respect to automotive use. I don’t think it 
would make sense. Ethernet will be part of 
automotive solutions, and it will comply 
with industry standards as far as possible. 
Preferred applications are camera-based as-
sistant systems and diagnostics. My personal 
opinion is that it will also be deployed in 
infotainment systems, but this view might 
be subject to discussions.

EE Times Europe: Currently the car industry 
is about to roll out the latest MOST version, 
MOST150.

Sievers: I know, but there are enough advo-
cates of a more open solution. Not all of the 
OEMs are happy with the current status. The 
car will increasingly be integrated into an IT 
context. 
Against this background it can only make 
sense to bring standards established in the IT 
over to vehicles to that they can be connect-
ed to the IT world. This is undeniable.  n

The “Car Finder” leads forgetful users to the place where they parked their vehicle: One example of 
applications based on Near Field Communications (NFC)

The car of the future communicates with other cars. Trials (here in Eindhoven, The 
Netherlands) demonstrate the volume maturity of the technology.
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PCI Express poised for 2x upgrade
By Rick Merritt 

The PCI SPeCIal InTereST GrouP has 
determined it can squeeze out of copper 
links at least one more high speed version of 
PCI Express before a likely transition to opti-
cal interconnects. PCIe Gen 4 is expected to 
deliver at least 16 GTransfers/second when it 
debuts in products in about four years. 
“The initial report we got yesterday is a PCI 
Express 4.0 is feasible - we have to work out 
the details, but it is feasible,” said Al Yanes, 
president of the PCI SIG, speaking in a press 
briefing at the group’s annual 
developers conference.

A exploratory group including 
members from AMD, Hewlett-
Packard, IBM and Intel are con-
ducting simulations using chip, 
channel, packet and socket data. 
They have determined through-
put of at least 16 GT/s is possible 
and are expected to deliver a final 
report before the end of the year.

“We think we can eke out one 
more turn of the crank out of cop-
per, so we are not looking at optics 
yet,” said Ramin Neshanti, chairman of the 
PCI SIG’s serial communications working 
chair.

It took the PCI SIG about four years to ham-
mer out its 8 GT/s PCIe Gen 3 spec which 
required new signal encoding and equaliza-
tion schemes. The Gen 4 spec should take a 
similar period, but this time the focus will 
be less on silicon and more on the board-
level channels through which signals pass, 
Neshanti said.

Specifically, Gen 4 will probably be limited 
to distances of about eight to 12 inches com-
pared to 20 inches for Gen 3. Engineers want-
ing longer reaches will need to use repeaters, 
a potential growth area for PCIe silicon.

The Gen 4 boards may need to use new mate-
rials, via designs and backwards-compatible 
connectors designed for improved signal in-
tegrity to reduce impedance discontinuities. 

“We think we have achieved about as much 
as we can scaling silicon,” said Neshanti who 
also serves as an I/O standards manager at 
Intel.

That’s a big shift for the PCIe community 
which has not previously required major 
changes of board makers. Typically the PCI 
SIG has thrown its hardest problems to 
chip makers such as AMD, Intel, NEC and 
others to ease problems for its less techni-

cally sophisticated supply chain among high 
volume PC board and system makers.

Nevertheless, some significant silicon shifts 
are ahead. Transceivers for Gen 3 were the 
first to use techniques to massage signals, 
adopting single-tap decision feedback equal-
ization (DFE). Gen 4 transceivers will need to 
use multi-tap DFE. How many taps they will 
need is not yet clear.

“There also will be heavy investments 
needed from test equipment vendors to do 
some very creative probing solutions either 
on chip or somehow as an add-in,” said 
Neshanti. Agilent, LeCroy and Tektronix are 
among the testers involved in the work, “but 
we don’t know which will step up first,” he 
said.

Work has so far focused on electric and ana-
logue aspects of the physical-layer design for 
PCIe Gen 4. Over time, exploration will start 

on logical-layer and protocol improvements 
in areas such as latency reduction, forward 
error correction, deeper pipelining and error 
reporting and control.

At the end of the day, costs are expected to 
increase with the new generation, espe-
cially for applications that need to maintain 
today’s longer distances. But the group aims 
to keep additional costs to a minimum.

“PCI Express lives and breathes 
because of its ubiquity and that 
comes based on its low cost,” said 
Neshanti. The need for speed 
is clear. Graphics and network 
switches are among the most 
bandwidth-hungry applications 
driving Gen 4. Designers of dual-
port 40 Gbit/s Ethernet and single-
port 100G Ethernet boards want 
Gen 4 to avoid the costs of sup-
porting the pins they otherwise 
need for 16 lanes of PCIe Gen 3.

“Adapter vendors like to be around 
eight-lane implementations for 

cost reasons,” said Yanes. Meanwhile, engi-
neers are making process getting 8 GT/s PCIe 
3.0 products out the door. At least 14 compa-
nies with building block cores, software or 
testers have announced Gen 3 support.

To date about 23 adapter cards and 19 sys-
tems from top PC makers have participated 
in the PCI SIG’s Gen 3 plugfests. “Their 
products are in prototype phase and haven’t 
achieved full debug interoperability, so 
they are not ready to announce them,” said 
Yanes. The PCI SIG hopes to publish by early 
next year a list of products that have passed 
interop tests. The group plans at least three 
more plugfests in Silicon Valley and Taiwan 
this year.

“PCI Express Gen 3 is more sophisticated 
in its electrical design than past PCI SIG 
standards, so we are giving members more 
feedback on how they are doing” with their 
first products, said Neshanti.  n
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Multicore is mandatory, claims  
Freescale CEO
By Philip Ling

Opening the freescale technOlOgy 
Forum 2011, in San Antonio, Texas, CEO and 
Chairman, Rich Beyer stated in his keynote 
address that the PC model isn’t going to 
work as we enter the era of ‘connected intel-
ligence’, adding that multicore is going to 
be mandatory. It fits with the industry-wide 
acceptance that greater performance can no 
longer come at the cost of more power.

Beyer’s comments supported the official an-
nouncement of Freescale’s latest QorIQ family, 
the PowerPC based Advanced Multiprocessing 
series (AMP), adding that in the future, mul-
ticore solutions will not only be mandatory 
but will also have to scale with the application 
in order to maintain the power/performance 
balance. This resonates with the company’s 
decision to develop the ARM Cortex-based 
i.MX series which spans single, dual and now 
quad Cortex-A9 based processors. 

In five years Beyer expects tablets to out-
ship PCs and believes they will be optimised 
for content consumption. However, he also 
defended the company’s decision to leave the 
baseband market and stated that through 
strategic partnerships Freescale can be a major 
supplier to the tablet and mobile device mar-
ket. Beyer believes the industry is now looking 
for a new breed of mobile processors, which 
will need to be OS-compatible, scalable and 
lower power than those available today. This 
was punctuated by the first public demonstra-
tion of working silicon for the iMX 6 Series 
application processor; a quad-core ARM device. 
Freescale continues to support both the ARM 
and PowerPC architectures and, according 
to Senior VP and General Manager of the 
Networking and Multimedia Group, Lisa Su, 
hasn’t ruled out taking a MIPS license in the 
future. This reflects the company’s strategy to 
create devices that are less general purpose and 
more application specific, by assessing the best 
solution for developing embedded processors 
that address specific market requirements.

However, Su stated that the company is un-
likely to use the Cortex-A15 core in its commu-
nication processors, while it was confirmed that 
the multimedia group will be bringing an -A15 
based product to market in the near future. 

Is the Cortex-M4 in need of a ‘killer app’?
It’s been about a year since Freescale led 

the industry with the first implementation of 
the first Cortex-M4 in its Kinetis family, but 
its competitors have been slow to respond. 
Moreover, the deployment of M3 based devices 
has increased and often they are integrated 
alongside peripherals or even other cores 
that target specific application areas where, it 
could be suggested, the M4 might offer a better 
solution. 

Dr Reza Kazerounian, Senior Vice President 
and General Manager, Microcontroller Solu-
tions Group, described the strategy behind the 
Kinetis family and why there is still demand 
for other solutions where, perhaps, the M4 
could be applied.

“We wanted Kinetis to be very clearly iden-
tifiable, the reason it’s Cortex-M4 is because for 
industrial and multimarket applications it is 
the most suitable core available through ARM; 
it addresses many of the applications areas we 
are interested in participating in.”

A key part of the Kinetis strategy is about 
mixed signal integration: “It has a very power-
ful core engine as well as its DSP capability. 
When you participate in that type of market it 
is all about integration; analogue, digital and 
I/O, and it’s about scalability.” This is reflected 
in the 200+ products now in the Kinetis family 
and despite the lack of direct competition for 
Kinetis, Dr Kazerounian believes others will 
appear. He stated: “I am sure that the current 

suppliers of M3 will follow suite and will 
quickly try to do an M4, without a doubt.”

However, other ARM licensees seem to 
be hesitant in developing yet another Cortex 
family, when there seems to be so much more 
mileage available with M3 based solutions. 
Recently Texas Instruments launched the Con-
certo family of digital signal controllers, which 
integrates its own C2000 DSP core alonside an 
M3, instead of choosing to base the device on 
an M4 core, and Toshiba already has a similar 
solution in the market. TI claims that a dual 
core approach preserves the real-time perfor-
mance and, to a point, the safety credentials of 
a device targeting motor control applications.

Freescale this week has also announced a 
digital signal controller and, like Toshiba’s and 
TI’s, it isn’t based on the M4. In fact, it doesn’t 
integrate an MCU of any sort, rather it is based 
on a proprietary 32-bit DSP core. 

“We have been in the DSC business for 
many years, but we are taking it to a whole 
different level,” said Dr Kazerounian. What 
unifies the latest breed of digital signal control-
lers is the integration of precision analogue 
components for motor control, in the form of 
fast and accurate ADCs and PWMs. But Dr Ka-
zerounian doesn’t accept that this application 
area also needs an MCU core sitting alongside 
the DSP. He said that Kinetis is being adopted 
by many customers, and that there are parts 
that apply to motor control, metering and 
general purpose applications. He concluded: 
“Kinetis is not only about the fact that we have 
the Cortex-M4 in there, Kinetis is about the 
integration that we have put together and the 
scalability of the portfolio. It is way beyond a 
question of ‘do I need an M4 or M3.”  n

In five years Beyer expects tablets to outship PCs

“DSC for us is a very optimised product for a very 
specific set of applications”.

EXHIBITION
REPORT
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European solar incentive cuts initiate 
global photovoltaic market shift
By Julien Happich

Continued government poliCy adjust-
ments are causing major shifts in the sizes, 
growth rates and customer segment mix of 
photovoltaic (PV) markets in 2011, accord-
ing to the conclusions of three new Regional 
Downstream PV Market reports issued by 
Solarbuzz. Specifically, European markets, 
led by Germany and Italy, have absorbed 
Feed-In Tariff (FIT) rate cuts of up to one-
third between January 1, 2010 and July 1, 
2011. 

These reductions have caused Q1’11 
demand in Germany, the world’s largest PV 
market, to collapse to less than half of its 
Q1’10 size. In addition, overall European 
full year demand is expected to flatten in 
2011 after increasing more than 170% from 
2009 to 2010. These policy adjustments have 
particularly hit large ground-mount systems 
on agricultural land. Even though invest-
ment returns across the range of residential 
and commercial roof-mounted installations 
remained attractive in 1H’11, end-customers 
did not start to respond to fast-falling prices 
until June.

Europe is now projected 
to represent 65% of world PV 
demand in 2011, down from 
82% in 2010, while the US will 
grow from 5% to 9%. The top 
five Asia Pacific markets led by 
Japan and China accounted for 
11% of global demand in 2010, 
a share that will grow to 16% 
in 2011. The market share of 
these Asia Pacific countries is 
projected to increase steadily 
to reach at least 26% by 2015, 
while the US share rises to 14% 
by that year. In contrast to the 
European challenges, PV project 
pipelines in the US, China and 
India collectively now stand at a 
huge 25 gigawatt (GW).

 “Project development activi-
ty is intense in these countries,” 
said Craig Stevens, President of 
Solarbuzz. “Successful delivery 

of these pipelines will first require a host of 
incentive mechanisms. Regulatory, financ-
ing, project structure and permitting issues 
must be overcome.”

European distribution margins held up 
better than expected during 2010 and early 
2011, as project margins collapsed, caus-
ing a refocusing of business models and 
channels to market. Europe benefited from 
sharply lower prices during 1H’11 which, in 
particular, helped maintain Italian demand 
impetus. The avoidance of mid-year FIT 
reductions in Germany will now aid demand 
recovery in 2H’11. Chinese module sup-
plier prices in Europe were as much as 25% 
below their European and Japanese competi-
tors back in Q1’10. This discount steadily 
reduced to a low of only 10% in February 
2011. However, it spiked again toward the 
end of Q2’11.

2010 China PV demand to double
In China, domestic demand more than 
doubled in 2010, with Ningxia and Jiangsu 
once again the two largest provincial mar-

kets, while the utility segment accounted for 
49% of the national market. In 2010, China 
was the second largest market in the Asia 
Pacific region, second only to a rejuvenated 
Japan whose 111% Y/Y growth was driven 
by residential demand, accounting for 82% 
of the market. Strong solar policy support al-
ready in place before the Fukushima nuclear 
disaster indicates that the Japanese market 
is projected to grow to between 1.3-1.5 GW 
in 2011.

In the US, soaring utility demand is 
redefining end-market, product mix and 
channels to market. Chinese module manu-
facturer market share increased to 37% in 
2010, led by Suntech Power, Trina Solar and 
Yingli Solar, with their share building again 
during Q1’11. In 2010, distribution channel 
shipment share saw a small drop to 23%, 
while project developer and direct utility 
procurement emerged as formidable new 
channels. In 2011, the US market is projected 
to reach around 2 GW, growing to as high as 
6.4 GW by 2015.  n

Global Photovoltaic Demand Share in 2010 and 2015 Forecast. Source: Solarbuzz Regional Downstream PV Market.

SOLAR
MARKET
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Delphi opens 
wiring harness 
assembly plant in 
Romania
By Christoph Hammerschmidt 
Delphi Automotive is opening a new manufacturing facility at 
Moldova Noua, in the southwest region of Romania. The site will 
produce wiring harness modules for vehicle manufacturers across 
Europe. Employment at the new plant could potentially approach 
1,000 by the end of the year.  

According to Cristian Gulicska, regional director, Delphi Electri-
cal/Electronic Distribution Systems, Romania East, electrical/elec-
tronic distribution systems are comprised of many different mod-
ules, each with a specification that is dependent on the content of 
the vehicle and the options chosen by the consumer. “These modules 
are increasingly complex, often with built-in control electronics,” 
explains Gulicska. “At Moldova Noua, we will focus on manufactur-
ing a range of these customized modules, removing complexity from 
our other manufacturing operations and allowing for better overall 
efficiency.”

As part of the first phase of development, the company opened 
1,400 square meters of the Moldova Noua facility. During this phase, 
the manufacturing team is validating processes and gaining valuable 
production experience. An additional 2,400 square meters of the 
facility will be opened in September 2011.

Delphi currently operates three plants in Romania, employ-
ing more than 10,000 people at facilities that manufacture wiring 
harnesses and components for high-precision diesel common rail 
systems. Many of the systems manufactured by Delphi use the 
company’s innovative lightweight cable, which has a gage size of just 
0.13m2 compared with an industry average of 0.35m2. The company 
claims that by substantially reducing the size and weight of wir-
ing harnesses, the cable helps vehicle manufacturers improve fuel 
economy, reduce emissions and improve packaging. The small gage 
cable also reduces exposure to fluctuating copper prices. Delphi has 
operated in Romania since 1997. The company’s plants in Sannicolau 
Mare, Moldova Noua and Ineu produce electrical/electronic distribu-
tion systems while its plant in Iasi produces diesel engine manage-
ment systems.  n
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Neul opens up on ‘white space’ radio 
network
By Peter Clarke 
Neul ltd has aNNouNced some more de-
tails of its first white-space radio network called 
Neulnet and the standard behind that Neul has 
dubbed Weightless. The company has said it 
intends to make its money partly by the control 
of data that passes over a potentially global 
“white space” network and through databases it 
will control, and partly by the sale of equipment 
and the licensing of production details relevant 
to the white-space M2M standard that it is now 
finalizing.

The company was formed in 2010 by some 
of the original founders of Cambridge Silicon 
Radio, which went on to become CSR plc on 
success providing single-chip CMOS implemen-
tations of the Bluetooth standard. Neul does not 
intend to be a chip company, but rather a tech-
nology enabler for other companies. Its network 
is intended for machine-to-machine commu-
nications and to operate in the license-free and 
payment-free “white-space spectrum” between 
400 and 800 MHz being made available by the 
retirement of analogue television broadcasting.

Although the company is starting in 
the United Kingdom the company said the 
principles are applicable globally as just about 
all broadcast television is in the UHF band and 
just about all governments are digitizing those 
broadcasts creating white-space opportunities. 
Signals in these frequencies can travel long 
distances and easily penetrate walls. This makes 
white space radio suitable for long-range appli-
cations that require wide-area connectivity.

Neul offers an FCC-certifiable white-space 
network in a box. The simplicity of the terminal 
nodes is intended to provide 10 years of battery 
life for low data applications such as smart 
meters. It should also reduce chipset costs to $5 
in prototype volumes and $1 in high volumes. 
Neul executives said they intend to sign up 
mainstream chip companies to make the chips. 

With predictions of 50 billion M2M connec-
tions by 2020 it is clear that Neul is not going to 
make all the chips needed, said CEO Collier. It 
needs the likes of Texas Instruments, Qual-
comm, CSR, STMicroelectronics and Broadcom 
to get involved. However, Collier would not 
confirm whether these or similar chip compa-
nies are working with Neul on the Weightless 
standard. 

The NeulNET system, which includes a 
basestation unit and portable battery pow-
ered terminal, makes it easy to create white 
space networks that deliver up to 16Mbps per 
available white space channel at a range of up 
to 10km. Neul’s next steps are to confirm the 
system specification meets all requirements 
and then look to deploy trial systems during 
2011, according to William Webb, CTO of Neul. 
Production systems will be available in 2012 
while regulatory work continues to open up 
white space as a harmonized global frequency 
band world-wide.

Should Google be in ‘white-space’ radio?
It is clear that James Collier and Glenn 

Collinson, two of the founders of startup Neul 
Ltd., intend to leverage much of their successful 
Bluetooth experience with Cambridge Silicon 
Radio in their next tilt at the market. It is inter-
esting to note that Neul does not intend to be a 
fabless chip company as Cambridge Silicon Ra-
dio was. Perhaps the lesson there is that Collier 
and Collinson feel that more money was made 
with less effort by the originators of standard 
than by CSR, which quickly became one of the 
leading fabless chip company implementors of 
the standard.

Neul does intend to be a provider of infra-
structure equipment and intellectual property. 
In that regard Collinson admits Neul wants to 
be more like an Ericsson or a Qualcomm. The 
additional wrinkle is that Neul intends to retain 
control of the application databases and traffic 
that flows over the M2M white-space radio 
network. The value is in the data and there is 
money to be made administering those data-
bases and controlling access to the network.

It is also informative to look back at who 
were the founders of the Bluetooth special inter-
est group in 1998. They were: Ericsson, IBM, 
Intel, Nokia and Toshiba. Ericsson was the pri-
mary inventor of the technology. Much debate 
at the time was around the absence of Microsoft 
from the party. And when one considers the 
linking up of headsets with mobile phones and 
mobile phones with laptop computers was the 
first initial goal of Bluetooth it is clear why that 
cast of characters had a special interest in the 
short-haul radio link. 

So who would be the equivalent players 

for a Weighless white-space radio special 
interest group? The equivalent first applica-
tion in white-space radio is smart metering 
for which there are government mandates in 
multiple territories. According to Luke D’Arcy, 
vice president of marketing at Neul, some 200 
million smart meters will be installed across 
Europe over the next ten years. Clearly white-
space radio M2M communications are not 
restricted to that but could be roll out quickly to 
electronic-point-of-sale, home automation and 
on to the Internet-of-things (IoT). It therefore 
seems clear that a natural partner for Neul in 
this area is Google Inc. Google is a master of the 
compilation and hosting of databases. It also 
has aspirations in terms of smart metering with 
its PowerMeter software. Google PowerMeter 
is a free piece of software that allows viewing 
of home energy consumption from a personal-
ized iGoogle homepage. Other partners must 
include chip companies and why not CSR itself?

Having ridden the Bluetooth wave as far as 
it can CSR increasingly looks like a fabless chip 
company that could do with a new vision and 
new markets to conquer to drive it forward. One 
could also expect a telecommunications service 
provider, a natural customer for equipment, and 
an energy company to rise to this bait, which 
could pull in Vodafone and Electricite de France 
(EDF). So on a purely speculative basis my guess 
at the five founders of the Weightless SIG are 
Neul, CSR, Electricite de France, Google and 
Vodafone. Of course that guarantees that there 
will be more than five founder members, or less, 
and these names may not be anywhere in sight. 
But if Weightless and Neul are to be a success 
we could expect players of a similar calibre to 
sign-up. The remaining question is whether 
a small privately-held startup can continue 
to hold the ring when surrounded by these 
or similar heavyweights. That could become 
apparent by the end of September 2011 when 
Neul is planning to host the first Weightless SIG 
conference.  n
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Fairchild to open a power technology 
development centre in Munich
By Julien Happich

WHILE HIRING ALREADY STARTED a couple 
of weeks ago, Dr. Thomas Neyer, senior vice 
president and fellow of high voltage power 
technologies at Fairchild Semiconductor 
Europe gave EETimes Europe a preview of 
the company’s Technology Development 
Centre due to open in Q4 of 2011 in the East 
of Munich.

EETimes Europe: What will be the focus of 
this research centre?
Dr. Thomas Neyer: Initially the team will 
focus on high voltage switches, rectifiers 
and process simulation. Key focuses are 
next Generation IGBT and Superjunction 
MOSFETs operating over 600V. Mid-term, we 
intend to develop power packaging and high 
power modules and extend our expertise 
in wide bandgap devices. Other fields of 
research are under discussion. We hope this 
will lay a good foundation for Fairchild to 
take the lead position in power management 
for industrial and automotive applications 
in a mid- to long-term timeframe.

EETimes Europe: What is the current opening 
roadmap and staffing strategy?
Neyer: In the first phase, we will allocate 
about 400m2 in the TDC for laboratories, 
some support and business functions. Then 
by the end of 2013, we expect to have ex-
panded our floor space to 1800m2, covering 
three floors and potentially relocating more 
functions into this new location. Eventu-
ally, we’ll also move our Furstenfeldbruck 
offices (20km from Munich) to this new 
location.  Our initial investment is very low 
since the building is newly refurbished and 
our specific requirements are reflected in 
our long term rental agreement with the 
landlord. Within the next 12 to 18 month, 
our workforce at this Technology Develop-
ment Centre should reach about 15 device 
and technology experts and we aim to grow 
our operation to about 50 employees.

EETimes Europe:What is Fairchild’s budget 
on this and how will it affect the company’s 
global R&D spending?

Neyer: Fairchild is growing rapidly in terms 
of its revenues from mid- to high-power ap-
plication and has made the decision to invest 
more R&D money into this field, which, 
overall will remain in the range of 7% for 
power semiconductors. 

In April, Fairchild has acquired SiC compo-
nents manufacturer Transic as well as the 
foundations for the Technology Develop-
ment Centre in Munich where significant 
investments will be made in characteriza-
tion and application labs.

EETimes Europe: Will it be a Fairchild 
“exclusive” R&D centre or will there be 
joint ventures with universities and other 
research centres?
Neyer: The TDC will be working closely 
with Fairchild established R&D teams in the 
US and Korea, and as such will be exclusive 
to Fairchild. At the same time, we will be 
open to collaboration with Universities or 
research centres when exciting opportuni-
ties arise. This could include new partners 

or even competitors in a shared laboratory 
scheme. In terms of IP ownership for future 
partnerships, Fairchild will always strive for 
clear ownership and fair treatment of R&D 
partners. Details are to be negotiated on a 
case by case basis.

EETimes Europe:What will be the equipment 
at this facility and will there be specific 
lines that are not available at other Fairchild 
design centres?
Neyer: The labs will comprise state of the 
art simulation environment, HV device and 
wafer testing equipment sets for parameter 
extraction and high speed/high power char-
acterization. No pilot lines or manufacturing 
equipment will be required, since wafer and 
package manufacturing will remain in our 
established sites within Asia.
The differentiating factor for this R&D 
centre will be its location, in the centre of 
Europe. We should be able to attract talents 
from all over Europe where the main Power 
Semiconductor expertise is located. Suppli-
ers and several end-user R&D centres are just 
located nearby too.

EETimes Europe:Do you plan to investigate 
3D die stacking using integrated vias of 
highly thermally and electrically conductive 
materials?
Neyer: Fairchild has a wide range of power 
packages available, including the SMartPow-
erModule line in high volume production. 
While we are assessing and partially using 
alternative interconnect
technologies like ribbon bonding and 
copper-clips, there are several system level 
requirements, which rule out 3D stacking 
technologies in high power applications. 
I believe that 3D vias (TSV or interposers) 
will stay in low power, RF and high speed 
applications, where they have a significant 
contribution towards the system’s minia-
turization. The physical requirements to 
prevent electromigration, creepage distance 
as well as a low cost are paramount for a new 
technology to be accepted in high power 
devices.  n

POWER
DESIGN
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Analog startup goes old school,  
gets funding
By Dylan McGrath

AN ANALOG IC STARTUP with a seasoned 
management team and a throwback busi-
ness model emerged from semi-stealth mode 
to disclose the receipt of $12 million in series 
A venture capital funding and announce 
several new analog comparator products. 

Touchstone Semiconductor Inc formed 
by analog veterans from Maxim Integrated 
Products, Linear Technology and Analog 
Devices in 2010, plans to cut its teeth by pro-
viding a second source for commonly used, 
high-performance analog parts. According to 
Touchstone CEO Brett Fox, this is the same 
business model that billion dollar analog 
firms Maxim and Linear used to get their 
starts three decades ago.

“It’s not an obvious strategy,” said Fox, 
who has 25 years experience in analog ICs, 
including 11 years at Maxim and four years 
at Micrel. Fox notes that in the early days 
of the semiconductor industry, a host of 
companies, including household names like 
Intel, Advanced Micro Devices and National 
Semiconductor, got their starts as second-
source suppliers. “In the last 20 years, the 
recipe just got lost.” 

While Toushstone is initially focusing 
on marketing parts as drop-in replacements 
for others supplied by the likes of Maxim 
and Linear, the company will eventually 
bring to market proprietary parts, which 
are already in development (one has already 
been announced), according to Fox. Starting 
by attacking existing, high-margin markets 
will enable Touchstone to build revenue and 
credibility with customers, Fox said. “When 
you look at the analog market today, at least 
90 percent of the products are sole sourced,” 
Fox said.

The $12 million in funding, which 
Touchstone actually received last year but 
did not announce until two weeks ago (the 
23rd of June 2011), came primarily from 
Silicon Valley venture capital firms Opus 
Capital and Khosla Ventures. Fox said he is 
almost certain that Touchstone was the only 
semiconductor company to receive series 
A funding from Silicon Valley VCs in 2010.  
Venture capital funding - once the lifeblood 

of semiconductor innovation - has nearly 
dried up for chip firms in recent years. 
The skyrocketing costs involved in design-
ing and bringing to market a leading-edge 
technology SoC have made VCs who once 
lined up to invest in chip firms with hot new 
technology cautious about investing.

Ironically, Touchstone scored funding 
not by enticing VCs with intriguing digital 
IC technology - which used to be the recipe 
for landing funding five to 10 years ago - but 
with a retro business model and analog tech-
nology implemented at 0.18 micron, hardly 
exciting process technology wise in a world 
where leading-edge digital IC vendors are 
preparing to offer 22-nm chips.   

Will Touchstone’s funding usher in a 
wave of VC investment in analog chip ven-
dors and others that are less capital intensive 
and have business models seen as safer? Gil 
Cogan, founding general partner of Opus 
Capital, isn’t sure. “I don’t know if there is 
a trend,” said Cogan, who was an original 
investor in Maxim in the early 1980s. “I 
think it is an older school business model 
and capital efficient and that’s exactly what 
our fund and some other funds like about it. 
You start a digital IC company now, you have 
to raise a lot of money.”

Fox credits Cogan and Pierre Lamond, a 
partner at Khlosa Ventures who was an origi-
nal investor in Linear, a founder of National 
Semiconductor and formerly chairman of 
Cypress Semiconductor, Microchip Technol-
ogy and Vitesse Semiconductor, with seeing 
that Touchstone was a compelling proposi-
tion. Many other VCs did not, he said. “Both 
investors knew that our model worked 
because of what they had done in the past,” 
Fox said. “There are only two people like that 
in the VC world.”

The ‘fully depreciated fab myth’
Touchstone owns no fabs and will rely 

solely on chip foundries for manufacturing 
(the company has a foundry agreement with 
TSMC). Most established analog chip compa-
nies use older fabs - including in some cases 
some of the oldest fabs in the semiconductor 

industry - to produce parts at very mature 
process technologies. This, they argue, is an 
advantage because analog parts are not made 
at the leading edge of process technology 
and can be built on six-inch wafers using 
older equipment that is completely depreci-
ated, giving them very low manufacturing 
costs compared to most digital IC makers. 

Fox acknowledged that the depreciated 
fabs are a boon to older analog IC companies. 
But while those companies by and large 
build parts on 150-mm wafers using process 
technology that is 0.6 micron and older, 
Touchstone uses TSMC to build 0.18-micron 
devices on 200-mm wafers, he said. This 
superior die density allows Touchstone to 
compete very well on a price-per-wafer basis. 

“Their manufacturing costs are very low, 
but ours are very low, also,” Fox said. The 
playing field has tilted, he said, allowing 
Touchstone to compete extremely effective-
ly. “I think if [Maxim Founder] Jack Gifford 
were around today, he would do it the way 
we are doing it. There’s no sense in buying 
fabs today,” Fox said. Gifford, who was also a 
co-founder of AMD, died in 2009.

Experienced design team
Fox is joined on Touchstone’s execu-

tive team by Vice President of Engineering 
Jeroen Fonderie, a former director of design 
engineering at Maxim, and Vice President of 
Marketing Adolfo Garcia, a 29-year analog IC 
veteran who held various positions at ADI, 
Linear and several other firms.  The compa-
ny’s board of directors is comprised of Fox, 
Cogan, Open-Silicon Inc. CEO Naveed Sher-
wani and Cathal Phelan, chief technology 
officer at Cypress, who officially joined the 
board Thursday. Touchstone has about 25 em-
ployees total, nearly all of which have worked 
with at least one fellow Touchstone employee 
in a previous post, Fox said. Members of the 
company’s design team average 20 years of 
experience and 10 patents to their credit, Fox 
said. “In the analog business, you want people 
to have experience,” Fox said. “You can’t just 
hire them straight out of school and have them 
be able to do what you want to do.”  n
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POweR eLeCTROniCsOptimizing fast switching  

frequency power supplies
By Maurizio granato and Roberto Massolini

From a power-stage’s point of view, going high frequency is 
very desirable for a number of reasons: it decreases the size of mag-
netic components, reducing the amount of capacitance required and 
leading to potentially higher bandwidth while using smaller EMC 
suppression filters. What’s more, very low Qg·Rds power FETs allow 
for very low conduction losses without increasing the gate driving 
losses, which are more significant at higher switching frequencies. 
Efficient powdered iron cores allow for reduced losses in the induc-
tors too.

From the designer’s perspective, the shift towards higher frequen-
cies requires greater effort, since the static performances of the 
converter are often not consistent. The efficiency calculation, for 
example, can no longer be approximated using only the conduction 

losses, but requires at 
least a rough estimate 
of switching losses 
(involving the highly 
non-linear capacitanc-
es of the FETs), gate 
driving losses (involv-
ing the parameters of 
the driving IC), and 

magnetic core losses. The small capacitance values required may lead 
to the use of highly reliable ceramic capacitors; the ripples calcula-
tion becomes more complex, since ESR is not dominant anymore 
and the voltage ripple cannot be approximated using only the Ohm’s 
law (like in electrolytic ones). Moreover, moving to higher frequen-
cies alone doesn’t solve and may even worsen the usual issues with 
component selection, from footprint constraints to voltage and cur-
rent rating, thermal issues and parasitics.

So far the only problem addressed has been the power stage 
design, dealing with static performances like efficiency, ripples, 
temperature, and size. If we look at the dynamic performances, the 
benefits of high frequency converters should go together with a care-
ful design of the control stage, in order to find the optimal trade-off 
point. The best way to achieve such an optimal control stage design 
is to have the dynamic model of the device in hand. 

There are several possible theoretical approaches that can be 
followed to achieve an accurate dynamic model of a Switch Mode 
Power Supply (SMPS); we could name just the most famous ones: 
PWM switch cell, State Space Averaging, Circuit Averaging. Each of 

these models has its pros and cons, but all of them represent a small 
signal approximation of the highly nonlinear transfer function of 
a switching converter; moreover, being a local linearization of the 
transfer function, the common tools for analyzing stability, like Bode 
or Nyquist plots, are not completely reliable to verify large signal 
variations, like load or line transients. For this reason, we will also 
need a time domain simulation tool.

Unfortunately, the implementation of an accurate model for 
frequency domain simulations is hard work, and requires a signifi-
cant amount of time to be spent. The latest CAD tools can be very 
helpful in this case, but they are often expensive and complicated to 
learn. Once we have learned how to set up a good symbolic computa-
tion system, like Matlab, MathCAD or SAGE, we can try to derive the 
transfer function of the switching converter of interest. Let’s take, for 
example, the basic non isolated converters (buck, boost, buck-boost), 
without taking into account any parasitic element, like the capaci-
tors’ ESR-ESL or the inductor DCR, in peak current mode control. 
Table 1 compares the control-to-output voltage transfer function of 
the main converters in peak current mode control.

These functions look simple, but they are actually useful only 
if the parasitic components are negligible, and only in the small 
ripple approximation, which means that the ripple of the controlled 
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current is very small. By simply removing this approximation, the 
transfer function of the well-beloved buck converter becomes sig-
nificantly more complex. In Table 2, we compare the voltage mode 
transfer function of a buck converter with and without the parasitic 
components (inductor and capacitor series resistance).

Moreover, the complexity of high order converters can increase 
the amount of work needed by orders of magnitude; this is one of the 
reasons why very elegant and high-potential converters like SEPIC or 
Cùk are not widely used.

We should also keep in mind that every control technique (volt-
age mode, peak current mode, emulated peak current mode, etc.) 
requires a different set of functions to be analyzed, plus any control-
ler IC has a different internal error amplifier (which can be either a 
voltage or transconductance amplifier) with different parameters. 
This means that the designer should adapt its spreadsheet any time a 
different controller is used. 

Obviously, when the topic is optimization, the problem is not 
only to let the system work reliably, but also to improve its perfor-
mances by making the right design choices in terms of deciding 
what the best control technique is. Let’s see a short overview of the 
most widespread methodologies. 

Voltage mode
The most common analogue control technique is Voltage Mode 

(VM), where there is a single regulation loop, consisting of: output 
voltage sensing, using an appropriate scaling factor; amplification 
of the error between output and reference voltage, providing the 
required gain and phase boost; and comparison of the output of the 
error amplifier with the PWM saw tooth to produce the gate driving 
signal with the appropriate duty cycle.

VM characteristics are: simplicity (single loop), low converter 
output impedance, complex conjugated poles, high susceptibility 
to input voltage, and no intrinsic overcurrent protection. National 
Semiconductor adopts VM in many regulators, like LM5115 and 
LM5025.

Peak current mode
Another common technique is Peak Current Programmed Control 
(PCPC), where an inner loop sensing a switcher current (generally 
the inductor or the switch current) is used to produce the reference 

voltage of the outer voltage loop (the same aforementioned).
It provides some intrinsic advantages, like simpler duty-to-output 

transfer function for the voltage loop, intrinsic overcurrent protec-
tion, and much reduced sensitivity with respect to input voltage 
variations. On the other hand, the modulator is very sensitive to 
sensed current disturbances, which have to be filtered, and need 
the design of a stabilizing ramp to avoid sub-harmonic oscillations. 
Moreover, PCPC effectively controls the peak inductor (or switch) 
current, which means that a higher current ripple implies higher 
discrepancy with respect to the average current, while lower current 
ripple implies higher susceptibility to disturbances. 

Other control techniques
A more complex variant of the current mode control is the Aver-

age Current Programmed Control (ACPC), which allows the average 
value of the current to be controlled effectively, but requires the 
stabilization of another inner loop, besides the outer voltage loop. 
Another simpler variant of the current mode control is the Emulated 
Peak Current (EPC) control, implemented by National Semiconduc-
tor in many controllers like LM3495 and LM5116, which grants the 
simplicity of the PCPC, while improving the operation at very low 
duty cycle, usually impossible to achieve with PCPC because of high 
noise on the sensed current.

Other control techniques not involving analogue control loops 
are: hysteretic control, constant on-time (COT), constant off-time. 
These are very simple, because they don’t require any stabilization 
loop and regulate the output voltage by comparing it with an hys-
teretic window. They suffer from non-fixed switching frequency and 
they usually don’t work properly with low ESR ceramic capacitors 
because they rely on output voltage ripple. For this reason, National 
Semiconductor introduced the Emulated Ripple Mode, which is an 
improvement over classical COT techniques but without any prob-
lems with ceramic capacitors, in the LM3100 Simple Switcher family.

Have you picked one?
In complex situations, the selection of a control technique a priori is 
not enough. When dealing with high frequencies, it may be difficult 
to state from the beginning which is the optimal technique, and it 
may be necessary to make multiple designs and then compare them 
to assess their performances over the entire parameters domain.

An accurate comparison requires at least a good set of stable loop 
functions in the four corners of the input/output parameters of the 
system (Vin, Iout); nonetheless, it doesn’t necessarily ensure that we 
also have good responses to line voltage and load current transients 
(this is due to the fact that the transfer function is only a linear ap-
proximation of the system in the operating point). 

To evaluate those performances before manufacturing a proto-
type, it is necessary to implement a time domain simulation of the 
system, usually by means of SPICE tools. This may seem an easier 
task with respect to the AC model, because there is no need for a 
complex analytical tool, and everything is left to the matrix solver 
of the SPICE core. The hard reality is that in order to obtain accurate 
results we also need an updated database of thorough component 
models, which are not easily available and often force the designer to 
create a separate database, which is very time consuming.

Control loop design
Given all these difficulties in producing an accurate static and 
dynamic model of a switching converter, many designers prefer to 

Fig. 3. weBenCH allows the initial selection of the power converter, showing 
at glance the trade-off between cost, size and efficiency.
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make the initial design draft using first order 
approximations and well known simple 
equations. Then the debug phase of the 
prototype consists of trial and error, relying 
on accumulated experience and inspection 
capabilities to achieve the desired perfor-
mances. 

Sometimes this turns out to be an incred-
ibly effective and fast method, but often it re-
quires a huge amount of hours spent on the 
bench and a significant amount of patience. 
Improving performances may seem easy, 
but the awful surprise comes when we find 
out that our fine-tuned very high bandwidth 
control network makes the system unstable 
at the maximum input voltage or minimum 
output current; of course, we will never be 
able to test the system in all the possible 
operating conditions at the same time.

Once we have repeated the design steps 
many times, we finally have a working 
prototype with acceptable performances. 
Yay! Is it the optimal design, though? Is there 
any other component set which allows us 
to obtain the same results at a lower cost, or 
occupying less space, or requiring less heat-
sinking?

The weBenCH approach
A radical new approach to obtain a con-
strained multi-objective optimized solution 
is to throw away all your beloved (or hated) 
CAD tools and try the dedicated power op-
timizer tool provided by National Semicon-
ductor: WEBENCH.

Every designer working on SMPS, either 
expert or novice, has at least heard about 
the WEBENCH Power Architect. Sometimes 
they judge it to be a good tool to handle 
simple designs, other times a good selec-
tion tool for finding only the right spot in 
the component set (e.g. only the controller 
IC) for complex designs; but once engineers 
overcome their instinctive mistrust for 
automatic design systems, they discover that 
WEBENCH is an overall system optimizer. 
It provides all the tools needed to go deep 
into the design and optimize, with a single 

Table 1: Comparison of control-to-output voltage transfer function of the 
main converters in peak current mode control.

Table 2: Comparison of duty-to-output voltage transfer function of buck 
converter with and without parasitics in voltage mode control.
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Moving to higher-voltage LeDs to  
improve light bulb efficiency
By Robert Kollman  

there is much iNterest in replacing 
incandescent screw-in light bulbs with bulbs 
that use LEDs as the light source. Typically, 
a small number of LEDs, between five and 
nine, are connected in series and a power 
supply has to convert the line voltage to a 
low voltage, typically tens of volts, at cur-
rents around 350 to 700 mA. 

There are a number of trade-offs in 
determining how to best isolate the con-
sumer from the line voltage. Isolation can be 
accomplished either in the power supply or 
in the mounting of the LEDs. In these lower-
power designs, physical isolation of the 
LEDs is a common choice as it allows the use 
of a cheaper, non-isolated power supply.

Figure 1 shows a typical LED light 

replacement. The power supply in this ex-
ample is non-isolated, meaning the isolation 

that protects the consumer from high-volt-
age is built into the package rather than the 

robert Kollman is a senior applications manag-
er and distinguished member of technical staff 
at texas instruments - www.ti.com

Fig. 1: A light bulb replacement has little room for a power supply. 

visual interface, all the operating conditions 
and the performances of the application: 
efficiency, bandwidth, size and cost. WE-
BENCH contains dynamic models for many 
converter topologies and control techniques, 
allowing for high bandwidth control loop 
design with optimized phase/gain margin 
(high stability). Moreover, it also provides 
thermal simulations, which are usually 
outside the scope of an electronic engineer, 
and custom layouts with full BOM list. In 
the end, it is also possible to directly buy the 
fully populated PCB prototype, and have it 
delivered within a few days.

As we have shown, it is very important to 
collect the results of both time domain and 
frequency domain simulations, and then 
compare them with the bench results. The 
time domain simulations very effectively 
predict the response to line and load tran-
sients, and verify that the desired overshoot/
undershoot requirements are achieved. 
The frequency domain simulations, on the 
other hand, optimize the loop function as 
far as possible and improve the gain and 

phase margins, 
which ensure the 
best small signal 
dynamic perfor-
mances for the 
system.

It is possible 
to find CAD tools 
for all the aspects 
of the design: 
SPICE simulator, 
MATLAB equiva-
lent control loop 
designer, thermal 
simulator etc. In 
this case, the big is-
sue is to collect the 
right models for all the possible components 
involved in the design and the needs to use a 
set of different tools at a time in order to cov-
er all the different facades of the power con-
verter. No matter which design methodology 
you choose, either trial and error or the CAD 
way, there is a tremendous amount of work 
ahead. None of the aforementioned small 

details can be neglected if you are to achieve 
a representation which can be productively 
used to design the power and control stage 
of the system. As we have seen, the complex-
ity to do that is even higher in cases where 
advanced performance is needed, where the 
smallest inaccuracy can lead to long debug-
ging sessions in the lab. n

Fig. 4: Bode plot and control network optimization using weBenCH 
http://webench.national.com
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power supply. It is quite evident that there is very little room for the 
power supply, which makes it a challenge to package. Furthermore, 
the power supply is buried within the package, which hinders cool-
ing and makes good efficiency key.

Figure 2 illustrates a non-isolated circuit that powers LEDs from 
a 120-volt AC source. It contains a rectifier bridge that feeds a buck 
power stage. The buck is the “upside-down version” where the power 
switch, Q2, is in the return and the catch diode, D3, is connected 
to the source. Current is regulated during the on time of the power 
switch through a source resistor. 

While fairly efficient (80 to 90 percent), this circuit has several 
efficiency-limiting drawbacks. The power switch has to carry the full 
output current when “on”, and when the power switch is off, the out-
put current flows through the catch diode. Also, the voltage across 
the current sense resistors, R8 and R10, is around one volt. All three 
of these voltage drops are significant when compared to an LED volt-
age of 15 to 30 volts, and will limit the power supply efficiency.

More importantly, these losses contribute to the temperature rise 
of the light bulb assembly. An LED’s ability to produce light dimin-
ishes in time and is a strong function of its operating temperature. 
For instance, an LED light output will diminish by 30 percent over 
50,000 hours at 70ºC, while at 80ºC, you can only count on 30,000 
hours. The thermal problem is further compounded since the bulbs 
get installed in “cans” that tend to trap the heat and are not condu-
cive to convection cooling. LED manufacturers have started making 
higher-voltage emitters by connecting several LEDs in series on a 
common substrate. These higher-voltage offerings allow for either 
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Fig. 2: A buck regulator makes a simple offline LeD driver. 

Fig. 3: improve LeD driver efficiency with a boost.
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reduced costs or improved power supply efficiency. With these 
higher voltage products, a cheaper approach for the power supply 
simply can be a set of rectifiers and a ballast resistor. While this ap-
proach can produce a reasonably good power factor, the efficiency 
is poor, as a significant portion of the input voltage is applied to the 
ballast resistor, resulting in losses on the order of 30 to 50 percent of 
the LED power. This may be an option in lower-power applications 
where size is at a premium.

However, at higher powers, the reduced efficiency renders this 
unviable. Figure 3 presents another alternative using a boost power 
supply. Much of the circuitry is similar in the two approaches. How-
ever, the switch, diode, and current sense losses are much smaller, 
resulting in efficiencies in the 90 to 95 percent range. Additionally, 
this circuit has good power factor with measurements showing 97 
percent. 

Figure 4 is a photo of the two power supplies depicted in the 
schematics of figure 2 and figure 3. Even though this power supply 
produces about the same output power, there are several notable dif-
ferences which impact the size of the power supply. The size of the 
inductor on the boost is notably smaller, because its energy storage 
requirements are less. The buck design also has a larger resistor than 
the boost does. This resistor is a dummy load resistor (R20 in figure 
2) that is used to determine when a dimmer fires a silicon-controlled 
rectifier SCR. 

This is needed because the dimmers have an electromagnetic 
interference (EMI) suppression capacitor across the triac presents a 
relatively high voltage to the power supply without some loading. 
This confuses the power supply and results in erratic dimming. 

This is not needed on the boost converter, as the LEDs are connect-
ed to the input through the boost inductor and provide sufficient 
loading for this not to be a problem. The back side of the board is not 
shown but, as shown in the schematics, the buck version has more 
low-level circuitry. So the boost provides the smaller power, which is 
extremely important in space-constrained applications such as the 
LED light bulb replacement.  n

Fig. 4: Boost supply is smaller and more efficient than buck supply.
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Leveraging decoupling capacitance of 
regular power grids
By Chetan Verma, Piyush Mishra and Pankaj Jha   

With each passing year and each lower 
technology node, design speeds are increas-
ing tremendously. High frequency designs 
take a toll on the power integrity of ICs 
and induce more noise and ringing into 
the power supply network because of the 
increased signal switching speeds. This leads 
to the need for increased decoupling capaci-
tance to address the power supply noise. 
The decoupling capacitance required in this 
case would be most beneficial, if present on 
the die itself. However, more on-die decap 
implementation would be an overhead and 
would increase silicon cost. Hence, there is a 
strong need to increase the effectiveness of 
the ‘used-up’ resources on the die to reduce 
the cost overhead, without impacting any of 
the existing design parameters. This paper 
discusses a method for increasing the effec-
tiveness of the power grid mesh and provide 
additional on die de-coupling capacitance at 
no extra cost.

Problem definition
A methodology to increase the inher-

ent capacitance of the power grid without 
compromising any of the existing param-
eters of the chip which the power grid 
directly effects such as voltage drop (or the 
current carrying capability of the grid) and 
the routability (or the space left over by the 
grid for signal net routing) of the design is 
discussed. The increased capacitance be-
tween power and ground supply enabled by 
this technique acts as additional decoupling 
capacitance. This additional capacitance 

helps decrease dynamic voltage drop by 
acting as a distributed local current source 
to the sudden demands of current due to, 
highly concentrated, high frequency local 
switching.

Figure 1 illustrates how decoupling ca-
pacitance helps in decreasing dynamic volt-
age drop. As can be seen, a charged capacitor 
acts as a local current source to the sudden 
demands of current by the device. Since all 
the current is not being drawn all the way 
from the pads, the voltage drop is less. When 
the sudden demands of current cease to 
exist, the capacitor is charged again. In this 
way, the decoupling capacitor helps reduce 
the ringing in the power grid by averaging 
out the noise peaks.

The chip level power grid for synthesiz-
able designs is drawn in the form of a mesh 
of metal stripes with each alternating metal 
laid out at right angles to the preceding 
metal. The current implementation of the 
power grid structure (width and frequency 
of stripes) is based on two criteria: IR drop 
and design routability.

Since the intent is always to close the de-
sign using the least possible area, the power 
grid has to be optimized in terms of widths 
and stripe placement to provide a balanced 
trade-off between the voltage drop and the 
routability. A good amount of resources get 
used in the power grid design (on aver-
age 15 % on-die metal is for routing). The 
methodology discussed herein is intended to 
be a “welcome by-product” off this already 
“used-up” power grid without impacting 
any of the existing parameters. A sample 
conventional power grid snapshot view is 
shown in Figure 2.

Looking at capacitance to drive  
relative placement

Our solution is to use the basic funda-
mentals of metal plate capacitance to drive 
the relative placement of power and ground 
stripes in a power grid. This informed rela-
tive placement increases the local capaci-
tance between the power and ground lines, 
which acts as a local current source and pro-
vides decoupling between power and ground 
lines, hence improving the power integrity 
of the design and reducing the power supply 
noise.

Figure 3 is a 3-D snapshot of metal4 and 
metal6. Other metal layers have similar pro-
files. Two improvements to the power grid 
structure are provided for increased decou-
pling capacitance. The power and ground 
stripes in the same plane have been brought 
together and placed alongside at the mini-

mum possible distance allowed 
by the design rule spacing’s. This 
increases the side-wall capaci-
tance between power and ground 
to the maximum possible.

In the planes which have the 
same metal routing direction 
we have placed the power (vdd) 
and ground (vss) stripes in such 

chetan Verma is senior design engineering  
manager at Freescale semiconductors india - 
www.freescale.com -  he can be reached at  
chetan@freescale.com

Fig. 1: How decoupling capacitance can help in 
decreasing dynamic voltage drop.

Fig. 2: Top view of Power Grid (snapshot) and cross-section view.

Fig. 3: a 3-D snapshot of metal4 and metal6 
layers.

Fig. 4: actual 3-D snapshots of metal4 and 
metal6 for a conventional design.
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Consumers’ desire for more engaging, easy-to-use and 
upgradeable products is driving embedded designers to add 
USB capabilities to their designs.
Microchip provides designers with a scalable choice of 
integrated USB solutions across 8-, 16- and 32-bit PIC® 
microcontrollers ranging from the space-saving 20-pin 
devices to the feature-rich 100-pin USB On-the-Go (OTG) 
products. This allows simple, compact designs to easily 
grow to more capable designs as requirements demand. 
In addition, the MCP2200 is a stand-alone USB to UART 
serial converter that enables full-speed USB connectivity in 
applications with a UART interface. 
Microchip provides free source code for USB software 
stacks and class drivers to shorten development time for 
USB applications, including thumb drive bootloaders and 
printer support. Supported classes include: audio, CDC, HID, 
MSD, printer and custom. Microchip’s free USB host stack, 
device stack and class drivers are available at: 
www.microchip.com/usb. 
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 Full-speed USB peripheral mode
 8-128 KB Flash, 512B-4 KB of RAM, 12 MIPS 8-bit 

devices
 Up to 2 UARTs, 2 I2C™/SPI ports
 Available in 20/28/44/64/80-pin packages

 Full-speed USB host, peripheral and OTG modes
 32-256 KB Flash, 8-96 KB RAM, 16 MIPS 16-bit devices
 Up to 4 UARTs, 2 I2C and 2 SPI ports, DMA interface for 

data RAM access, display drivers
 Available in 28/44/64/80/100-pin packages

PIC24E Family dsPIC33E Family

 Full-speed USB host, peripheral and OTG modes
 256-512 KB Flash, 32-52 KB RAM, 60 MIPS 16-bit 

devices
 4 UARTs, 2 I2C, 4 SPI ports with DMA
 Available in 64/100/144-pin packages

 Full-speed USB host, peripheral and OTG modes
 256-512 KB Flash, 32-52 KB RAM, 60 MIPS 16-bit 

devices
 4 UARTs, 2 I2C and 4 SPI ports with motor control and 

digital power peripherals
 Available in 64/100/144-pin packages

PIC32 Family MCP2200 Stand-alone USB Converter

 Full-speed USB host, peripheral and OTG Modes with 
dedicated DMA Channels

 32-512 KB Flash, 8-128 KB RAM, 80 MHz MIPS® 
M4K® Core

 Up to 6 UARTs, 5 I2C and 4 SPI ports, up to 8 general 
purpose DMA channels

 Available in 64/100/144-pin packages

 Enables full-speed USB connectivity using UART 
interface

 256 bytes of on-board EEPROM, 8 general purpose I/O
 LED drivers for traffic monitoring
 Available in 20-pin packages

Scalable and Integrated Solutions for 
Full-Speed USB and USB On-the-Go                                                        
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FS USB Plug-In Module (PIM) Demo Boards
These full-speed USB demonstration and development 
boards feature the PIC18FXXJ50 8-bit MCUs. The boards 
can be operated either standalone or as a PIM plugged 
into the PICDEM PIC18 Explorer board (DM183032).

PIC18F46J50 FS USB PIM Demo Board (MA180024) 
PIC18F47J53 FS USB PIM Demo Board (MA180029)

The PIC18F46J50 and PIC18F47J53 FS 
USB PIM demo boards are full speed 
USB demonstration and development 
boards featuring the PIC18F46J50 and 
PIC18F47J53 respectively.

PIC18F87J50 FS USB PIM Demo Board (MA180021)
The PIC18F87J50 FS USB PIM demo 
board is a full speed USB demonstration 
and development board featuring the 
PIC18F87J50. 

Explorer 16 Development Platform
Combine the Explorer 16, low-cost modular development 
board with the USB PICtail™ Plus daughter board for easy 
USB development with 16- and 32-bit MCUs. Several 
different PIMs are available that allow development with a 
variety of MCU platforms.
Explorer 16 Development Board (DM240001)

Use this efficient, low-cost development 
board to evaluate the features and 
performance of Microchip’s 16-bit 
PIC24F and PIC24H MCU, dsPIC33 DSC 
and 32-bit PIC32MX families. Interface 

with the MPLAB ICD 3 In-Circuit Debugger or MPLAB 
REAL ICE™ In-Circuit Emulator to speed evaluation and 
prototyping of application circuitry.

USB PICtail Plus Daughter Board (AC164131)
This module enables USB hardware 
connectivity when using an Explorer 
16 and USB-capable PIM. Provides 
support for USB device, host and OTG 
development.

Plug-in Modules
Various PIMs are available for use with 
the Explorer 16 development board. 
Individual PIMs feature different PIC24F, 
PIC24E and PIC32 microcontrollers and 
dsPIC33E digital signal controllers with 
USB modules.

Microchip’s support for USB applications includes MPLAB® 
tools for all USB PIC MCUs, peripheral applications for the 
8-bit PIC18F family, and peripheral, embedded host and OTG 
applications for the 16-bit PIC24F, PIC24E and dsPIC33E 
and 32-bit PIC32 families. Designers can use Microchip’s 
free USB stacks – including class drivers, 16- and 32-bit file 
system drivers and SCSI interface drivers – which are provided 
in source code form. More information is available at: 
www.microchip.com/usb.
Additional software support includes full C and RTOS 
development environments. Also available are: TCP/IP stacks, 
graphics libraries and ZigBee® software stacks, which allow 
USB functionality to be combined with other capabilities to 
support a variety of designs. More information is available at: 
www.microchip.com/mal.

USB Starter Kits
These development kits provide an easy, low cost way to 
evaluate the functionality of Microchip’s 8-, 16- and 32-bit USB 
microcontrollers. The all-inclusive kit contains the hardware, 
software and code examples necessary to take your next USB 
design from concept to prototype.

Low Pin Count USB Development Kit with PICkit™ 2 
(DV164126)

This kit features the PIC18F14K50 and 
PIC18F13K50 20-pin USB MCUs. Hardware, 
software and code examples are included, 
as well as self-directed course and lab 
materials

PIC18 Starter Kit (DM180021)
This kit features a PIC18F46J50 MCU and 
includes on-board debugger/programming 
capability as well as USB communication, 
a capacitive touch pad, potentiometer, 
acceleration sensor, MicroSD™ memory 
card and an OLED display. The board can 

function as a USB mouse, joystick or mass storage device 
(thumb drive) all using the on-board capacitive touch sense 
pads.

MPLAB Starter Kit for PIC24F (DM240011)
This kit provides an inexpensive way to 
evaluate the 16 MIPs PIC24FJ256GB110 
with USB-OTG. Application demonstrations 
include mTouch™ capacitive sensing, driving 
an OLED display and USB-OTG to store data 
to a thumb drive

PIC32 USB Starter Kit II (DM320003-2)
This kit provides the easiest and lowest cost 
method to experience the USB and CAN 
functionality of the PIC32 microcontrollers. 
Users can develop CAN applications using PIC32 
expansion boards. The board contains everything 

need to develop USB embedded host/device/OTG applications 
by combining this board with Microchip's free USB software.

USB Development Tools and Software Support 
Supporting USB Development from Concept to Prototype                                                        

www.microchip.com/usb



4   Connectivity Solutions

ENC28J60 Embedded Ethernet Controller
 Integrated MAC 

and 10 Base-T PHY
 8 KB transmit/ 

receive buffer SRAM
 MCU Interface 

Supported: SPI
 Available in 28-pin 

SPDIP, SSOP, SOIC 
and QFN packages

MAC Address Chips
 Pre-programmed EUI-48™ and 

 EUI-64™ node address
 Up to 1.5 Kb Serial EEPROM 

functionality
 SPI – 25AA02E48
 I2C™ – 24AA02E48
 UNI/O® – 11AA02E48
 www.microchip.com/MAC

Development Tools Support
PICDEM.net™ 2 Development Board (DM163024)

This Ethernet development board supports 
both the ENC28J60 controller and the 
PIC18F97J60 MCU. With this board and 
Microchip’s free TCP/IP stack, a web server 
can be developed showcasing the capability 

to remotely monitor and control embedded applications over 
the Internet.

PIC32 Ethernet Starter Kit (DM320004)
Contains everything needed to develop 
Ethernet or USB peripheral/host/OTG 
applications using the PIC32. The kit 
contains free Microchip TCP/IP software and 
the necessary cables. There is an integrated 

debugger/programmer on the board as well as an expansion 
connector.

Fast 100 Mbps Ethernet PICtail Plus Daughter Board 
(AC164132)

Populated with the ENC624J600, 
this Ethernet board interfaces to the 
RJ-45 connector. It can be plugged into 
the Explorer 16 development board 
(DM240001) and the PIC18 Explorer board 

(DM183032) allowing connection to any of Microchip’s 
8-, 16- and 32-bit products.

Ethernet PICtail™ Plus Daughter Board (AC164123)
This board is populated with the 28-pin 
ENC28J60 Ethernet controller which 
interfaces to the RJ-45 connector. It can be 
plugged into the Explorer 16 development 
board (DM240001), allowing connection 

to any of Microchip’s 16- and 32-bit products when used in 
conjunction with the free Microchip TCP/IP stack.

A wide range of remote communication features are possible 
when Ethernet connectivity is added to embedded designs. 
For example, systems can be remotely monitored using a 
web browser or email notification can be sent; triggered by 
service alerts or low product inventory. End users benefit 
through cost and time savings since they can centrally 
monitor, control and service their embedded systems over 
the Internet instead of physically being there.
Microchip’s Ethernet solutions address the growing demand 
for embedded Ethernet products, enabling easy network 
connectivity for cost-sensitive embedded designs.

 Free and robust TCP/IP stack optimized for the PIC18, 
PIC24 and PIC32 microcontroller and dsPIC® digital signal 
controller families

 Supported protocols include: HTTP, SMTP, SNMP, FTP, SNTP, 
SSL, TCP, UDP, IP, DHCP, DDNS, ICMP and ARP

PIC18F97J60 Ethernet PIC® Microcontroller
 PIC18F microcontroller with built-in Ethernet MAC and 

10 Base-T PHY
 8 KB dedicated Ethernet Buffer RAM
 Up to 128 KB Flash
 Advanced analog and communication peripherals
 Available in 64-, 80- and 100-pin TQFP

PIC32MX6XX, PIC32MX7XX Ethernet 
PIC® Microcontroller

  Integrated 10/100 Mbit Ethernet MAC
 Dedicated DMA interface 

for direct access to the 
entire system RAM

 Industry standard RMII/
MII interface to PHY

 Pre-programmed MAC 
address

 80 MHz, up to 512 KB 
Flash, up to 128 KB RAM

 Available in 64-pin (TQFP, 
QFN) and 100-pin (TQFP, 
BGA)

ENC624J600, ENC424J600 Embedded 
Ethernet Controllers

 Integrated MAC and 
10/100 Base-T PHY

 24 KB transmit/
receive buffer SRAM

 MCU Interface 
supported: SPI and 
8/16-bit parallel

 Cryptographic 
Security Engines

 Pre-programmed 
unique MAC 
address

 Available in 44-pin (TQFP, QFN) and 64-pin (TQFP)

ENC624J600

10/100 Mbps
Ethernet

TX/RX
Buffer MAC PHY

SP
I/P
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PIC18
PIC24
PIC32
MCU

dsPIC®
DSC

Security
Engines

Ethernet Solutions with Integrated MAC and PHY
Offering the World's Smallest Embedded Ethernet Controller                                                 

ENC28J60
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Ethernet
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Buffer PHYSP
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www.microchip.com/ethernet
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Microchip offers ZigBee certified compliant platforms for 
ZigBee PRO and ZigBee RF4CE protocol stacks ensuring 
interoperability and reliable communication. 

 ZigBee PRO Stack
 Smart Energy Profile
 ZigBee RF4CE and ZRC Profile

More information is available at: www.microchip.com/zigbee.

Sub-GHz Solutions – 433/868/915/950 MHz
MRF89XA/M8A/M9A Modules

 868/915/950 MHz transceiver and 
modules

 Low receive current = 3 mA
 Transmit power = +12.5 dBm
 Receiver sensitivity: -107 dBm FSK/-113 

dBm OOK
 Integrated PCB antenna and matching circuit components 
 FCC, IC and ETSI agency certified
 Surface-mountable PCB 
 Supports MiWi development environment

MiWi Development Environment
MiWi DE is designed to provide a smaller footprint, lower 
cost, communication protocol stack for peer-to-peer and 
mesh wireless networks. Intended for customers who 
desire robust communication in a closed or private wireless 
network at either 2.4 GHz or Sub-GHz operation frequency.

 MiWi P2P
 MiWi
 MiWi PRO

More information is available at: www.microchip.com/miwi.

Development Tools Support
 MRF24J40MA PICtail™/PICtail Plus (AC164134-1)
 MRF24J40MB PICtail/PICtail Plus (AC164134-2)
 MRF24WB0MA Wi-Fi PICtail/PICtail Plus (AC164136-4)
 MRF49XA PICtail/PICtail Plus 433 MHz (AC164137-1)
 MRF49XA PICtail/PICtail Plus 868/915 MHz (AC164137-2)
 MRF89XAM8A PICtail/PICtail Plus 868 MHz (AC164138-1)

Wireless Solutions
Targeting the Need for Low Data Rate, Low Cost Wireless Sensor and Control Networks          

Wireless communication technologies have been common 
place in homes and industry for many years. Recent 
Smart Grid initiatives have created a renewed demand for 
standardized, low data rate, low power, wireless technology 
in metering, home, business and industrial automation 
markets. As a result, Microchip offers many IEEE 802.11™, 
IEEE 802.15.4™ and ZigBee® standard solutions along with 
our proprietary MiWi™ protocol for both 2.4 GHz and Sub-GHz 
to address this need.

WiFi® IEEE 802.11
MRF24WB0MA/MB Modules

 IEEE 802.11 compliant wireless modules 
 Compatible with b/g/n routers 
 Supports infrastructure and ad hoc 

networks 
 FCC, IC, Wi-Fi certified, ROHS, CE and ETSI 

compliant, providing considerable cost 
savings and quick time-to-market 

 Supports WEP, WPA and WPA2 security protocols 
 License Free TCP/IP stack supporting a comprehensive 

suite of internet protocols
Microchip offers a license free TCP/IP stack optimized for the 
PIC18, PIC24, dsPIC® and PIC32 microcontroller families.
More information is available at: www.microchip.com/wifi.

ZigBee IEEE 802.15.4 – 2.4 GHz
MRF24J40/MA/MB Modules
  2.4 GHz IEEE 802.15.4 compatible 

transceiver and modules
 Integrated PCB antenna and matching 

circuit components
 FCC, IC and ETSI agency certified
 Surface-mountable PCB
 Supports ZigBee and MiWi 

development environment

www.microchip.com/wireless
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CAN MCUs and DSCs
The 8-bit PIC18F66K80 family offers the industry's best 
Sleep current of less than 20 nA, a wide operating voltage 
range of 1.8 to 5.5V and an advanced touch sensing 
interface. The 16-bit PIC24 and dsPIC33 families offer higher 
density Flash memories and high temperature operation of 
up to 150°C ambient. The 32-bit PIC32 family offers higher 
performance and better peripheral integration like Ethernet 
and USB.

At the heart of Microchip’s CAN offering is the enhanced CAN 
module offered on-board many Microchip microcontrollers. 
Key features include:

 CAN 1.2, CAN 2.0A and CAN 2.0B support
 32 buffers for TX/RX
 32 acceptance filters
 4 acceptance mask filters
 Time stamping
 DMA support in 16-bit PIC24H and PIC32 microcontrollers 

and dsPIC33F digital signal controllers
 DeviceNet™ support
 Legacy mode

Standalone CAN Controller
Microchip Technology’s MCP2515 is a stand-alone Controller 
Area Network (CAN) controller that implements the CAN 
specification, version 2.0B. It is capable of transmitting 
and receiving both standard and extended data and remote 
frames. The MCP2515 interfaces with MCUs via an industry 
standard Serial Peripheral Interface (SPI) and can be used as 
an easy method to implement CAN in an existing system.

CAN Transceivers
The MCP2551 is a high-speed CAN device that serves as 
the interface between a CAN controller and the physical 
bus. The MCP2551 provides differential transmit and 
receive capability for the CAN protocol controller and is fully 
compatible with the ISO-11898 standard, including 24V 
requirements.

Local Interconnect Network (LIN)
LIN/J2602 is a communication standard designed to 
address low-cost networking within vehicles. LIN enables a 
cost-effective communication network for lower speed switch, 
smart sensor and actuator applications within the vehicle 
where the bandwidth and versatility of CAN is not required. 
LIN can be implemented on any PIC microcontroller (MCU) 
with a USART interface. Microchip also offers a robust 
physical layer interface, data link layer implementation, LIN 
compliant drivers and a variety of development resources.

Standalone LIN Transceivers
The MCP2003/4 family of LIN transceivers offers a stand-
alone LIN transceiver option. Both parts meet LIN bus 
specification versions 1.3, 2.0 and 2.1 and SAE J2602. The 
transceivers' EMC/ESD performance is among the best in 
the industry and meets all automotive requirements.

The MCP2003 is available in an industry standard 8-pin SOIC 
pinout. The MCP2004 offers a TXE/Fault pin which allows 
users the ability to disable the transmitter in addition to 
providing data related to a fault condition. 

LIN Transceivers With Voltage Regulator
The MCP202X family of LIN transceivers integrates the LIN 
physical layer, 3.3V or 5V internal voltage regulator, with a 
maximum output current of 50 mA.

The devices support LIN bus specification versions 1.3, 
2.0 and 2.1 and SAE J2602 and are designed to meet the 
stringent EMC/ESD requirements of the world’s auto makers.

PIC18F14K22 LIN System in Package Solution
Microchip’s latest product offering includes a 8-bit, 20-pin 
microcontroller with an onboard LIN transceiver and a 5V 
voltage regulator. The device meets LIN bus specification 
versions 1.3, 2.0 and 2.1 and SAE J2602.

The device offers all the features of the MCP202X family 
of transceivers and supports the latest ‘nanoWatt XLP’ 
technology providing the lowest sleep currents in the 
industry.

Controller Area Network (CAN)
CAN is a serial communication protocol used extensively for 
high speed embedded applications where noise immunity 
and robustness is necessary. CAN protocol supports speeds 
up to 1 Mbps and is highly fault-tolerant, making it ideal for 
safety critical applications.
Microchip offers a complete line of products to meet the 
needs of high-performance embedded applications using the 
CAN protocol – including 8-, 16- and 32-bit microcontrollers 
and 16-bit digital signal controllers with integrated CAN, 
standalone CAN controllers, I/O expanders and CAN 
transceivers.

LIN and CAN Bus Solutions
Taking Communication and Connectivity in Deeply Embedded Designs to the Next Level       

www.microchip.com/lin
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CAN/LIN Development Tools
With easy-to-use development systems and application 
notes, Microchip provides a total CAN/LIN solution that 
enables low-risk product development, lower total system 
cost and faster time to market for high performance 
embedded designs.

LIN Serial Analyzer Development System (APGDT001) 
CAN BUS Analyzer (APGDT002)

The LIN and CAN analyzer development 
tools enables a PC to communicate 
with the LIN and CAN buses. The PC 
program uses a graphical user interface 
to enter and display message frames 
occurring on the target bus, allowing for 
easy debug. The tools can also be used 
as an active node on a bus to send and 
receive messages, therefore reducing 
the application development time. 

CAN/LIN PICtail™ Plus Daughter Board (AC164130-2)
This daughter board can be used with the 
Explorer 16 and PIC18 Explorer boards 
to facilitate rapid implementation and 
evaluation of CAN/LIN applications using the 
8-, 16- and 32-bit PIC® MCU and dsPIC® DSC 
families.

PICkit™ 28-pin LIN Demonstration Board (DM164130-3)
The PICkit 28-pin LIN demo board enables 
a quick start in developing and debugging 
applications with the LIN drivers. The kit 
includes a 28-pin socket which supports 
various PIC16F devices, includes a LIN 
transceiver, plus a generous prototype area 

with various indicator LEDs and buttons to support the test 
and debug of the application.

PICDEM™ CAN-LIN 3 Demonstration Board (DM163015)
The PICDEM CAN-LIN 3 demo board is 
an easy way to discover the power of 
Microchip’s CAN and LIN products. The 
board demonstrates the main features 
of the 64-pin TQFP PIC18F6680 and 
80-pin TQFP PIC18F8680 devices, 

including those features of the integrated CAN module. 
In addition, the board employs a LIN sub-network using 
Microchip's 20-pin SSOP PIC18F1320 and MCP201 LIN Bus.

LIN Software Library
LIN Data Link Layer firmware can be downloaded 
free-of-charge from Microchip’s web site. Many third party 
companies also offer LIN Data Link Layer firmware, providing 
additional design options.

Other Connectivity Options
While the most sophisticated protocols and interfaces 
tend to garner a significant amount of attention, a number 
of simpler connectivity options are and will remain the 
embedded interconnects of choice for many deeply 
embedded applications. Microchip’s focus on the embedded 
market ensures an ongoing commitment to support all of 
the connectivity solutions utilized by leading designers, 
including the microcontroller peripherals, application notes 
and software necessary to implement robust, highly reliable 
embedded networks.

RS-485 Protocol
The RS-485 protocol is typically used as a more feature-rich 
alternative to RS-232. The protocol enables longer distance 
between nodes and higher data rates. Any PIC microcontroller 
with an on-board UART can support RS-485 communication. 
Many PIC microcontrollers include enhanced peripherals with 
an RS-485 mode.

IrDA® Protocol
The IrDA protocol provides many portable devices with an 
affordable, short distance optical data communications link. 
IrDA can be implemented on many Microchip MCUs using 
Microchip's free-of-charge IrDA software stack. In addition, 
Microchip offers UART to IrDA protocol converter products 
(MCP2140A, MCP2150) to enable any system to easily add 
IrDA wireless connectivity.

IrDA PICtail Plus Daughter Board (AC164124)
Enables IrDA connectivity when used with the 
Explorer 16 development board (DM240001).

MCP2140 Wireless Temperature Sensor Demonstration 
Board (MCP2140DM-TMPSNS)

Demonstrates the communication of 
temperature data to a primary device (PDA or 
PC with IR port) via IrDA.

Development Resources and Other Connectivity Options
Providing Comprehensive System Solutions                                                                       

www.microchip.com/can



The Microchip name and logo, the Microchip logo, dsPIC, MPLAB, PIC and UNI/O are registered trademarks and MiWi, mTouch, 
PICDEM, PICDEM.net, PICkit and PICtail are trademarks of Microchip Technology Incorporated in the U.S.A. and other countries. 
All other trademarks mentioned herein are property of their respective companies. © 2011, Microchip Technology Incorporated, All 
Rights Reserved. Printed in the UK 6/11. DS01181H. ML1269Eng/06.11

Microchip Technology Inc. 
2355 W. Chandler Blvd. 

Chandler, AZ 85224-6199

www.microchip.com

Support
Microchip is committed to supporting its customers 
in developing products faster and more efficiently. We 
maintain a worldwide network of field applications 
engineers and technical support ready to provide product 
and system assistance. In addition, the following service 
areas are available at www.microchip.com:

 Support link provides a way to get questions 
 answered fast: http://support.microchip.com

 Sample link offers evaluation samples of any 
 Microchip device: http://sample.microchip.com

 Forum link provides access to knowledge base and 
 peer help: http://forum.microchip.com

 Buy link provides locations of Microchip Sales Channel 
 Partners: www.microchip.com/sales
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Training
If additional training interests you, then Microchip can 
help. We continue to expand our technical training options, 
offering a growing list of courses and in-depth curriculum 
locally, as well as significant online resources – whenever 
you want to use them.

 Technical Training Centers: www.microchip.com/training
 MASTERs Conferences: www.microchip.com/masters
 Worldwide Seminars: www.microchip.com/seminars
 eLearning: www.microchip.com/webseminars
 Resources from our Distribution and Third Party Partners 

 www.microchip.com/training
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Protecting automotive power  
components from thermal runaway
By Matt Williams  

the growing demand for electronics that 
can operate in harsh environments such as 
under-hood automotive systems and rugged 
industrial applications is fueling a trend 
toward new materials and more efficient 
power components. High-power, high-tem-
perature applications place greater demands 
on power electronic systems, resulting in the 
potential for serious thermal issues when 
components such as power Field Effect Tran-
sistors (powerFETs), capacitors, resistors 
or integrated circuits fail due to long-term 
exposure to harsh environments.

Improving power component perfor-
mance, using design techniques that spread 
heat more evenly, and incorporating new 
heat sink materials are some of the solutions 
that have been proposed to enhance thermal 

management. Nevertheless, many designers 
currently rely on secondary protection to 
help stop thermal runaway events that can 
be generated by power component failures 
or corrosion-induced heating.

The most common approach is to use a 
thermal fuse/Thermal Cut Off (TCO) or a 
thermal switch. These devices both offer 
the designer wide and specific temperature 
activation characteristics in both AC and DC 
applications, but they present challenges in 
the board assembly process. Because more 
and more PCBs use only surface mount com-
ponents, using a through-hole device can 
translate to special mounting procedures, 
increasing cost and complexity. Additionally, 
standard devices may not provide the rug-
gedness and reliability needed for automo-
tive applications; whereas components that 
are qualified for the automotive environ-
ment are fully tested to meet stringent shock 
and vibration specifications and provide the 

proper DC ratings. In response to the need 
for a robust, reliable surface mount device 
that can help prevent thermal damage 
resulting from failed power electronics, Tyco 
Electronics recently introduced the Reflow-
able Thermal Protection (RTP) device. The 
secondary thermal protection device can be 
used to replace redundant powerFETs, relays 
and heavy heat sinks typically used in auto-
motive and industrial electronic designs.

In the harsh automotive environment, 
powerFETs are routinely subjected to ex-
treme temperature variations and thermo-
mechanical stress. Intermittent shorts, 
cold operating environments, high arcing 
or noisy short circuits, as well as inductive 
loads and multiple short circuits can, over 
time, fatigue the device and cause it to fail 
in open, short or resistive mode. Although 
powerFETs are increasingly robust, they 
are prone to failures which can occur very 

a way that a vdd stripe in M4 is sandwiched 
between vss stripes in M2 and M4. Similarly 
a vss stripe in M4 is sandwiched between 
vdd stripes in M2 and M6. This increases the 
area capacitance between power and ground 
to the maximum possible. Figure 4 shows 
actual 3-D snapshots of metal4 and metal6 
for a conventional design. Other metal layers 
have similar profiles. Figure 5 illustrates the 
physical implementation of the power grid 
mesh using such a methodology. 

There is no decoupling ‘area capacitance’ 
effect in the conventional approach to the 
next level metal layer (eg. Metal6 to metal 4) 
and “side-wall’ capacitance is 60 times less in 

the conventional approach.

Experimental results
To prove this concept, a power grid 

was implemented 
following both 
the conventional 
and the proposed 
designs, using a C65 
process on a 25mm2 
die. The power and 
ground mesh was 
then extracted for ca-
pacitance. As shown 
in Table 1, using the 

same resources, the decoupling capacitance 
was increased nearly three folds with the 
new methodology, without affecting the 
voltage drop and the routability found in 
the conventional design.

The resultant increase in power-ground 
capacitance decouples any noise induced 
between these nets due to high frequency 
circuitry. What’s more, the actual imple-
mentation of the proposed methodology is 

straight forward and does not require any 
change of tools.  n

Fig. 5: Snapshot showing the power grid imple-
mentation based on the proposed concept.

Fig. 6: Conventional power stripe placement (left) 
versus the proposed methodology.

Table 1: Experimental results - proposed approach versus prior-art.

matt williams is global applications engineering 
manager for te Circuit Protection - www. te.com 
- he can be reached on mattwilliams@te.com
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quickly if their ratings are exceeded. If the 
maximum operating voltage of a power-
FET is exceeded, it goes into avalanche 
breakdown. If the energy contained in the 
transient overvoltage is above the rated 
avalanche energy level, the device will fail; 
causing a destructive thermal event that may 
result in smoking, flame or desoldering.

Automotive and industrial powerFETs 
have been shown to be more prone to fatigue 
and failure than devices that are installed in 
less demanding applications. When compar-
ing powerFET failure rates over time, devices 
used in harsh environments exhibit greater 
ppm failure rates. After five years in the field 
the difference can be more than a factor of 
ten.

Although a powerFET may pass initial 
testing, it has been demonstrated that, given 
certain conditions, random weak points in 

the device can result 
in field failure. Even 
in situations where 
the powerFET is 
functioning within 
specified operating 
conditions, random 
and unpredictable 
resistive shorts at 
varying resistance 
values have been 
reported.

The resistive 
mode failure is of 
particular concern, 
not only for the 
powerFET but for 

the PCB. As little as 10W may generate a 
localized hot spot of more than 180ºC, well 
above the typical PCB‘s glass transition tem-
perature of 135ºC, leading to damage of the 
board‘s epoxy structure and a thermal event.

Figure 1 describes a scenario where a 
failed powerFET may not generate a hard 
short overcurrent condition but rather a re-
sistive short, producing unsafe temperatures 
through I2R heating. In this case the result-
ing current may not be high enough to blow 
a standard fuse and stop thermal runaway 
on the PCB. If a power component failure or 
a board defect generates unsafe overtempera-
ture conditions the RTP device, which opens 
at 200ºC (a value above normal operating 
temperatures but below lead (Pb)-free solder 
reflow temperatures), will interrupt the 
current and help prevent a thermal runaway 
condition that may lead to critical damage.

As shown in Figure 2, when the RTP 
device is placed in series on the power line in 
close proximity to the FET, it tracks the FET 
temperature and opens the circuit before a 
slow thermal runaway condition can gener-
ate an undesirable thermal condition on 
the board. Although this article focuses on 
powerFETs, the RTP device also helps protect 
against thermal-runaway damage caused by 
capacitors, ICs, resistors and other power 
components that may crack or fail, or from 
the effects of any type of corrosion-induced 
heating. 

How it works
To allow it to open at 200ºC in the field, 

the RTP device uses a one-time electronic 
arming procedure to become thermally sen-
sitive. Before arming, it can withstand three 
Pbfree solder reflow steps without opening. 
Timing of electronic arming is user-deter-
mined, and can be implemented to occur 
automatically at system power up or during 
system testing. The RTP device‘s 200ºC open 
temperature helps prevent false activations 
and improves system reliability since it is a 
value above the normal operating window of 
most normally functioning electronics, but 
below the melting point of typical Pb-free 
solders. As a result, the device will not open 
if surrounding components are operating 
in their target temperature range, but it will 
open before a component de-solders and 
creates the potential risk of additional short 
circuits.

The RTP device meets the reliability 
requirements of automotive power electron-
ics systems such as cooling fan applications, 
as well as ABS, power steering, PTC heaters, 
etc. The surface mount device can be quickly 
and easily installed using industry-standard 
pick-and-place and Pb-free reflow equip-
ment, and can withstand multiple reflow 
passes with peak temperatures exceeding 
well over 200ºC and yet, in the field, will 
open if it detects a temperature above 200ºC. 
The device‘s thermal sensitivity is beneficial 
since, in some cases, failed power compo-
nents may not generate a dead short circuit 
overcurrent condition, but instead may 
create a resistive short that cannot be opened 
by a traditional fuse. This type of event may 
actually reduce load current, but can still re-
sult in unsafe thermal runaway conditions. 
The RTP device helps prevent damage caused 
by both dead short circuit and resistive short 
circuit conditions.  n

Fig. 1: PowerFET failure in resistive mode can lead to unsafe overtemperature 
conditions.

Fig. 2: In a slow thermal runaway condition, the RTP device tracks the powerFET temperature until it 
opens the circuit at 200ºC.
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International Rectifier has extended the 
company’s packaging portfolio with the intro-
duction of a PQFN 4x4mm package featuring 
IR’s latest high-voltage gate drive ICs that deliv-
ers an ultra-compact, high density and efficient 
solution for a wide variety of applications 
including home appliance, industrial automa-

tion, power tools and 
alternative energy.
Featuring a footprint 
of just 16mm2, the 
PQFN4x4 package can 
accommodate many 

of IR’s high performance high-voltage gate 
drive ICs that previously required packages as 
large as the wide-body SOIC-16, offering up to 
a 85% smaller footprint. The new package has 
been designed with the appropriate creepage 
and clearance requirements to enable rugged 
and reliable designs at voltages up to 600V. 
Featuring a low profile of less than 1 mm, the 
PQFN 4x4 package is SMT-compatible. 
International Rectifier

www.irf.com.

ITT Interconnect Solutions has developed 
a high voltage connector series which can 
conduct ten times more VDC than standard 
APD interconnects. The new APD High Volt-
age connector can handle operating voltages 
of up to 500VDC and operating current of up 
to 34A while remaining cost effective and 

highly reliable.
The APD 4-way 
high voltage se-
ries suits automo-
tive applications 
such as power 

distribution boxes, controls and junction 
boxes and also electric and hybrid vehicles. 
Impulse voltage is rated at 3.5kV and operat-
ing current up to 34A for wire size 4.0mm2. 
The APD 4-way high voltage connector is 
bayonet mated and rated to IP67, increasing 
to IP69k when using individual wire sealing. 
Other product features include 3.5kV rated 
impulse voltage.
ITT Interconnect Solutions

www.ittcannon.com

The compact CeramCool Box from CeramTec 
is made for homogeneous and efficient cooling 
of packing densities up to 100W/cm2.For exam-
ple, with an edge length of just 16x40x40mm it 
has a total cooling capacity of 1600W at 90ºC, 
which corresponds to a thermal capacity of 
1200W. This ceramic heatsink offers unlimited 

scalability in every di-
rection, with the elec-
tric conductors placed 
directly on it and per-
manently connected 
to it without thermal 

barriers and without the risk of delamination. 
Four symmetrically arranged spiral condensers 
with innovative flow paths ensure balanced 
cooling on the complete surface. The ceramic 
walls are merely 1mm thick. This enables the 
coolant to get closer to the heat source than 
any other concept with a comparably long sys-
tem lifetime. The CeramCool Box uses Alunit, 
an aluminium nitride ceramic material with a 
thermal conductivity over 170W/mK.
CeramTec

 www.ceramtec.com

Featuring a “flat wire” design that is coiled and 
mounted directly to the circuit board to allow 
efficient heat dissipation, the DR79892 and 
DR79893 flat wire inductors from Datatronic 
Distribution are designed for performance in 
power supplies, industrial controls and instru-
mentation applications. The compact flat wire 
design provides for better thermal manage-
ment and superior reliability. The DR79892 and 
DR79893 inductors are insulated to a minimum 
of 100MOhm at 500Vdc between coil and core. 
Rated to insulation Class E, they are operable to 
120°C. The Model DR79892 flat wire inductor 
features an inductance of 4.0µH and a rated 
inductance of 2.5 µH. It offers a 45A rated cur-
rent, a 0.8m Ohm maximum DC resistance and 
500Vac isolation between coil and core. These 
inductors measure 16x29x29.5mm. The Model 
DR79893 features an inductance of 45µH and a 
rated inductance of 40 µH. It offers a 30A rated 
current, a 4.0 Ohm maximum DC resistance and 
500Vac isolation between coil and core. These 
inductors measure 29x43x50mm.
Datatronic

www.datatronics.com

High-voltage gate drive ICs
up to 85 percent smaller footprint

4-way connector
handles up to 500VDC and 34A

Ceramic heat-sink
scalable, cools up to 100W/cm²

100MW flat wire inductors
for use at 120°C

New Models and Options Include:
  New "QH" Models: 2.5 times more       
 power in the same package! 

 Center Tap: Provides two outputs of   
 both + and - polarity in one ultra-    
 miniature, cost effective unit. 

  Control Pin Models: Designed for    
 error amplifier control in closed loop   
 systems, or easy On/Off  function. 

  Optional VA Pin Pattern: Offers  easy  
 switch to EMCO performance,
  relibility and cost structure. 

EMCO offers 
New Models to 
  Q Series

Miniature 
DC to HV DC
 Converters
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Vishay Intertechnology, Inc., has 
expanded its offering of TMBS 
Trench MOS Barrier Schottky 
rectifiers with 12 new 45 V 
devices in three power package 
options that feature a wide range 
of current ratings from 10 A to 
60 A. With low forward voltage 
drops down to 0.33 V typical at 
10 A, the rectifiers are optimized 
for use in solar cell junction 
boxes as bypass 
diodes for protec-
tion.
The devices 
released include 
the dual-chip 
V(B,F)T1045CBP, 
V(B,F)T2045CBP, 
V(B,F)T3045CBP, and 
V(B,F)T6045CBP. Each device is 
offered in the power TO-220AB, 
ITO-220AB, and TO-263AB 
packages. All rectifiers feature 
a maximum operation junction 

temperature of 150 and 200°C 
maximum junction temperature 
in DC forward current without 
reverse bias (t ≤1 hour). The 
devices are compliant to RoHS 
Directive 2002/95/EC and WEEE 
2002/96/EC The TO-263AB pack-
age offers an MSL moisture sen-
sitivity level of 1, per J-STD-020, 
LF maximum peak of 245°C. The 
TO-220AB and ITO-220AB pack-

ages feature solder 
bath temperatures of 
275°C maximum, 10 
s, per JESD 22-B106, 
and are halogen-free 
according to the IEC 
61249-2-21 defini-
tion. Samples and 

production quantities of the new 
45 V TMBS rectifiers are avail-
able now.
Vishay Intertechnology

Trench MOS barrier Schottky rectifiers
45V devices for PV bypass protection

www.vishay.com.

Fairchild Semiconductor has de-
veloped the FDMS36xxS family 
of power stage dual asymmetric 
MOSFET modules to address 
two main challenges facing 
power supply engineers. The 
new devices reduce the 
amount of space they 
use and increase power 
density. The benefits are 
especially important in 
notebook, point-of-load, 
server, gaming and telecommu-
nication applications.
The FDMS36xxS family incorpo-
rates a control and synchronous 
MOSFET, as well as a monolithic 
Schottky body diode in a PQFN 
package. The switch node has 
been internally connected to 
enable easy placement and 
routing of synchronous buck 
converters. The control MOSFET 
(Q1) and synchronous MOSFET 
(SyncFET) (Q2) have been de-
signed to provide optimal power 

efficiency for output currents up 
to 30 Amps. By integrating these 
devices into one module, the FD-
MS36xxS family reduces board 
space by replacing two or more 
5 mm x 6 mm PQFN, S08 and 

DPAK packages.
The FDMS36XXS 
family of products 
is designed using 
Fairchild’s advance 
charge-balanced 

device architecture (Shielded 
Gate Technology) and advanced 
packaging technology to 
achieve industry-leading sub-2 
mOhm low side RDS(ON) at 
high performance computing 
rated breakdown voltages. The 
product family is optimized to 
minimize the combination of 
conduction and switching losses 
from 300kHz to 600kHz.
Fairchild Semiconductor

Dual asymmetric MOSFET module
for high power density and ease of design

www.fairchildsemi.com

National Semiconductor has 
introduced what the company 
claims is the industry’s first 
100 V half-bridge gate driver 
optimized for use with enhance-
ment-mode GaN power FETs 
in high-voltage 
power convert-
ers. The LM5113 
is a highly-inte-
grated, high-side 
and low-side GaN 
FET driver that 
reduces component count by 
75% and shrinks printed circuit 
board (PCB) area by up to 85 per-
cent compared to discrete driver 
designs. Enhancement-mode 
GaN FETs enable new levels of 
efficiency and power density 
compared to standard metal-
oxide semiconductor field-effect 
transistors (MOSFETs) due to 
their low on-resistance (Rdson) 
and gate charge (Qg) as well as 

their ultra-small footprint, but 
driving them reliably presents 
significant new challenges. 
National’s LM5113 driver IC 
eliminates these challenges, 
enabling power designers to 

realize the benefits 
of GaN FETs in a 
variety of popular 
power topologies. 
National’s LM5113 
is a 100 V bridge 
driver for enhance-

ment-mode GaN FETs.  Using 
proprietary technology, the 
device regulates the high side 
floating bootstrap capacitor 
voltage at approximately 5.25 V 
to optimally drive enhancement-
mode GaN power FETs without 
exceeding the maximum gate-
source voltage rating.
National Semiconductor

100-V half-bridge gate driver 
for enhancement-mode GaN power FETs

www.national.com

Enhanced performance, Energy 
management, and End-user value 
are the key design objectives of 
Ericsson’s 3E range of digitally-
controlled dc-dc converters. The 
newly-expanded product family 
comprises two 
intermediate-bus 
converters that 
source up to 240 
and 396 W to 
power a choice of 
complementary 
3E point-of-load 
regulators that can each supply 
12 to 40A. The 3E Gold Edition 
design kit hardware comprises 
two boards that accommodate 
one or two intermediate-bus 
converters and up to six point-of-
load regulators. Sample devices 
include the BMR453 and BMR454 
intermediate-bus converters to-
gether with examples of the 12A 
BMR462, 20A BMR463, and 40A 
BMR464 point-of-load regulators. 

The boards can operate indepen-
dently or be plugged together to 
form a representative PMBus-
controlled power system.
The design kit includes a USB-to-
PMBus adapter that provides a 

seamless inter-
face between 
the 3E GUI Gold 
Edition soft-
ware running 
on a Windows 
PC and the 
target 3E family 

dc-dc converters. At power-on, 
the software scans the PMBus 
to discover which devices are 
present. It then continually reads 
and displays each converter’s key 
operating parameters--its input 
and output voltages, output cur-
rent, and on-chip temperature--at 
intervals that users can specify..
Ericsson

Design kit for digital power exploration
of digital power architectures

www.ericsson.com
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GPON system on chips with integrated 
optical control circuitry
By Frank Engel
GiGabit passive optical network (GPON) 
technology is the key emerging  access 
technology in FTTB and FTTH applications, 
as it provides a scalable and cost-effective ar-
chitecture to satisfy the growing bandwidth 
requirements generated by advanced ap-
plications such as high-definition television 
(HDTV) or cloud computing.

The GPON technology provides a power-
ful point-to-multipoint solution to meet the 
increasing bandwidth demand, and at the 
same time is able to provide low mainte-
nance in the access part of the communi-
cation infrastructure. A GPON Network 
consists of an Optical Line Terminal (OLT) 
located at the central office and multiple 
units of Optical Network Units (ONUs) at 
the customer sites. Depending on the indi-
vidual FTTH/FTTB subscriber scenario the 
high bandwith GPON link can be terminated 
within different client-side equipment op-
tions a SFU (Single Family Unit), SBU (Single 
Business Unit), HGU (Home Gateway Unit), 
MDU (Multi Dwelling Unit) or CBU (Cellular 
Backhaul Unit).

Different flavors of PON standards have 
been specified by two standard bodies, Inter-
national Telecommunications Union (ITU), 
FSAN and Institute of Electrical and

Electronics Engineers (IEEE). Within the 
ITU, the earliest version was the Asynchro-
nous Transfer Mode PON (APON) standard, 
followed by the Broadband PON (BPON) 
standard (ITU-T G.983). The next evolution 
was the ITU-T G.984 or so called Gigabit PON 
(GPON) standard, ratified in March 2008. 
The GPON standard provides an additional 
performance boost in terms of both the total 
bandwidth and bandwidth efficiency, with 
2.488 Gbps of downstream bandwidth and 
1.244 Gbps of upstream bandwidth. The 
GPON standard is widely deployed in all 
geographical regions with the exception 
of Japan, while the next-generation GPON 
standard, 10G GPON, is being worked on 
by the ITU and Full Service Access Network 
(FSAN) working group and expected to roll 

out in 2014.
Within IEEE, the IEEE 802.3 Ethernet 

PON (EPON or GEPON) standard has been 
completed in 2004. The EPON standard has 
mostly been adopted by operators in Japan 
and China. The key differences between 
GPON and EPON standards are the data rates 
and bandwidth utilization. 

Key operator requirements
The main challenges for GPON equipment 
deployment on the operator side are cost 
reduction (OPEX) and thus require improved 
energy efficiency. The network equipment 
costs are mainly driven by the high compo-
nent costs of the optical interface side. On 
the other hand energy efficiency require-
ments for reduced power consumption 
require power efficient GPON equipment.

In addition many FTTx ONU/ONT fla-
vours are deployed, demanding for scalable, 
cost optimized high-performance GPON 
System-on-Chip (SoC) solutions. Last-but-not 
least network stability and interoperabil-
ity have to be ensured. Quality of Service 
(QoS) capabilities and optical I/F are the 
challenges for improved optical network 
robustness, e.g. laser aging and rogue ONUs. 
Furthermore it has to be ensured that GPON 
equipment is interoperable from the starting 
point to enable mass deployment with dif-
ferent OLT and ONU solutions.

Cost optimization
Having a look on GPON SFU solutions 
today the optical interface is the main cost 
driver. In a typical SFU implementation (4x 
1000Base-T, 2 POTS) about 50 percent of the 
Bill of Material (BOM) account for the GPON 
optical transceiver module. 

Typically the SFF (small form factor) 
optical module integrates the BOSA (BiDi-
Optical Sub Assembly) with the Laser and 
Monitor Diode for transmit direction and 
the Avalanche Photo Diode (APD) and Tran-
simpedance Amplifier (TIA) for receive di-
rection as well as the Laser Driver, Limiting 
Amplifier, EEPROM, optical control -   and 
APD high voltage control circuitry.  

Lantiq developed the world`s first GPON 

SoC with integrated optical control circuitry 
for ONU applications. Feature integra-
tion on the FALC ON devices allows GPON 
ONU manufacturers to reduce BOM cost 
for optical components by up to 40 percent 
while reducing system power consump-
tion, improving overall robustness of the 
optical network and reducing the footprint 
of ONU network equipment. All members 
of the new GPON chipset family feature 
integrated burst mode laser driver and APD/
PIN-receiver-control circuitry which allows 
direct interfacing to a low-cost BOSA. This 
unique approach allows system integrators 
to offer GPON ONU solutions without the 
need for costly and area-consuming optical 
transceiver modules. 

In addition the combination of the opti-
cal control circuitry with its ITU-T G.984 
compliant GPON MAC and its on-chip CPU 
enables automatic calibration and com-
pensation of optical component variations. 
This leads to an efficient manufacturing 
process, long term stability, improved opti-
cal network robustness and overall optical 
system performance, as defined in the ITU-T 
G.984.2 standard. With a dedicated Firmware 
the new GPON SOCs will enable the self-
learning of laser operational parameters and 
measurement on laser parameters drift.   

Energy efficiency
The Importance of energy conservation for 
the PON network which is part of the access 
network is simply expressed by the follow-
ing two numbers. In particular, the access 
network contributes up to 80% and the CPE 
devices alone contribute up to 60% of the 
total network power consumption. 

The FALC  ON as a 17x17mm single chip 
GPON ONU system solution together with 

Frank engel is senior manager product market-
ing at lantiq – www.lantiq.com – he can be 
reached at frank.engel@lantiq.com

Fig. 2: Optical interface is the main cost driver 
for GPON deployments.
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a power management unit addresses the 
energy conservation requirements perfectly. 
A power management unit (PMU) tailored 
for GPON ONU systems allows a scalable 
platform for all FTTx deployment scenarios. 
The device provides all the functions needed 
for the system power management with a 
minimized BOM of external components. 
Since this device requires only a single 
external power supply of 3.3 V it provides 
the different supply voltages for the system 
using high efficient on Chip DC/DC convert-
ers. This flexible power management is a 
combined hardware and software approach 
which also includes network system level 
power saving concepts. Only modules and 
interfaces are activated which are required 
for the selected application while unused 
modules are deactivated in order to increase 
power savings. Energy efficient Ethernet 
is fully supported for the on-chip Ethernet 
PHYs. While the Ethernet MACs and Ether-
net PHYs are compliant to the IEEE 802.3az 
specification.

Furthermore the optical interface integra-
tion leads to significantly reduced system 
power consumption as external components 
and high speed interfaces get obsolete. In ad-
dition the laser driver is only activated dur-
ing upstream transmission. All the above-
mentioned power saving measures lead to 
reduced costs of ownership and extended 
battery back-up time for ONUs.

Diversity and scalability
As various FTTx GPON ONU flavours are 
deployed, there is a need for scalable, flexible 
and cost optimized GPON SoCs. The wide 
spread of deployments include SFUs with 
one or more LAN ports, or variants with 
voice support and MDUs or CBUs. Scalable, 
cost optimized SoCs address all ONU ap-
plications. 

The scalable chips with integrated optical 

control circuitry, intelligent and high-effi-
cient power management offer up to four GE 
LAN ports with two/four integrated 1000B-
T/100B-T PHYs, integrated voice processing 
for up to four FXS ports, wire-speed packet 
processor with high-performance traffic 
management and a time of day/PPS synchro-
nization interface for mobile backhauling.

Network stability
On-chip, automatic calibration and compen-
sation of optical components lead to long 
term stability and improved network robust-
ness. Typical laser aging is automatically 
compensated. In a GPON downstream data 
packets are transmitted from an OLT to a 
number of ONUs and upstream data packets, 
on the other hand, are transmitted from the 
ONUs back to the OLT. 

During normal operation, the ONUs 
transmit data packets to the OLT only during 
their assigned timeslots. One problem which 

can arise is when, due to a failure, an ONU 
transmits outside of it’s own TDM (Time 
Division Multiplex) upstream timeslot. If a 
first ONU transmits during a time slot which 
has been assigned to a second ONU and both 
ONUs attempt to transmit at the same time, 
a collision results which can prevent the 
OLT from being able to receive the data pack-
ets correctly. In the worst case the complete 
upstream traffic of the optical distribution 
network (ODN) can be jeopardized.  An ONU 
that transmits outside the assigned upstream 
timeslots is known as a “rogue ONU”. 

Integrated rogue ONU detection and 
hardware based prevention is not possible 
with a standard optical module solution, 
while a discrete optical solution requires ad-
ditional external components and increase 
of BOM. The FALC ON family provides rogue 
ONU detection and prevention, monitor-
ing the upstream transmission during and 
after burst and automatically shut-down in 
failure case.  n

Fig. 3: FALC ON – the first GPON-SOCs with inte-
grated optical control circuitry.

Fig. 4: A complete ONU solution takes only 
50x80mm of board space.
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Car makers announce additional 48V 
supply, standard charging plug 
By Christoph Hammerschmidt
Car makers audi, BMW, Daimler, Porsche 
and Volkswagen have agreed to jointly incor-
porate a number of common architectural 
elements for their on-board power network. 
These include an additional 48V section, a 
uniform charging connector type for all elec-
tric and hybrid vehicles and partial network 
operation for the CAN bus.

At the 15th Automobil Elek-
tronik Kongress in June in Lud-
wigsburg (Germany), the compa-
nies announced to establish a 48V 
supply network supplementing 
the current 12V supply. They also 
said they agreed upon measures 
supporting partial CAN bus opera-
tion and a common charging plug 
as a joint de-facto standard. 

“At a growing extend, high-
current loads are used in the 
vehicles,” said Volker Wilhelmi, 
Head of Electrical/Electronic 
on-board networks for Daimler. 
“It becomes increasingly difficult 
under technological and cost 
aspects to implement these functions and 
devices in a 12V supply network.” For this 
reason, E/E engineering managers of the five 
OEMs agreed to implement a supplementary 
48V supply in future car generations. Both 
subnets will be connected through a bidirec-
tional DC/DC converter. “This enables us to 
integrate high-current devices into our cars 
at lower cost, better quality and more easily”, 
Wilhelmi said. 

The discussion about a higher supply 
voltage in cars is almost 20 years old, albeit 
the voltage initially in question was 42V. 
Also, the rationale to increase the supply 
voltage in cars has changed: While initially 
the focus was on higher performance for the 
entire vehicle, the topic is driven now by the 
desire to reduce CO2 emissions. Also, the 
battery technology has changed since the 
initial discussions: 20 years ago, the lead-acid 
battery was the only technology used in cars. 
Now the engineers focus on Lithium-ion 
batteries.

According to experts, most elements in 
the 12V domain will remain unchanged. 

However, the generator will be moved into 
the 48V section; the 12V section will be 
coupled to the 48V section by means of a 
bidirectional DC/DC converter in the power 
range of about 3 kW. Since the 48V genera-
tor will function as a motor during certain 
phases of driving, a 48V inverter controlling 
motor/generator has to be added. A new 48V 

battery will be complete the 48V section. Un-
like “dumb” lead-acid batteries, this energy 
storage will be equipped with a sophisti-
cated battery management system.

The 48V option will improve power re-
cuperation in electric and hybrid electric ve-
hicles and thus reduce CO2 emissions. Also 
heating and air conditioning could benefit 
from the higher operating voltage: blowers 
for the engine cooling system as well as for 
the HVAC would achieve higher efficiency 
when operated with 48V. Other candidates 
for the higher voltage include PTC auxiliary 
heaters and actuators for electric power 
steering as well as for roll stabilization.

In their statement the carmakers made 
clear that they all are developing 48V com-
ponents and requested the semiconductor 
providers and control unit manufacturers 
to actively join the development process for 
serial production. In the meantime, Audi 
acknowledged that the production of first 
vehicles equipped with the 48V section will 
start within three years. The implementa-
tion of an additional 48V supply network 

in the vehicles translates into major design 
challenges for the value chain. In particu-
lar, providers of semiconductors and ECUs 
will be affected - they need to adjust their 
product range to the higher voltage and in 
part re-design their products. Infineon as 
the number one chip vendor in this kind of 
applications pointed out that the company 

already has significant expertise in 
24V systems through its activities 
in the truck market. While the 
company claims to have already 
volume products that meet the 
requirements for 48V, the prod-
uct portfolio is far less densely 
populated than its 12V portfolio. 
Similar challenges will apply to all 
semiconductor providers. 

The second part of the an-
nouncement referred to the CAN 
data bus. The OEMs agreed that 
in specific situations it should be 
possible that only parts of the data 
bus are activated. The OEMs - for 
this part of the announcement 

they were joined by Burkhard Milke, top E/E 
manager for GM subsidiary Opel - said they 
will make arrangements to support partial 
bus operation. “This is about saving energy”, 
said Rick Hudi who oversees E/E develop-
ment at Audi. Hudi estimated that thus the 
supply current throughout the CAN bus can 
be reduced by about 10A.

On behalf of the group, Volkswagen E/E 
top dog Volkmar Tanneberger announced 
a common power plug for electric vehicles. 
This so called Combo plug aims at DC charg-
ing and is backwards compatible with the 
earlier Type 1 and Type 2 designs. These 
designs have already been introduced in 
the industry; Type 1 originated in Japan 
while Type 2 is a European development. 
Tanneberger said that the proposal has been 
coordinated with U.S: OEMs as well as the 
SAE. According to Tanneberger, the OEMs 
also agreed to include powerline communi-
cations into their new standards proposal. 
According to the VW manager, the new plug 
is scheduled for roll-out already in the first 
quarter of 2013.    n

German carmakers jointly announced a new common charging plug for 
e-cars and HEVs. The new plug will be backwards compatible with existing 
designs type 1 (left) and type 2 (right). Moreover, the new plug will feature 
powerline communications. 
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Power integrity  
engineering  
for interconnects
By Ken Stead   

THE NEED FOR HIGH-CURRENT interconnect solutions in increas-
ingly smaller spaces continues to rise rapidly. As demand grows for 
more power in smaller packages, solving the power equation on new 
architectures and system platforms can pose electrical and mechani-
cal design challenges. Yet OEM system and power designers charged 
with specifying interconnect components must ensure both signal 
and power integrity.

Unlike signal connectors, which continue to get smaller at higher 
transmission speeds, power connectors require a specific amount of 
conductive material to carry specific amounts of current or amperage. 
There are no special recipes to design that will allow smaller power 
contacts to carry more current. While progress is being made in 
perfecting low interference interfaces, as power needs increase so does 
the amount of space needed for higher current-capacity.

In this article, we will look at key factors design engineers need to 
evaluate in the early stages of the design process. And, we will discuss 
how connector innovations and sound power integrity engineering 
principles can not only drive smarter design, but also help to ensure 
that the interconnect solutions specified will deliver optimal electri-
cal performance, as well as safety and long-term reliability.  

Even though new system designs often require more power to 
travel across a limited amount of space, several factors still affect the 
density of a design and how much power it can actually handle. A 
clear understanding of each of these elements is critical to success-
fully designing power integrity and safety into the system. This will 
help streamline the overall design process. 

Balancing space and power
First, it is necessary to determine how much space is required for 

a power interconnect versus how much available space has been 
allotted in the finished product design. While saving space is a high 
priority for most OEMs, the height, width and length of the con-

Ken Stead is global new product development manager for power prod-
ucts at Molex - www.molex.com

Predictive modeling input results.

RELIABILITY

www.mill-max.com/EETE596

MAXIMUM
In contact, stability and low-noise performance
Mill-Max Mfg. Corp. spring-loaded connectors 
provide superior reliability under the most rigorous 
environmental conditions, offering:

 

 
specific assemblies.

Stay in contact with 
Mill-Max spring-loaded connectors.

 
offerings and request a datasheet 
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nector, and particularly 
its copper content, will 
directly affect the achiev-
able current density. 
System architects always 
want to get more power in 
the same space, which can 
pose a challenge for con-
nector manufacturers.

However, leading 
global connector manu-
facturers continue to develop new and inno-
vative designs that use higher conductivity 
materials and utilize space more creatively 
to improve power delivery and electrical 
performance without expanding space 
requirements. For example, in some cases, a 
lower profile connector may be preferable to 
maximize air flow for cooling. In other cases, 
a taller connector offering improved contact 
performance may be the right solution to 
properly handle the amount of current 
generated in less card edge space.  What’s 
important is striking the optimal balance 

of power and its resultant thermal effects 
on the PCB with the spatial design require-
ments to ensure the end product’s safety and 
performance.

Thermal management
Thermal issues caused by contact or con-

striction resistance and inefficient air flow 
are always a concern and should be carefully 
considered early on. The PCB copper content 
is one element of this. Too little copper can 
restrict current flow causing constriction 
resistance. Appropriate copper trace sizes 
decreases bulk resistance, allowing for 
cooler temperatures and less loss. Otherwise 
that heat could be “sinked” to the connector 
interface, increasing reliability concerns. 
Power supply manufacturers are very cre-
ative in supplementing PCB structures with 
features to alleviate thermal and constric-
tion concerns. In addition, as systems are 
packaged into smaller boxes with more 

components, it is critical to ensure proper 
management of air flow around connectors 
which are positioned at the intersection 
point (such as between a power supply and 
a server) and can block the free flow of air. 
Ample air flow around and through the 
connector helps cool the power contact, al-
lowing for more current and/or an increased 
margin of safety. 

At the same time, connectors are some-
times located at key points and block 
airflow. Cooling connectors is not high on 
the list of priorities for designers when con-
sidering air flow. With operational safety in 

mind, the designer 
needs to consider the 
entire system and its 
power architecture 
to understand what 
potential may exist, 
from end to end, for 
constriction areas 
and voltage drops 
that affect ther-
mal and electrical 
performance. Typi-

cally, a maximum 30mV drop defines the 
threshold of thermal stability for a power 
contact. Once this threshold is crossed, the 
probability of thermal instability increases 
significantly. Manufacturers of innovative 
connector designs are working with their 
customers to develop improved power 
interconnect solutions for safe operation 
and reliable performance in smaller spaces 
at higher temperatures over long product 
life.  New designs incorporate new alloys and 
moulding resins, plating, improved contact 
technology, all to increase current density 
without sacrificing safety and reliability.

Risk mitigation
Connector manufacturers have tradition-

ally based current ratings on their products’ 
electrical performance tested under ideal 
circumstances. These published ratings, 
while accurate for what they measure, rarely 
tell the whole story because they fail to take 

into account the various con-
ditions and interactions that 
will affect the environment in 
which the connector actually 
will be operating. As a result, 
a common practice among 
OEMs has been to de-rate the 
connectors in order to build in 
a thermal safety margin over 
product ratings published in 
the connector manufactur-

ers’ literature. Many use a simple approach, 
testing a smaller circuit count along with 
a longer one and charting a range of T rise 
versus current showing lower current carry-
ing capability as the circuit count increases. 
Some customers assign another arbitrary 
percentage, so if a connector supplier sub-
mitted a product rated at say 100A, the user 
would automatically de-rate it by 30 percent 
to ensure a built-in safety margin against the 
possibility of overheating.

Today’s leading connector providers 
understand this and will work closely with 
OEMs and their design team to match their 
connector selection to the specific applica-
tion, based on scientific testing and perfor-
mance analysis under real-world application 
conditions.  

To provide accurate ratings, top manufac-
turers conduct extensive testing and predictive 
modelling, such as Joule Heating FEA (finite 
element analysis) and CFD software (Computa-
tional Fluid Dynamics) with inputs pertaining 
to the connector, the PCB geometry and mate-
rial properties, current, contact resistances (ac-
tual test data) and air flow. In this way, they can 
estimate the performance of each of their inter-
connect products and provide reliable counsel 
to customers as to which of their products 
would be the best match for the application 
requirements. It is not practical to simulate and 
or test every possible environment but these 
models can help guide designers to smarter 
choices in a shorter amount of time.

 
Power integrity planning

The benefits of proactive power integrity 
engineering simply cannot be overstated. Gain-
ing a clear understanding of all the require-
ments early in the design phase, before specify-
ing interconnect components, can help ensure 
the right decisions and avoid costly missteps. 
Most importantly, high quality power integrity 
engineering enables OEMs and their product 
designers to maximize the performance, reli-
ability and safety of their products, resulting in 
higher sales and customer satisfaction.  n

Light copper can restrict current flow by constriction resistance (left) while 
how heavier copper allows better current flow due to less resistance (right).
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50A over 10 contacts with 283.5g copper 
PCB; contact +52.8°C at 20°C ambient.

50A over 10 contacts with 567g copper 
PCB; contact +42.5°C at 20°C ambient.
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Souriau has extended its RoHS Zinc Nickel 
protection to its latest range of miniature cir-
cular connectors, the micro38999 series. This 
gives the range three key advantages: record 
compactness on the market of connections 
for harsh environments (-50% of compact-
ness as compared with size 9), specifications 

in line with a military standard and an envi-
ronmentally friendly RoHS protection.
Zinc nickel plating also has the advantage 
of being backed up by a recognized standard 
(American Society for Testing and Materials, 
ASTM B841 for Zinc Nickel).
Souriau www.souriau.com

Miniature circular connectors
with RoHS zinc nickel protection

MSC Vertriebs GmbH is making available 
Hirose’s DF59 multifunctional connector, 
which is applicable for wire to board power 
supply connections and board to board 
‘bridge’ connections. In addition a short-
ening plug version is available. Only one 
type of receptacle is needed, irrespective of 

whether the 
cable plug or 
board mount 
plug is used, 
allowing a 
reduction in 
the number of 

components needed. DF59 has a pitch of 2.0 
mm or 4.0 mm, dependent on the applica-
tion and the related requirement such as 
higher clearance and creepage distances for 
power supply applications. The connection 
system can be applied with 3 A by using the 
defined cable gauge with AWG 22 (Ø 1.26 
mm / UL1061).The voltage is specified with 
100 V or 230 V dependent on the pin size 
used. DF59 is currently available in 2, 3 or 4 
and 6 positions which satisfy a broad range 
of lighting applications. The low mated 
height of 2.5 mm and overall small size of 
8x9mm (3 pos wire to board) targets bright 
lighting applications where many narrowly 
mounted LEDs are used. The compact size of 
the connector prevents formation of shades 
and the natural white color of the molding 
material makes DF59 more invisible. The 
board to board ‘bridge’ connector is ganged 
by a “friction lock” system. This has a float-
ing structure to allow a tolerance of +/- 0.5 
mm, in all three triaxial directions allowing 
greater flexibility during the installation 
process.Typical applications for DF59 are 
LED lighting, battery connections, small DC 
motor drives, power supplies.  
MSC Vertriebs

www.msc-ge.com 

LED lighting connector
helps reduce component count

Sensible Solutions... Fast!

Tel: +1 215 781 9956
Fax: +1 215 781 9845
e-mail: europe@arieselec.com

http://arieselec.com/products/correct.htm

ISO 9001
Certified

Correct-A-Chip™ 
Makes It Easy!
Aries Correct-A-Chip lets you take advantage of
device enhancements, or dodge the problems of chip
obsolescence without board rework, redesign or delays.
With Correct-A-Chip, you can change from one
footprint or package type to another, from surface 
mount to through-hole, from one pinout to another, 
or even add additional componentry and circuitry– 
all in the same space! Now available in both
standard and RoHS 
compliant versions!

Visit our web site 
or call us.
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The Flexi-Mate connector 
system from Molex is designed 
to address the backlighting 
needs of LED TVs, as well as 
room lighting applications. The 
3.70mm pitch connector system 
enables the 
secure place-
ment of 
LEDs on in-
terconnect-
ing panels 
across the 
full width of 
a TV display or lighting fixture. 
The 3.00 mm mated height 
provides optimal design flex-
ibility in thinner, space-saving 
applications. The Flexi-Mate sys-
tem delivers a 25 percent lower 
profile than other LED connec-
tor products on the market, 
claims the company. It includes 
coplanar board-to-board connec-
tors used to snap together small 

panels containing LED lights. 
The system includes a wire-to-
board option to connect the LED 
boards to the main power board. 
A terminating connector used as 
a shorting device completes an 

open-loop signal. 
Currently avail-
able in a stan-
dard two-circuit 
design, Flexi-Mate 
Connector System 
key features in-
clude a dual-con-

tact terminal design for secure 
electrical contact and robust, 
space-saving positive side locks 
for wire-to-board connectors. A 
mating guide on PCB versions 
facilitates smooth mating and 
protects terminals during mat-
ing and unmating.
Molex

Board- and wire-to-board connector
for LED applications

 www.molex.com

Trans data elektronik launched 
(tde) a 1/2 rack unit comprising 
an optical monitoring box for 
the control of up to 12 full-du-
plex fibre-optic lines by passive 
access, without disturbing the 
data transmis-
sion of the net-
work. Be it either 
for Voice over IP, 
video conferenc-
ing or security 
applications, an accurate net-
work monitoring is required to 
ensure a constant availability.
The optical monitoring box is 
used to split a fibre optic port 
into two ports: on the reverse 
side of the box the monitored 
fibre optic line is “guided 
through”. In the box, all the 
fibres are split. Therefore, the ad-
ditional ports can be connected 
to monitoring devices that allow 
a passive monitoring of the net-
work traffic. The box supports 

the monitoring of 12 LC duplex 
ports on a half rack unit (U) at 
data transmission speeds of 10 
Gigabit per second. tde’s optical 
monitoring boxes offer a very 
good optical performance, so 

that the available 
loss budget will 
not be unnecessari-
ly burdened. There 
are multimode 
and singlemode 

versions available and even the 
combination of both transmis-
sion media in a box is possible 
upon request. As a standard 
connector the LC-duplex is used 
but other connectors can be 
implemented on demand. Due 
to the usage of MPO/MTP multi-
fiber connectors for instance, a 
port density of up to 24 duplex 
ports can be realized.
Trans data elektronik

Optical monitoring boxes
for permanent network control

www.tde.de

Recognizing the importance 
of cable harnesses as a pivotal 
component in today’s cars and 
aircraft systems, design software 
vendor Mentor Graphics has sig-
nificantly enhanced its Capital 
Harness software suite to cover 

the entire product life cycle from 
definition to workshop service.
The existing software for cable 
harness design will be comple-
mented by three components 
which extend the workflow to 
upstream and downstream seg-
ments. The complete tool suite 
covers cable harness complexity 
management, manufacturing, 
documentation and servicing of 
vehicles. The move reflects the 
increasing importance of cable 
harnesses in today’s vehicles: 
The cable harness is not only the 
second heaviest component in 
cars today; it is also the lynch-
pin for the individualization 
and differentiation of the cars, 
which in turn is the key to the 
market strategy of many OEMs. 
The increasing number of car 
options and variants translates 
into an enormous complexity in 
the harness, since each option 
requires a different version of 
the harness. 
Two of the new tools introduced 
by Mentor address the complex-
ity topic. The first one, Capital 
Level Manager, helps designers 
to minimize the costs caused by 
the complexity of the configura-
tions. It is based on a property-
oriented design paradigm and 
produces a numerical feedback 
of the complexity and the result-
ing costs. Connecting market-
ing and engineering aspects, 

it aligns configuration and 
product marketing intentions.  
The second new tool also ad-
dresses complexity. While it also 
supports conventional superset 
approaches Capital Modular 
XC focuses more on modular 

processes, allowing designers to 
generate several configuration 
options based on harness frag-
ments. The tool will typically be 
used in the production phase. 
Mentor already announced to 
introduce further software tools 
aiming at this phase of the prod-
uct life cycle. Capital Publisher is 
another tool of the newly formed 
suite. It speeds the documenta-
tion of electrical systems as well 
as repair and service. It aggre-
gates data about the electrical 
design such as circuit schematics, 
cable lists etc in comprehensive 
formatted electronic documenta-
tions. In this, it can read in data 
from upstream processes or from 
third-party suppliers. The system 
also can select the data to visual-
ize according to the respective 
make and model of the vehicle. 
On top of this product roll-out 
Mentor announced to offer inte-
gration options for further exist-
ing tools into the Capital product 
suite. In addition to the automo-
tive industry, the software can 
also be used on other industries 
where cable harnesses and the 
diversity variants are business 
critical. Examples are aviation 
and defense industry, commercial 
vehicles production as well as, to 
a certain extent, shipbuilding.
Mentor Graphics 

Cable harness engineering suite
from definition to workshop service

www.mentor.com
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The Han(R) 24 HPR EasyCon 
from Harting is a high-current 
connector designed as an opti-
mum solution to the demanding 
requirements of motor drive 
applications 
in the railway 
industry.
The new con-
nector offers 
simple, swift 
and certain 
assembly to respond to the grow-
ing trend in the rail technology 
sector towards pluggable motor 
applications. The Han(R) 24 HPR 
EasyCon is based on the size 24 B 
Han(R) HPR series housings, but 
differs in essentially comprising 
a two-piece surface-mounted 
housing and hood. Dividing the 

housing into an assembly cover 
and a housing body results in an 
‘open’ system which consider-
ably simplifies the assembly 
while offering substantial 

advantages, 
particularly for 
shielded cables. 
The new con-
nector allows a 
secure and vis-
ible assembly 

of the cable’s shield braid thanks 
to a newly developed cable 
clamp. The Han(R) HC modular 
350 high-current contacts are 
used to handle the actual power 
transmission.
Harting

High-current connector 
for simple assembly in rail applications

www.harting.com

Lattice Semiconductor and 
Flexibilis Oy have announced 
the immediate availability of 
the Flexibilis Ethernet Switch 
(FES) IP core. The triple speed 
(10Mbps/100Mbps/1Gbps) FES 
IP cores operate on Ethernet 
Layer 2 and can 
switch with 
gigabit forward-
ing capacity 
per port. Data 
forwarding 
and classifica-
tion inside the 
switch is based 
on MAC address 
information in 
the packets and 
the prioritisa-
tion scheme. Quality of service 
is supported with up to four 
queues per port. This Ethernet 
switch IP core is available in 
five versions that vary in their 
number of ports and functional-
ity; from 3, 4 and 8 FES ports, 
and the HSR QuadBox and 
RedBox versions. The FES with 
HSR IP cores enables designers 

of substation automation and 
industrial networking applica-
tions to apply the emerging 
High Availability Seamless 
Redundancy (HSR) protocol us-
ing LatticeECP3 FPGAs. This IEC 
protocol (IEC62439-3) claims 

to provide 
cost effective 
redundancy 
with no 
single point 
of failure and 
zero recovery 
time in case 
of failure. 
Target ap-
plications 
include 
smart grid 

substation automation and net-
worked industrial automation 
gear, as well as in high availabil-
ity network equipment. The FES 
IP cores are equipped with IEEE 
1588 version 2 end-to-end trans-
parent switch functionality. 
Lattice Semiconductor

Ethernet IP core
with high availability seamless recovery

www.flexibilis.com

Connector manufacturer and 
supplier ITT Interconnect Solu-
tions has announced a connector 
series developed to drive forward 
increased specifications in many 
new and future customer prod-
ucts. Trident 
High Voltage 
connectors 
are aimed at 
applications 
such as elec-
tric vehicles 
and indus-
trial devices 
which require robust and secure 
interconnects able to handle 
high power and high voltage in a 
small form factor interconnect.
Based on ITT ICS’s Trident Nep-
tune connectors, the new Tri-
dent High Voltage series has a ro-
bust and shielded metal housing 
which is fully RoHS compliant, 
yet is 10% smaller than compa-

rable interconnects, saving both 
space and weight. Trident High 
Voltage connectors feature a new 
insulator body design which 
enables them to cope with an 
operating voltage of 500V (AC 

and DC) and 
a maximum 
operating 
current of 
34A (for 
wire size 
4.0mm at 
20ºC. Safe 
and reliable, 

Trident High Voltage connectors 
are fully VDE certified with 6KV 
rated impulse voltage. When 
mated, they remain sealed in 
conformance with IP67 against 
dust and water ingress up to a 
depth of 1m. 
ITT Interconnect Solutions

High voltage connectors
500V for the automotive, industrial markets

www.ittcannon.com

TE Connectivity’s compressive 
3.5mm A/V jack fits in various 
mobile and other small form 
factor devices. The compres-
sive contact design allows for 
floating connectors, therefore 
avoiding solder joint breakage. If 
damage is done to the connector, 

it can be easily replaced in the 
service center without soldering, 
thus saving the cost of service.
The switch contact design of 
the connector enables wiping 
action, which helps increase the 
reliability of the switch func-
tion. 

And the switch contact posi-
tion offers enhanced protection 
from dust or other contamina-
tion, therefore increasing the 
connector’s durability. More-
over, the connector design is 
highly resistant to contact push 
out during insertion thanks to 

perpendicular contact insertion. 
The durable design allows for 
6000 mating cycles, double con-
tacts provide increased unmat-
ing forces.
TE Connectivity

Compressive 3.5mm A/V jack
for small form factor devices

 www.te.com
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Paper photovoltaic cells  
ready to take-off
By Julien Happich

AMONG THE MANY FACETS of foil-based 
flexible electronics, thin-film organic 
photovoltaic (OPV) cells are drawing a lot 
of attention from researchers. Even at about 
half the efficiency of rigid silicon or gallium 
arsenide-based photovoltaic panels, new 
organic materials suited for roll-to-roll print-
ing processes could beat them on economic 
grounds, weight and scalability.

In its recurrent industry reports, ID 
Tech Ex the exhibition organizer of Printed 
Electronics & Photovoltaics Europe, expects 
OPV to become sooner or later the dominant 
technology in the thin film PV market.  
Several substrates are competing to replace 
glass, such as PET/PEN for lower processing 
temperatures, transparent polyimides, glass 
fibre reinforced polymers, or even metal 
foils.

Ascent Solar for example, is already 
commercializing thin-film CIGS (copper 
indium gallium di-selenide) cells on a flex-
ible polyimide-substrate for high volume 
applications on roof-tops. German company 
Heliatek uses PET foil and a low temperature 
process to develop very low cost semi-trans-
parent photovoltaics that could be laminat-
ed on glass. The foils would combine power 
generation with adjustable shading proper-
ties on window panes, acting as progressive 
curtains. 

In a joint R&D-project with the Tech-
nische Universität Dresden (IAPP) and BASF 
SE, Heliatek presented efficiencies over 8% 
for tandem solar cells combining oligothio-
phene-based absorbers (in the red and green 

spectrum bands). The com-
pany bets on the solvent-free 
vacuum deposition of small 
organic molecules and laser 
scribing to bring large scale 
manufacturing in a roll-to-
roll process at a width up to 
one meter. It is aiming at an 
efficiency of over 10% and 
expects its first products early 2012 on a roll 
width of 300mm. 

Using its own polymer chemistries, Mas-
sachusetts-based company Konarka has just 
announced what it believes to be the largest 
OPV installation (about 16.5 square metres 
in seven window panels measuring each 
1.4x1.7m), covering both the South and East-
facing glass walls of its new Bedford facility 
with its commercial offering dubbed Power 
Plastic. The solar windows are connected to 
the grid via inverters. Such building-inte-
grated photovoltaic curtain walls have the 
potential to deliver more electrical output 
than roof-top only installations, especially 
on tall buildings that have a high aspect-
ratio. The coloured semi-transparent solar 
installations are lightweight and can be 
laminated inexpensively onto glass. The 
company has demonstrated organic PV cells 
with a solar energy conversion efficiency of 
8.3%.

One big advantage of the roll-to-roll 
processes used in the manufacture of OPVs is 
their relatively low equipment cost com-
pared with the high-temperature processes 
needed to grow crystalline Si or GaAs; OPVs 
are less energy intensive too. This means 
that the total production costs of organic 
solar cells are often dominated by the cost of 
materials (foil, barrier, organic compounds) 
rather than by process equipment, hence 
less upfront costs and possibly a competitive 
manufacturing cost per watt capacity.

A recent spin-out from Cambridge 
University, Eight19 focuses on high speed, 
ambient temperature manufacturing 
techniques to create lightweight, non-toxic, 
flexible solar films. The company wants to 
leverage the low production costs inherent 

to existing roll-to-roll printing and coating 
processes used in the packaging printing 
industry. It positions itself as a provider of IP 
integration and manufacturing know-how 
for the design of custom solutions using 
commercial photoactive nanomaterials. 

As Eight19‘s CEO Simon Bransfield-Garth 
puts it, with traditional solar cells, you pay 
for 25 years of electricity up front and then 
you try to recoup these costs over the PV 
panels’ lifetime. Using existing ambient-
temperature printing and coating processes 
could enable the high-volume manufacture 
of OPVs to address a huge off-grid market 
currently unavailable purely on economic 
grounds, cutting short the capital expendi-
ture problem.

Professor Arved C. Hübler from the 
Institute for Print and Media Technology at 
Chemnitz University of Technology takes 
paper as the cheapest possible substrate to 
meet common printing requirements and 
envisions changing the economics of solar 
energy. Inspired by nature’s seasonal solar 
energy conversion capabilities, Hübler’s 
team has spent the last three years devel-
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Konarka’s Power Plastic® semi-transparent photovoltaic sheets can 
be used to laminate glass walls. Credit George Disario.

Heliatek’s PET tandem solar cell could combine 
power generation with adjustable shading proper-
ties on window panes.

Startup Eight19 is to design custom foil-based OPVs 
using commercial photoactive nanomaterials.
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OVER THE LAST DECADE, electronic prod-
ucts have become increasingly complex and 
dense as they support more functions into 
dramatically reduced footprints. The need 
for flexible circuits has grown exponentially, 
since they are often the preferred solution to 
achieve package weight-reduction, com-
pared to rigid planar boards. 

They are also easier to manufacture, 
reducing total assembly time while driving 
down cost and errors. Through their proven 
suitability for handling more than 25 point 

to point wires connections, flexible PCBs 
also provide greater system reliability. Addi-
tionally, their main advantage is their ability 
to bend in order to accommodate the most 
cramped environments, enabling denser 
component layouts within the specified me-
chanical constraints of consumer products. 

This makes flexible PCBs suitable for use 
in almost all electronics-based equipment, 
from consumer products such as digital cam-
eras, computers and hard drives, to internal 
medical devices and military equipment. 
Several generations of notebooks, tablet 
computers and other devices have been 
able to slim down while increasing their 

functionalities thanks to flexible layouts and 
interconnects.

Reducing the design cycle
Looking at how some flexible PCBs 

are designed today, and considering their 
development cycles, it is clear that there is 
considerable room for improvement. When 
Dassault Systèmes started to work on this 
subject with a leading Japanese worldwide 
consumer electronics company, we soon 
realized that their design process was slow, 
extremely complex and time consuming.

The first steps of the development process 
were purely manual and involved placing 

Manuel Rei is industry solution leader for col-
laborative mechatronics engineering solution 
Dassault Systèmes - www.3ds.com/hightech

oping printed paper photovoltaics (3PV), 
focusing on the renewable aspect of solar 
cells more than on their longevity (like the 
low-efficiency renewable leaves of a tree). 

According to the researcher, this ap-
proach is the only way to answer the 
pressing energy needs of billions of people 
who can’t afford a connection to the grid in 
emerging countries or who live in remote 
places. It is about finding the right balance 
between production costs and efficiency, and 
looking at high efficiencies with costly mate-
rials won’t solve the problem, he says. 

Today, the German laboratory is about to 
publish its results on 3PV with an efficiency 
of 1.3%. Its first commercial goal would be to 
reach 3.5% for printed paper in a non-clean 
room environment. Printed paper photovol-
taics would bring a whole new concept to 

off-grid energy. One could buy hundreds of 
3PV-sheets locally produced by conventional 
print shops, clip the sheets to wires and 
connect them to a power management box 
to tap the energy. After several months of 
use (variable depending on climate condi-
tions), the damaged sheets could be changed 
and recycled. Such an approach would only 
require low investments and would work via 
decentralized local businesses.

Interestingly, the Massachusetts Institute 
of Technology is also working on using pa-
per as a substrate, chiefly to reduce the cost 
and weight of solar cells. Professor Karen 
K. Gleason, associate dean of engineering 
for research in the department of chemi-
cal engineering, presented her results with 
various paper substrates, from tissue paper 
to newsprint. Using a layered approach of 
BCP (bathocuproine), fullerene (C60), copper 
phtalocyanine (CuPc) and PEDOT sand-

wiched between silver and ITO electrodes, 
the paper cell prototypes are manufactured 
through step-growth polymerization us-
ing oxidative chemical vapour deposition 
(oCVD) under vacuum. 

This roll-to-roll vapour-printing approach 
is temperature-controlled in the fairly low 
20 to 100ºC range and yields no defects or 
residual solvents, hence the process is not 
affected by wettability issues, explained 
Gleason. “It is as if the oCVD was shrink-
wrapping the individual paper fibres”, 
commented Gleason, “this makes the paper 
photovoltaic cells very homogeneous in 
their bulk. Hence they are easy to handle, 
can be stapled or glued to any support and 
are still functional when folded”. 

A 7x7cm monolithic solar array was 
shown, clipped to a voltmeter, it was then 
folded into a paper plane, still delivering 
sub-micro amps of current.  n

An early version of the 3PV approach from the 
Chemnitz University of Technology, with a silver 
electrode, P3HT-PCBM as the active layer and 
PEDOT as the transparent electrode.

The MIT’s oxidative chemical vapour deposition works on any paper substrate, from tissue paper to 
newsprint. The paper cells are still functional when folded.

3D modelling integrates flexible PCB design
By Manuel Rei
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the flexible PCB assembly within the prod-
uct. Even today, some companies are still 
making paper PCBs by hand, and check the 
components’ positions manually through-
out the product’s physical mock up stages. 
Following this procedure, 2D drawings were 
generated and shared with the ECAD design-
er for component placement and routing.  

Within this outdated methodology, 
mechanical and electronic design processes 
were conducted separately. Only late in the 
development cycle was it possible to ex-
change critical design data between MCAD 
and ECAD systems. The limitations in data 
exchange and the lack of co-design func-
tionality resulted in the need for additional 
design iterations, driving up development 
times and costs.

3D adds flexibility
Designing a flexible PCB and making it 

fit into a complex mechanical housing is 
a significant challenge. It requires using a 
sophisticated application of mechanical 
and electronic CAD tools in order to address 
the design challenges and removing data 
exchange limitations. Using CATIA 3D Flex-
ible PCB Design, the end-to-end process is 
100% digital. There are no workflow breaks 
or manual operations – figure 1.

A typical use case scenario is to design the 
mechanical housing, including the shape 
of the flex board using CATIA. Hardware 
assemblies containing rigid and flexible 
boards, and mechanical components are de-
veloped first. The flexible PCB board outline 
is created by mechanical designers using 
CATIA which also acts as a unified reposi-
tory for evolving designs. 

This means that the PCB board designs 
created in CATIA remain as digital models 
throughout their development cycle. The 
PCB board outlines can be flattened and 
folded back to their original 3D position. 

Critical components 
are placed in 3D and 
thereby benefit from 
a 3D virtual mock-
up of the product. 
This allows them 
to be located on the 
board in the correct 
location, first time 
– see figure 2. 

In many cases 
stiffeners will be 
added to the 3D 
virtual board model. 
Constraint areas are 
then added in 3D 
and the flexible PCB 
board is flattened 
using CATIA. 

This flattened view of the flexible PCB 
contains all 3D design information, along 
with the components and constraint areas. 
Data is exchanged with the electronic 
designers and the flexible PCB model is 
translated to ECAD via an IDF file. All 
remaining electrical components are placed 
and coppers/wires are routed in ECAD. 

Electronic circuit design and electrical 
constraints are forward-annotated to the 
flex board shape and the board outline is 
created. Automatic placement of electronic 
components and routing is available. After 
completion of the board layout, design rule 
checks are applied, and the board layout is 
forwarded to the MCAD system. Comparing 
this new design to the previous one and up-
dating the MCAD session is key to increas-
ing user efficiency. 

Components and copper traces are 
imported and added to the design and then 
folded back to their 3D position. Finally, the 
flexible PCB can be validated against the full 
3D virtual mock-up – see figure 3.

Cutting design times by 5

Dassault Systèmes’ customers that have 
implemented this design approach using 
CATIA Flexible PCB Design have claimed 
to have reduced their design time cycle by 
up to 80%. Concurrent mechanical and 
electronic design of flexible PCBs facilitates 
an optimum floor planning and routing on 
flexible boards, potentially reducing their 
size. Designing the flexible PCB in context 
with the 3D virtual product mock-up allows 
design iterations between MCAD and ECAD 
to be minimized. 

This makes it possible to achieve right-
first-time design, and reduces the need for 
physical prototypes. The 3D and flattened 
views of the flexible PCB will be used in 
downstream applications such as draft-
ing and manufacturing. In case of design 
change, modifications are propagated seam-
lessly, leading to significant development 
cost reduction. 

These benefits allow Flexible PCB Design 
users to obtain a quick return on invest-
ment. As an example, a worldwide leading 
cell phone manufacturer could reduce its de-
sign time from 5 days to less than one day for 
a new flexible PCB, thanks to the complete, 
end-to-end, 100% digital integrated design 
process provided by Flexible PCB Design.

Dassault Systèmes works closely with 
its users to improve their process coverage 
as well as their product functionality and 
reliability.  Considering the remaining space 
inside a device such as a car radio or a GPS 
system, it is easy to understand why using 
an application like Flexible PCB Design pro-
vides users with the ammunition to create 
globally competitive products.  n

Fig. 1: The end to end 3D design process in CATIA.

Fig. 2: Critical components are placed in 3D 
to ensure they respect the mechanical design 
constraints.

Fig. 3: The flexible PCB can be validated against 
the full 3D virtual mock-up.
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Exploring bend gesture control for  
future flexible phones 
By Julien Happich 

AN ADVANCED “THIN-FILM” flexible paper computer has been 
developed through collaborative efforts of researchers at Queen’s 
University in Ontario, Canada, and Arizona State University. Called 
PaperPhone, it’s described as a “flexible iPhone” by its inventor, Roel 
Vertegaal, the director of the Human Media Lab at Queen’s Univer-
sity.

“This computer looks, feels and operates like a small sheet of 
interactive paper,” Vertegaal says. “You interact with it by bending 
it into a cell phone, flipping the corner to turn pages, or writing on 
it with a pen.” Leaders of the Queen’s University and ASU research 
groups also plan to demonstrate at the conference a thin-film wrist-
band computer called Snaplet. 

Hardware for a prototype of the thin-film computer/phone device 
has been provided by Nicholas Colaneri, director of ASU’s Flexible 
Display Center, and Jann Kaminski, a display engineering manager 
at the center.

An interactive gesture-recognition system for the PaperPhone has 
been developed by Byron Lahey, a doctoral student in ASU’s School 
of Arts, Media and Engineering, and Winslow Burleson, an assistant 
professor in the School of Computing, Informatics and Decision Sys-
tems Engineering, one of ASU’s Ira A. Fulton Schools of Engineering.

“Using real-time sensing and modelling of dynamic inputs we 
were able to develop and evaluate an entirely new array of interac-
tions on a first-of-its-kind mobile platform,” says Burleson, who spe-
cializes in human-computer interaction and leads the Motivational 
Environments Research Group.

“This allows natural bend gestures and 
interaction on the Paperphone display to 
navigate through maps, contact lists, or 
music play lists, in ways that resemble how 
such content appears on paper documents,” 
he explains. “You fold or bend the page to 
move forward in a book. Now, with this 
device, you can do that on your phone, 
too.” Using a 9.5 centimetre diagonal thin-
film flexible electronic ink display, it does 

everything a 
smartphone 
does, including 
store books, 
play music or 
enable phone 
calls, Vertegaal 
says. 

The flex-
ibility of the 
display makes 
it more por-
table than any current mobile computer, and it could be made to fit 
the shape of a pocket, he says. The ability to store and interact with 
documents on larger versions of the light, flexible computers could 
mean offices will no longer have to rely on paper or printers.

The initial prototype featuring five integrated bend-sensors was 
designed to allow users to build 
their own bend gesture vocabu-
lary, allowing the researchers to 
study their preferences for map-
ping specific bend gestures to 
specific actions on the flexible 
display. 

The studies revealed that us-
ers had a strong preference for 6 
out of 24 bend gesture pairs and 
in general, users selected indi-
vidual bend gestures and bend 
gesture pairs that were concep-
tually simple and less physically 
demanding. 

For actions with a strong 
directional cue, there was strong 
consensus on the polarity of the 
bend gestures. n

The PaperPhone prototype created at Queen’s University 
Human Media Lab has a flexible E Ink display featuring 
bend gesture input recognition.

The array of bend sen-
sors on a flexible PCB.

Precision & Reliable 
Ultimate Thin Film 
Chip Resistors

Susumu established in 
Kyoto, Japan in 1964 has 
been the industrial leader 
in thin film resistors for 
over 45 years, enjoying the 
largest share of the thin 
film resistor market in the 
world. 

Products
Thin film resistors/networks
Low resistance resistors
Power choke coils
High frequency components

www.susumu.de

+49-6196-9698407

Printed passive memory array reaches 40-bit
The Thinfilm passive memory array from Thin 

Film Electronics is a fully printed non-volatile 
rewriteable memory suitable for secure docu-
ments. The passive array architecture separates 
the memory from the read/write electronics and 
dispenses with the need for active circuitry within 
the memory array and memory cell, making it 
suitable for very high-volume manufacturing and 
consumer applications. The ferroelectric polymer-
based 40-bit memories are in test production, and 

engineering samples will be available later this 
year. Higher density memories are under develop-
ment, with planned production in 2012 (up to 
121-bit per memory array) to meet the needs of 
secure archiving, ticketing, and other applications 
that demand encryption or user-programmed 
stored IDs. The company is also prototyping ad-
dressable array memories that include printed

transistors to drive logic for reading and writing 
data to the memory cells.  n
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Singapore-based medical 
diagnostics company Veredus 
Laboratories, a provider of 
molecular detection tests, and 
its technology partner, STMicro-
electronics, announced the com-
mercialization of 
VereFoodborne, a 
Lab-on-Chip ap-
plication that is 
able to detect 10 
to 12 food-borne 
pathogens in one 
test, including 
the Shiga toxin-producing Esch-
erichia coli (E. coli) responsible 
for the recent severe food poi-
soning outbreak in Europe.
The ability of the VereFoodborne 
chip to simultaneously lock on 
multiple segments of the genes 
of food-borne pathogens enables 
it to identify bacteria and viruses 
with a much higher degree of 
confidence compared to other 

tests. This capability is made 
possible with a microarray on 
the chip that allows it to detect 
multiple pathogens in one test, 
saving time and resources over 
existing approaches.  With 

VereFoodborne, 
health authorities 
can speed up their 
investigations of 
food-borne poison-
ing outbreaks. 
Major food compa-
nies, on the other 

hand, vigorously test all their 
ingredients pre and post process-
ing. The traditional method, 
which takes much longer to 
complete, means that perishable 
ingredients need to be held-up 
longer in storage while their 
shelf-life clock is ticking away.
STMicroelectronics

Lab-on-chip platform
differentiates several food-borne pathogens

www.st.com

Sensortechnics’ new KMA series 
measures gage pressures of cor-
rosive and aggressive gases and 
liquids in ranges from 500 mbar 
to 100 bar. These pressure sen-
sors use internal digital signal 
conditioning to 
deliver calibrated 
and temperature 
compensated 0.5 
to 4.5 V output 
signals. The 
KMA sensors 
are based on very accurate and 
long-term stable ceramic pres-
sure cells with excellent media 
compatibility.
The small stainless steel sensor 
housing, with a G 1/8 (BSP) 
threaded pressure port, is well 
suited for space-saving inte-
gration into demanding OEM 
devices and machines. The KMA 
series offers different options in 
order to adapt the sensors to the 
specific customer application. 

The selection of the right o-ring 
material (e.g. NBR, FKM, others 
on request) ensures best compat-
ibility with the process media. 
An optional parylene coating of 
the ceramic pressure cell allows 

for an additional 
protection against 
particularly ag-
gressive fluids and 
harsh environ-
ments. Further, 
custom pressure 

ranges and a wide selection of 
pressure fittings are readily 
available. For the safe pressure 
measurement of gaseous oxygen 
Sensortechnics offers special 
manufacturing and cleaning 
processes which ensure the 
KMA sensors are free from oil, 
grease and other combustible 
contaminants.
Sensortechnics

OEM pressure sensors
from 500mbar to 100bar with custom options

www.sensortechnics.com

Saft is launching its new VES16 
lithium-ion (Li-ion) space cell 
specifically developed and quali-
fied for Low Earth Orbit (LEO) 
satellite missions. The new 
VES16 is a low capacity cylindri-
cal cell that has been developed 
and qualified by Saft for LEO 
missions in a project that has 
been partially financed by 
France’s CNES (Centre National 
d’Etudes Spaciales).
The cell features the same nick-
el-based oxide Li-ion chemistry 
that has been demonstrated to 
deliver an extended service life 
on Saft’s extensively spaceflight 
proven VES140 cells that are 
already operating on a number 
of successful satellite missions.
The VES16 cell has a nomi-
nal capacity of 4.5 Ah with a 
specific energy higher than 155 
Wh/kg. The cell is designed to 
provide the building blocks for 
the creation of onboard battery 
modules to cover a large range 
of satellite power requirements. 
During the proving tests, the 
new cell has completed 15,000 
LEO cycles to date – the tests 

are still continuing. It has also 
demonstrated the capability to 
support 22 GEO seasons with 
minimal fading (a loss of less 
than one percent).
VES cells are manufactured 
in Saft’s facility in Bordeaux, 
France and are assembled into 
battery modules in Saft’s facility 
in Poitiers. The VES16 cells will 
be commercially available by the 
end of 2011. Saft battery mod-
ules work in conjunction with a 
LEO satellite’s solar array to pro-
vide the electrical power for its 
onboard electronics. When the 
solar array is fully exposed to the 
sun it will provide the satellite’s 
power as well as charging the 
batteries. When the solar array 
is ‘eclipsed’ by the earth, with 
no direct sunlight, the batteries 
will power the satellite. LEO 
satellites have a typical period 
of around 90 minutes, so this 
charge and discharge cycle is 
repeated 14 times a day through-
out the mission’s design life.
Saft 

New space qualified Li-ion cell
targets LEO satellite missions

www.saftbatteries.com

Bison’s new IP69K rated stain-
less steel SANIMotor gearmotor 
completely encapsulates all elec-
trical components in thermally 
conductive epoxy resin, allow-
ing its use at up to 40°C ambient 
temperatures. 
The encapsulated 
SANIMotor is 
housed in 304 
stainless steel 
tubing, sealed 
with EDPM rub-
ber o-rings and 
secured with hex bolts to guar-
antee against leaking. Electrical 
termination is completed with 
a removable IP69K ABS cordset 
with a modular, multi-pin power 
connector. Two frame sizes are 

available in 88.4mm and 127.0 
mm for the three-phase, 230V 
SANIMotor. Each frame size 
is mated to 7 standard gearing 
ratios which offer output speeds 
from 345 RPM to 8 RPM with 

rated torques 
ranging from 0.8 
to 56.5 N-m. The 
gearmotor was 
designed for use 
with variable 
frequency drives 
in constant 

torque configuration from 6 to 
60 Hz and constant horsepower 
configuration from 60 to 90 Hz.
Bison Gear

Washdown-safe gearmotor
in IP69K-rated stainless steel housing

www.BisonGear.com
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Jetter AG introduced a video 
signal for rear-view cameras in 
cars. The JXM-MUX bundles up 
to four video signals and offers 
the possibility 
to display one, 
two, three or 
four camera 
images at the 
same time on a 
monitor.
According to 
the vendor, the 
robust design of the JXM-MUX 
meets the requirements with 
respect to ambient temperature, 
shock, vibrations and electro-
magnetic interference of in-vehi-

cle environments. These features 
make the signal splitter suited 
for integration into cars; an ap-
plication example would be rear-

view camera signal 
capturing. All 
cameras with FBAS 
signal output and 
12V power supply 
can be connected 
to the JXM-MUX. 
The device can be 
remote controlled 

through a CAN interface and 
CANopen protocol. 
Jetter AG

Video signal splitter
bundles up to four signals for in-vehicle cameras

www.jetter.de

iWatt has expanded its family 
of DC/DC LED backlight drivers 
with the iW7032 which can 
power up to 32 parallel strings 
of LEDs. The mixed-signal IC 
features iWatt’s digital adap-
tive switching technology with 
integrated MOSFETs.
Adaptive switching reduces ther-
mal overhead and power con-
sumption, while the integrated 
MOSFETs reduce component 
count, form factors and costs 
for dynamic 
backlighting. 
The 32-channel 
iW7032 targets 
mainstream di-
rect or segment-
edge-dimmed 
TVs, while iWatt’s existing 
64-channel iW7040 is suited for 
high-end, direct-dimmed TVs. 
Both drivers are designed to en-
able real cost savings in dynamic 
backlighting, as well as easy 
integration into ultra-thin LED 
TVs. With high voltage support 
(up to 56 V) and adaptive switch-
ing to overcome thermal prob-
lems, the iW7032 is capable of 
driving more parallel strings of 
LEDs from a single IC than exist-

ing solutions, reducing compo-
nent count for TV manufactur-
ers. The iW7032 can drive up to 
32 parallel strings, numbering 
15 LEDs per string, to power 480 
total LEDs from one IC. iWatt’s 
high-voltage support also saves 
the cost of any additional protec-
tion MOSFETs required by ICs 
with lower string voltages.
iWatt’s proprietary digital adap-
tive switching technology solves 
the thermal problems of driving 

a large number of parallel 
strings of LEDs, where a 
significant amount of wasted 
power typically heats the 
inside of the TV and increases 
the chance of thermal-stress-
related LED failures. iWatt’s 

adaptive switching technology 
senses the mismatch of the 
varying forward voltages (Vf) of 
the multiple strings of LEDs and 
adjusts appropriately for each 
string. This reduces the wasted 
power by up to 90%, minimizes 
the heat generated, and enables 
a single iWatt IC to drive many 
multiples of LED strings.
iWatt

LED backlight driver for slim TVs
powers up to 32 parallel strings of 15 LEDs

www.iwatt.com

Libelium completed its Smart 
Cities platform with a new sen-
sor board aimed at measuring 
noise pollution, dust quantities, 
structural health and garbage 
levels. This board may be 
combined in a network 
with previously avail-
able sensor boards, for 
gas monitoring, radia-
tion detection and smart 
parking, thus offering 
a comprehensive range 
of sensors for urban use. 
System integrators can now 
deploy a heterogeneous wireless 
sensor network with a combina-
tion of sensor boards to support 
a comprehensive range of city 
council services.
The sensor board includes four 
new sensors, making it more 
economical for cities to imple-
ment multi-purpose sensor 
networks. A noise sensor detects 
sound pressure level (dBSPL) to 
monitor noise from traffic and 
people. It is suitable for creating 
a real-time noise map of a city. A 
particulate matter (dust) sensor 
measures PM-10 concentrations, 
capable of measuring concentra-
tions down to 0.1 micrograms 
per cubic metre. A crack sensor 

for measuring cracks in public 
structures such as buildings and 
bridges can detect displacements 
as small as 10 micrometres as 
well as oscillations and dilata-

tions. An ultrasound sensor 
capable of measuring garbage 
levels in bins, enables waste 
management services to empty 
rubbish only from bins that are 
sufficiently full thus saving time 
and fuel. The board also includes 
temperature, light and humidity 
sensors. 
The platform is based on 
Libelium’s modular Waspmote 
wireless sensing technology, 
running open source software to 
create custom solutions. Motes 
or nodes in the network commu-
nicate with their gateway using 
ZigBee radio links.
Libelium

Multi-sensor board
completes Libelium’s Smart Cities platform

www.libelium.com

Vector’s Microsar OS Multi-Core 
has been designed as a robust 
operating system for automotive 
applications on multi-core pro-
cessors. It enables independent 
execution of the 
application soft-
ware on mul-
tiple processor 
cores by using 
synchroniza-
tion methods 
and coordinated 
access to common resources.
Static configuration results in 
a compact and very fast kernel, 
making Microsar OS Multi-Core 

optimal for embedded applica-
tions. It can be extended by 
memory protection or execution 
time protection. The operating 
system services provide the 

interfaces known 
from OSEK/VDX 
and AUTOSAR, 
making it easy 
for automotive 
ECU developers to 
use. The new OS 
conforms to the 

AUTOSAR standard.
Vector

AUTOSAR-compliant embedded OS
targets multi-core processors

 www.vector.com
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Win a toy development kit
with printed electronics re-writable 
memory cards

Check the reader offer online at www.electronics-eetimes.com
www.thinfilm.se

This month, Thin Film Elec-
tronics is giving away its toy 
development kit, worth 3,000 
Euros, complete with the tools 
needed to efficiently 
design interactive 
toys and games. The 
Thinfilm Toy De-
velopment Kit con-
tains a hand-held 
reader/writer for 
memory-labelled 
cards, eight samples 
of 17-20-bits 
Thinfilm Memory, 
laminated on card 
and 12 Thinfilm Memory labels. 
A Thinfilm console with colour 
LCD screen and USB connec-
tion makes it easy to update 
software for the game and the 
hardware control. Three sam-
ples of the Thinfilm Memory 
Controller, an application-spe-

cific integrated circuit (ASIC), 
are also provided, together 
with an embedded technology 
demonstration reference game. 

A manual completes 
the package with 
instructions on how 
to develop your own 
software and register 
with General Plus. 
Re-writability allows 
users to save game 
status, scores, and 
the game player’s 
avatar evolution. 
What’s more, printed 

electronics has an absolute cost 
advantage compared to conven-
tional electronics, such as flash 
and EEPROM. The manufac-
turing process is substantially 
cheaper, and material costs are 
typically lower.
Thin Film Electronics

ReaderOffer

LeCroy added a 36 GHz acquisi-
tion module to its LabMaster 9 Zi-
A modular oscilloscope system, 
providing higher bandwidth to 
customers performing optical 
coherent modulation analysis 
at data rates 
of 28+ GBaud 
(112+ Gb/s) 
or for 10 to 28 
Gb/s electrical 
non-return 
to zero (NRZ) 
serial data test-
ing. The new 
acquisition 
module can be 
configured in 
a LabMaster 9 
Zi-A system to 
provide up to 10 channels at 36 
GHz and 20 channels at 20 GHz, 
with analysis memory up to 512 
Mpts/ch. It is also backwards-
compatible with previously 

purchased LabMaster 9 Zi-A 
“Master” acquisition modules. In 
addition, customers needing even 
more bandwidth than 36 GHz 
can purchase LabMaster 9 Zi-A 
modular oscilloscope systems 

that provide up to 
five channels at 
45 GHz. The Lab-
Master 936SZi-A 
slave acquisition 
module is used 
with a LabMaster 
9CZi-A master 
control module 
that contains 
the front panel 
controls, 15.3” 
WXGA display, 
ChannelSync 10 

GHz distributed clock architec-
ture, and server-class CPU.
Lecroy

4-channels 36 GHz acquisition module
for Lecroy’s LabMaster 9 Zi-A

www.lecroy.com

ON Semiconductor’s latest EE-
PROM devices include the high 
density 512 kilobit CAT24C512 
and 1 megabit CAT24M01, 
which have a 1.8 to 5.5V supply 
voltage range. The CAT24C512 
and CAT24M01 employ 256 
byte and 128 byte 
page write buffers 
respectively. Both 
devices support 
standard 100 kHz, 
fast 400 kHz, and 
fast-plus 1 MHz se-
rial I2C protocols. 
These devices are 
manufactured on 
a 0.18 µm low power CMOS pro-
cess at the company’s owned and 
operated Gresham, Oregon facili-
ty. In addition, the manufacturer 
introduced a series of AEC-Q100 
qualified EEPROMs for automo-
tive designs. These devices have 
a 2.5 V to 5.5 V supply voltage 
range and support the standard 

and fast I2C protocols. Both the 
64 kb CAV24C64 and the 32 kb 
CAV24C32 feature 32 byte page 
write buffers, while the 2 kb 
CAV24C02, 4 kb CAV24C04, 8 kb 
CAV24C08 and 16 kb CAV24C16 
incorporate a 16 byte page write 

buffer. These 
devices are manu-
factured on a 0.35 
µm process. All of 
the new EEPROMs 
feature a 100 year 
data retention 
period and support 
for 1,000,000 pro-
gram/erase cycles. 

The operating temperature 
range of these serial EEPROMs is 
-40 to +125 °C. The CAT24C512 
and CAT24M01 are available in 
Pb-free, RoHS compliant SOIC-8, 
TSSOP-8 and PDIP-8 packages.
ON Semiconductor

EEPROM portfolio expanded to 1Mb
operates in the 1.8 to 5.5V supply voltage range

www.onsemi.com

Melexis has launched its 3rd 
generation of contactless MEMs 
infrared temperature sensors. 
The high accuracy of the newest 
member of the MLX90614 fam-
ily makes it suitable for limitless 
applications in automotive, 
medical, industrial and consum-
er markets. A com-
mon problem in 
the use of infrared 
thermometers is 
the error induced 
due to fast temper-
ature variations 
and/or thermal 
gradients. Melexis 
is able to reduce 
this effect by 2 orders of magni-
tude using our built-in compen-
sation technology. This tech-
nology is based on the use of a 
secondary sensor to measure the 
thermal disturbances and com-
pensate the measurement result 
with internal digital electronics. 

The latest MLX90614ESF-DCH 
and MLX90614ESF-DCI incor-
porate a refractive silicon lens 
to achieve small fields of view 
(down to 5 degrees) so small ob-
jects can also be measured from 
further distances. Furthermore 
they are able to measure human 

body tempera-
ture with a high 
medical accu-
racy over a wide 
operating range. 
In this particu-
lar application 
the accuracy 
is 0.2 °C. This 
makes them 

ideal for forehead thermometers 
and public area fever scanning 
gates. The parts are available in a 
standard setting TO-39 footprint 
with integrated lens.
Melexis

MEMs infrared temperature sensor
fully calibrated, accuracy up to 0.2°C

www.melexis.com/mlx90614
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Hamamatsu Photonics’ G11135 series of 
InGaAs linear image sensors are designed for 
foreign object inspection. These image sen-
sors consist of an InGaAs photodiode array 
and CMOS chip containing a charge ampli-
fier array, offset compensation circuit, shift 
register and a timing generator. The G11135 
series are back-illuminated sensors and use 
indium bumps to connect the InGaAs array 
with the CMOS chip. The G11135 series is 
available in 256 and 512 pixel versions with 
50x50µm and 25x25µm pixels respectively. 

Both feature a 
high sensitivity 
from 0.95µm 
to 1.7µm and 
a single video 
line, which 
enables a high 

speed data rate of 5 MHz and excellent pixel-
to-pixel linearity.
Hamamatsu Photonics

Back-illuminated InGaAs linear image sensors
uses the infrared spectrum for the detection of foreign body in food stuff

www.sales.hamamatsu.com

Kontron has introduced its machine-to-
machine (M2M) Smart 
Services Developer Kit with 
a deployable Intel Atom 
processor-based services-
ready system. Developed 
in collaboration with Intel 
Corporation, the standards-
based Computer-on-Mod-
ule (COMs)-based kit is a 
powerful development and deployment solu-
tion that provides simple ‘plug & play’ capa-
bility enabling designers to develop and test 
their application’s connectivity and perfor-
mance, then quickly deploy. The kit uses the 
COM Express compatible Kontron Computer-
on-Module nanoETXexpress-TT powered by 
the Intel Atom processor and includes a M2M 
System Carrier Board and an AV board to sup-
port headed configuration use. 

The M2M Smart Services Developer Kit is 
802.11a/b/g/n WLAN (wireless local area net-
work) and 802.15.4 WPAN (wireless personal 
area network) capable allowing rapid devel-
opment of wireless connectivity solutions. 3G 
WWAN (wireless wide area network) is either 
pre-installed or easily enabled by dropping in 
a pre-certified PCI Express 3G/4G module for 
further broadband connectivity flexibility. 
The M2M solution and kit packaging may 
be easily customized to include the network 
operator’s, OEM’s, or ISV’s brand. The M2M 
Smart Services Developer Kit works out-of-
the-box, and its extensive capabilities allow 
the developer to test the smart services ap-
plication in a connected environment similar 
to an actual deployment.
Kontron

M2M smart services developer kit
with a deployable Intel Atom processor-based service-ready system

www.kontron.com/M2Mkit

Maxim Integrated Products has introduced 
the industry’s first IC to integrate all of the 
power-management functions for ambient 
energy harvesting, as well as for charging and 
protecting micro-energy cells (MECs), a form 
of solid-state battery. Operating at an ultra-
low current level, the MAX17710 accepts 
energy from a variety of poorly regulated 
energy harvesting sources with output levels 
ranging from 1 µW to 100 mW. Examples 
include light (captured by photovoltaic 
cells), vibration (captured by a piezoelectric 
element), heat (captured by a thermoelectric 
generator), and RF (e.g., near-field commu-

nications (NFC)). The MAX17710 integrates 
a programmable input boost regulator and 
needs no expensive external components to 
charge a MEC with energy sources as low as 
0.8 V. It protects the MEC by using a linear 
shunt-series regulator. An ultra-low-quiescent 
current, adjustable low-dropout linear regula-
tor (LDO) with selectable voltages of 3.3 V, 2.3 
V, or 1.8 V allows the MAX17710 to adapt to 
a variety of loads. It is packaged in a 0.5 mm 
profile TQFN.  
Maxim Integrated Products

Energy-harvesting and power-management IC
enables low-power wireless devices

www.maxim-ic.com
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The new TLP104 photocoupler 
from Toshiba Electronics Europe 
is supplied in an S06 package 
and features a minimum isola-
tion voltage rating of 3750Vrms. 
Along with a guaranteed ex-
tended tempera-
ture operation 
of -40 to 125°C, 
the device allows 
designers to 
minimise the 
space required 
for the isolation 
interfaces between high-voltage 
and logic circuitry in a variety 
of industrial motor control and 
inverter-based designs. The 
TLP104 features an inverter 
logic, open collector output 
and supports requirements for 
high-speed operation thanks to 

a design that optically couples 
GaAlAs LEDs with high-speed, 
high-gain photodetectors. This 
ensures maximum propagation 
delay times down to just 400ns. 
In addition, as the maximum 

switching time 
dispersion is only 
400ns, the new 
TLP104 is suitable 
for the control of 
Intelligent Power 
Modules (IPMs). 
The 7.0x3.7x2.2mm 

device supports output voltages 
from -0.5 to 30V. An internal 
Faraday shield guarantees a 
minimum common mode tran-
sient immunity of ±15kV/µs.
Toshiba Electronics

3750 Vrms isolation photocouplers
low propagation delays, operate from -40 to +125ºC

www.toshiba-components.com

Pulse Electronics introduced 
its new laser direct structuring 
(LDS) process for antenna parts 
which are too long or large to fit 
well into conventional laser ma-
chines. The company claims its 
lasering process saves as much 
as 30% over manufacturing 
done with previous LDS lasering 
machines, mak-
ing LDS antennas 
cost competitive 
alternatives for 
laptop comput-
ers, tablets, and notebooks while 
providing superior RF quality 
and freedom of design.
The new lasering concept is 
based on LPKF Laser & Electron-
ics’ new Fusion 3D 1100 laser 
machine, which is adapted with 
a Pulse-designed and manufac-
tured part handling system. 
This newly developed system is 
capable of lasering longer and 
larger, or more complex parts. 
The process has less design and 
dimensional limitations, yet still 
meets production efficiency. The 

laser beam transfers the antenna 
design directly onto a moulded 
3D surface, making prototyping 
and production faster. It enables 
design freedom and flexibility 
with quick versioning during 
the project phase, design freez-
ing in the late project phase, 
and the ability to fine-tune the 

design during pro-
duction to meet 
stringent carrier 
requirements. The 
production 

process is fast and easy to imple-
ment with low customer-specific 
tooling costs. Pulse also manu-
factures cable assemblies that 
can be directly connected to all 
solderable materials, which is 
more cost effective than using 
connectors. With the RF perfor-
mance benefits of LDS, this new 
process makes LDS antennas 
viable for the tablet and laptop 
market.
Pulse Electronics

Cost effective LDS antenna process
for laptops and tablets

www.pulseelectronics.com

TT electronics’ self-calibrating 
fluid sensors enable engineers to 
easily correct for system varia-
tions, saving up set-up time as 
well as maintaining the sensors’ 
optimum accuracy over years of 
operation. Designated 
the OCB350 Series, 
the non-contact fluid 
sensor features an 
automatic calibration 
function.
The sensor operates 
with an infrared 
LED/phototransistor 
pair to determine the 
presence or absence of fluids in 
a tube that passes through the 
sensor housing, using the differ-
ence in refractive properties to 
vary the output current to signal 
different states, including “fluid 
present,” “no fluid present,” and 
“no tube present.” It can also be 
used to identify the presence of 

air bubbles in the fluid passing 
through the tube. The auto-
calibration function enables 
the design engineer to narrow 
the device’s initial output state, 
which helps maintain consistent 

switching perfor-
mance by compensat-
ing for several factors, 
including ambient 
light variation; LED/
phototransistor per-
formance degradation 
over time, overall sys-
tem power variations; 
and fluctuations in am-

bient temperature. The sensors 
are available to fit applications 
using clear tubing with outer 
diameters of 1.6-, 3.2-, 4.8- or 
6.3-mm. Operating temperature 
range is from -40 to +85ºC.
TT electronics

Non-contact fluid sensors
self-calibrated, detect clear and opaque liquids

www.optekinc.com

Microchip has teamed up with 
Diligent to create the Digilent 
Cerebot 32MX7 Development 
Kit, based on Microchip’s PIC32 
MCU family. It addresses the 
growing interest in embedded-
control and 
networking ap-
plications from 
academics and 
hobbyists. The 
kit includes a 
demonstration 
board with a 
10/100 Ethernet interface, dual 
CAN and I2C interfaces, the 
ability to use Digilent Pmod 
peripheral modules, and an inte-
grated programming/debugging 
circuit that is compatible with 
Microchip’s free MPLAB IDE. 
Example applications include 
university embedded-systems 
and communications classes, 
senior capstone projects, and 
numerous other academic and 

hobbyist projects. The Cerebot 
32MX7 board features numerous 
I/O connectors, and power-sup-
ply options such as USB power, 
which give users the flexibility 
to use the board for a range of 

embedded network-
ing and control 
applications. The 
onboard PIC32 
MCU operates 
at 80MHz, and 
features 512kbytes 
of Flash program 

memory and 128kbytes of RAM, 
as well as numerous peripherals, 
such as a full speed USB On-The-
Go (OTG)/Host/Device control-
ler, Ethernet controller, dual 
CAN controllers, timer/counters, 
serial-interface controllers, an 
Analogue-to-Digital Converter 
(ADC), and more.
Microchip

32bit MCU kit
targets hobbyists

www.microchip.com
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Through a single interface, Premier Farnell’s 
element14 knode (KNOwledge for Design 
Engineers) portal is conceived to give design 
engineers immediate access to electronic 
design solutions that are relevant to the parts 
they chose, discarding non-compatible design 
tools or irrelevant tool associations. The on-
line design framework supports the complete 

design flow from concept to final production 
with documentation, tool recommendations, 
white-papers, enabling engineers to research, 
design, develop and manufacture prototypes 
in a single environment.
Farnell

Premier Farnell launches the element14 knode
interactive platform eases design tools selection

www.element14.com

Avnet Abacus has signed a Pan-European 
distribution agreement with Cymbet Corpo-
ration, provider of solid-state energy storage 
solutions, to distribute Cymbet’s complete 
range of rechargeable solid state batteries, 
power management devices, and evaluation 
kits. 
This will include Cymbet’s EnerChip solid 

state batteries (SSB) and development tools, 
the new EnerChip EP energy processor, the 
universal energy harvesting EVAL-09 kit, 
and the EnerChip CC RF Induction Charger 
EVAL-11 kit.
Avnet Abacus

‘green technology’ battery deal
between Avnet Abacus and Cymbet Corporation

www.avnet-abacus.eu 

A comprehensive set of passive components 
from Würth Elektronik is now available for 
Altium Designer 10 through the recently 
launched AltiumLive portal. Electronic de-
signers will have access to eight new librar-
ies comprising over 1,500 passive compo-
nents provided by one of the leaders of EMC 
solutions for the electronics industry.

All components in the Würth Elektronik 
libraries include the schematic symbol, 
the PCB footprint and a detailed 3D model 
for 3D mechanical integration during PCB 
design.
Würth Elektronik

Altium and Würth Elektronik
collaborate on new component libraries

www.we-online.de

W. L. Gore & Associates has selected Richard-
son RFPD as the global distributor for its new 
18 GHz Gore Phaseflex microwave/RF test 
assemblies. Specifically engineered for high 
throughput production test applications, these 
rugged assemblies deliver consistently precise 

and repeatable measurements and reduce 
operational costs by minimizing requirements 
commonly found in production testing.
W. L. Gore & Associates

Gore selects Richardson RFPD
as global distributor for its 18 GHz test assemblies

www.richardsonrfpd.com.

EBV Elektronik has announced the Caribou 
board as a development and evaluation 
platform for industrial communications. It 
is based on an OMAP L138 / AM1808 ARM 
microprocessor from Texas Instruments, 
together with an Altera Cyclone III FPGA and 

analog interfaces from Texas Instruments.
A range of different field buses and interfaces 
for industrial communications are available.
EBV Elektronik

EBV Elektronik launches evaluation platform 
for industrial communications

www.ebv.com

DISTRIBUTION 
CORNER
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LAST WORD

Are you using live customer data  
outside of your production database?
By Richard Fine 
Say that you want to develop a new pay-
ment gateway for your online store. A team of 
developers are hired, the improvements you 
want are designed, and the new system is cre-
ated. Finally, you need to test it all, to ensure 
that the improvements will work the way you 
intend them to, and also to ensure that all the 
old payment information still works correctly. 
What data do you use to test the system?

According to a recent report by the 
Ponemon Institute, 80% of companies use a 
copy of their ‘live’ production data. By ‘pro-
duction data’ I mean they take real customer 
records and real credit card details, and give 
them to the developers. The developers run 
all the tests they want, send tests offshore and, 
once the system is working to an acceptable 
standard, deploy it and sign off. The test data is 
usually erased.

It seems obvious, but given that 80% of 
companies are doing it, maybe it isn’t. Given 
the amount of money most organizations 
spend to secure their live environments from 
external threats, it is puzzling that the same 
companies will take direct copies of these 
systems and allow them to be used in non-
secure environments. Imagine yours and my 
personal banking information being shared 
amongst numerous people in test and devel-
opment teams. A scary thought.

You’d hope that all of your developers are 
competent, friendly, moral people, but you 
can’t guarantee that. A disgruntled developer 
could use the data to severely damage your 
company’s reputation and public image. 
Maybe that’s not very likely, you look after 
your developers, of course, and ensure that 
they don’t end up so antagonistic. But what 
is likely is that somebody makes a mistake. 
Maybe somebody accidentally places a real 
charge on the credit cards, rather than just a 
virtual charge. Maybe somebody takes a copy 
of the data onto their laptop to work with it 
while commuting, and their laptop is stolen. 
No matter how good your developers are, oc-
casionally, everyone can have a bad day.

However, while you might be willing to 

take the risk, the law is not willing to let you. 
There are a number of regulations governing 
the way that personal information is handled. 
Payment card information, for example, is 
governed by the PCI DSS standard. It dictates 
the security measures and policies that must 
be in place, such as encrypting all card data 
on public networks, and having firewalls and 
up-to-date antivirus software installed. Other 
standards include the USA’s GLBA for finan-
cial data, HIPAA for healthcare information, 

the UK’s data protection act, the European 
Data Protection Directive, and many others. A 
common theme across all data protection acts 
is the principle that data should be kept on a 
‘need-to-know’ basis.

Still, maybe you think you can justify 
that the developers ‘need-to-know’ the data, 
because the systems need to be tested. Even 
if you successfully argue that, you’ve then 
got another problem: now you need to take 
measures to protect the data on the developer 
machines, just as you have to for your produc-
tion database servers. Just because it’s ‘non-
production’ doesn’t mean it’s exempt from the 
regulations. What does that mean in practice? 
If you’re complying with HIPAA regulations, 
you have to keep the development offices 
physically secure, with full sign-in and sign-
out logs for developers (HIPAA §164.310), 
and provide and maintain a full training 
program to ensure developers are using the 
data appropriately (HIPAA §164.308 (5)(i)). 
The PCI DSS will require that your developers 

be fully audited (PCI DSS v2 10.2), and that 
the software they’re developing is perpetually 
secure (PCI DSS v2 6.3), even while it’s still 
in development. The UK Data Protection Act 
actually states that data may only be used for 
the specific purposes for which it was col-
lected (DPA98 Sch1 I.2), so unless at the time 
of collection you tell the user that you’ll use 
their data for testing purposes, then using it at 
all is a DPA violation.

In short: unless you’re taking lengthy 
and expensive measures to ensure that your 
development and testing environment is just 
as secure as your production environment, 
then it’s not legal to use production data in 
development and testing. What can be done 
about this? 

You’ve got to test with some kind of data. 
The most popular approach is data mask-
ing. Data masking takes a copy of your live 
production data, and then de-identifies the 
sensitive content. The masked data no longer 
contains sensitive information, and so is not 
covered by any regulations, and can be freely 
shared with developers. Data masking is 
quick and fairly easy to understand, which is 
why it’s a popular method. However, it’s not 
without a fair number of problems, foremost 
of which is that successfully masking data to 
the point that sensitive information can’t be 
inferred or deduced is often extremely hard. 
Likewise, once highly sensitive data is masked 
to the level where it can never be traced back 
to individuals or re-engineered, it is pretty 
much useless. For this reason, there is an alter-
native called test data creation, which is the 
automated creation of completely synthetic 
data; it can mimic your production data, but 
is not directly derived from it, making it free 
from regulation. 

Using live data in non-production is 
either illegal or expensive. For the companies 
using it illegally, it’s only a matter of time 
before somebody slips up and the practice is 
discovered. For the companies paying extra to 
keep their developers compliant, they’ll find 
themselves resistant to new development and 
undercut by companies who’ve used their 
data in a strategic way. In the long run, the 
tiny benefit is just not worth the risk.  n

Richard Fine is a technical writer for Grid-tools 
- www.grid-tools.com

“Using live data in non-
production is either 
illegal or expensive”
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EUROPEAN MICROWAVE WEEK 2011
THE ONLY EUROPEAN EVENT DEDICATED TO THE MICROWAVE AND RF INDUSTRY

European Microwave Week continues its series of successful events, with its 14th at Manchester Central, Manchester, UK. EuMW2011 returns
to this wonderful city for what promises to be an important and unforgettable event. Bringing industry, academia and commerce together,
European Microwave Week 2011 is a SIX day event, including THREE cutting edge conferences and ONE dynamic trade and technology
exhibition featuring leading players from across the globe.

THE EXHIBITION
Concentrating on the needs of engineers the event showcases the latest trends and developments that are widening the field of application of
microwaves. Pivotal to the week is the European Microwave Exhibition, which offers YOU the opportunity to see, first hand, the latest
technological developments from global leaders in microwave technology, complemented by demonstrations and industrial workshops.
Registration to the Exhibition is FREE!
• International Companies - meet the industry's biggest names and network on a global scale
• Cutting-edge Technology - exhibitors showcase the latest product innovations, offer hands-on demonstrations and provide the opportunity 

to talk technical with the experts
• Technical Workshops - get first hand technical advice and guidance from some of the industry's leading innovators
• Three Conferences - European Microwave Integrated Circuits Conference (EuMIC), European Microwave Conference (EuMC), 

European Radar Conference (EuRAD) 

BE THERE
Exhibition Dates Opening Times
Tuesday 11th October  09.30 - 17.30
Wednesday 12th October 09.30 - 17.30
Thursday 13th October 09.30 - 16.30

New for EuMW2011
Fast Track Badge Retrieval

VISITORS
Registering for the Exhibition

• Register as an Exhibition Visitor online at www.eumweek.com
• Receive a confirmation email with barcode
• Bring your barcode with you to the Exhibition
• Go to the Fast Track Check In Desk and print out your visitors badge
• Alternatively, you can register Onsite at the self service terminals during the Exhibition opening times.

Please note NO visitor badges will be mailed out prior to the Exhibition.

www.eumweek.com

Entrance to the Exhibition is FREE and attending couldn’t be easier.



Register online and print out your badge in seconds onsite at the Fast Track Check In Desk

Conference Prices
There are TWO different rates available for the EuMW conferences:

• ADVANCE DISCOUNTED RATE – for all registrations made online before 9th September
• STANDARD RATE – for all registrations made online after 9th September and onsite.

Please see the Conference Registration Rates table on the back page for complete pricing information. 
All payments must be in £ sterling – cards will be debited in £ sterling. 

Online registration is open now, up to and during the event until 14th October 2011. 

DELEGATES
Registering for the Conference 

• Register online at www.eumweek.com
• Receive a confirmation email receipt with barcode
• Bring your email, barcode and photo ID with you to the Event
• Go to the Fast Track Check In Desk and print out your delegates badge
• Alternatively, you can register Onsite at the self service terminals during the registration opening times 

below:
- from 4pm on Saturday 8th October 2011 - Tuesday 11th October (07.30 – 17.00)
- Saturday 8th October (16.00 – 19.00) - Wednesday 12th October (07.30 – 17.00)
- Sunday 9th October (07.30 – 17.00) - Thursday 13th October (07.30 – 17.00)
- Monday 10th October (07.30 – 17.00) - Friday 14th October (07.30 – 10.00)

Once you have collected your badge, you can collect the conference proceedings on CD-ROM and delegate
bag for the conferences from the specified delegate bag area by scanning your badge.

EUROPEAN MICROWAVE WEEK 2011
THE CONFERENCES

Don't miss Europe's premier microwave conference event. The 2011 week consists of three conferences and associated workshops:
• The European Microwave Integrated Circuits Conference (EuMIC) - Monday & Tuesday
• The European Microwave Conference (EuMC) - Tuesday, Wednesday, Thursday
• The European Radar Conference (EuRAD) - Thursday & Friday
The three conferences specifically target ground breaking innovation in microwave research through a call for papers explicitly
inviting the submission of presentations on the latest trends in the field, driven by industry roadmaps. The result is three superb
conferences created from the very best papers, carefully selected from close to 1,000 submissions from all over the world.
Special rates are available for EuMW delegates. For a detailed description of the conferences, workshops and short courses
please visit www.eumweek.com. The full conference programme can be downloaded from there.

New for EuMW2011
Fast Track Badge Retrieval



Partner Programme and Social Events

For information on and registration to any of these events, please visit
www.hotelzon.com/en/uk/events-eumw-pp or email: sally.garland@hotelzon.co.uk

CONFERENCE PRICING AND INFORMATION
EUROPEAN MICROWAVE WEEK 2011, 9th - 14th October, Manchester, UK

Register Online at www.eumweek.com
ONLINE Registration is open from 6th June, 2011 up to and during the event until 14 October 2011. 

ONSITE registration is open from 4pm on 8 October 2011
ADVANCE DISCOUNTED RATE (before 9 Sept), STANDARD RATE (after 9 Sept & Onsite) 

Reduced rates are offered if you have society membership to any of the following: EuMA, GAAS, IET or IEEE
EuMA membership costs: Professional: £17/year - Student: £12/year
Reduced rates are also offered if you are a Student/Senior (Full-time students less than 30 yrs of age and Seniors 65 or older as 14 October 2011)

ADVANCE REGISTRATION CONFERENCE FEES (BEFORE 9 SEPT)

CONFERENCE FEES ADVANCE DISCOUNTED RATE
Society Member (*any of above) Non-member

1 Conference Standard Student/Sr. Standard Student/Sr.
EuMC £350.00 £87.00 £455.00 £113.00
EuMIC £268.00 £78.00 £348.00 £101.00
EuRAD  £209.00 £76.00 £271.00 £98.00
2 Conferences
EuMC + EuMIC £556.00 £165.00 £723.00 £214.00
EuMC + EuRAD £503.00 £163.00 £654.00 £211.00
EuMIC + EuRAD £429.00 £154.00 £558.00 £199.00
3 Conferences
EuMC + EuMIC + EuRAD £661.00 £241.00 £860.00 £312.00

STANDARD REGISTRATION CONFERENCE FEES (AFTER 9 SEPT AND ONSITE)

CONFERENCE FEES ADVANCE DISCOUNTED RATE
Society Member (*any of above) Non-member

1 Conference Standard Student/Sr. Standard Student/Sr.
EuMC £455.00 £113.00 £591.00 £146.00
EuMIC £348.00 £101.00 £452.00 £131.00
EuRAD £271.00 £98.00 £352.00 £127.00
2 Conferences
EuMC + EuMIC £722.00 £214.00 £939.00 £277.00
EuMC + EuRAD £653.00 £211.00 £849.00 £273.00
EuMIC + EuRAD £557.00 £199.00 £724.00 £258.00
3 Conferences
EuMC + EuMIC + EuRAD £859.00 £312.00 £1,116.00 £404.00

WORKSHOP AND SHORT COURSE FEES (ONE STANDARD RATE THROUGHOUT)
For full details & titles of Workshops & Short Courses, visit www.eumweek.com
FEES ADVANCE DISCOUNTED RATE

Society Member (*any of above) Non-member
Standard Student/Sr. Standard Student/Sr.

1/2 day WITH Conference registration £70.00 £50.00 £95.00 £70.00
1/2 day WITHOUT Conference registration £95.00 £70.00 £125.00 £95.00
Full day WITH Conference registration £100.00 £75.00 £135.00 £95.00
Full day WITHOUT Conference registration £135.00 £100.00 £175.00 £125.00

Other Items

Proceedings on CD-ROM

All papers published for presentation at each conference will be
on a CD-ROM, given out FREE with the delegate bags to those
attending conferences. For additional CD-ROMS the cost is £42

DVD Archive EuMC EuMA 
Members

Non EuMA
Members

DVD Archive EuMC 1969-2003 £8.00 £34.00

DVD Archive EuMC  2004-2008 £30.00 £106.00

FREE SPECIAL FORUMS & SESSIONS
Date Time Title Location
Weds 12th 09:00 - 19:00 The 2011 Defence & Security Forum  Charter 1

Thurs 13 & Fri 14th 08:30 - 17:00 Doctoral School of Microwaves Central Meeting
Rm 8
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