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Simple, Easy Solutions

Design Like You Mean It

Wide Input 3-18V, 12A, Synchronous Step-Down
Converter with Integrated Telemetry via I2C Interface
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Key Highlights Applications
* 5% Accuracy Output Voltage and » Enterprise SSD’s
Output Current Monitoring » Networking
* Programmable Current Limit + Gaming Systems
* Programmable Frequency
» Selectable PWM/PFM Mode
* 1% Internal Reference Accuracy
* |2C Programmable Output Range from 0.6V
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Take the path
of least resistance

Increase the efficiency of your power electronics systems
with our ultra-low DCR power inductors

Our AGP Family of high current
power inductors feature flat wire
construction for exceptionally low
DC and AC resistance, letting your
power systems run cooler and more
efficiently.

They’re offered with inductance
values as high as 470 pH and
current ratings up to 108 Amps.
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And all AGP Family inductors
meet stringent AEC-Q200 Grade 1
quality standards, making them
suitable for automotive and other
harsh-environment applications.

Visit www.coilcraft.com/AGP to
learn more and arrange a test drive.
Free samples are always just around
the corner!

&/ wilerafidirect.com

WWW.COILCRAFT.COM

@® @ No min order. Next day delivery.
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on electronicdesign.cq

http://electronicdesign.com/blog/10-reasons-lease-versus-
buying-test-equipment

With design cycles being cut in half and designs requiring

faster test equipment with higher

operating frequencies and

greater bandwidths, savvy designers and engineering managers
should be giving leasing (versus buying) a second look, for
many reasons, but we narrowed them down to 10.

CELEBRATING

BOB PEASE

It’s hard to believe it
has been five years
since the analog in-
dustry lost one of its
most highly respected
gurus, Bob Pease.

To celebrate Bob’s
memory, Electronic
Design is releasing
two eBooks in 2016
featuring a collection
of reader favorites.
These articles are
timeless and show-

RARY

FOCUS ON:
BOB PEASE

ON ANALOG VOL |
A compendium of fechnical
articles from legendary
Electronic Design

engineer Bob Pease

case why Bob Pease

will always hold a revered place in the analog industry.
Visit www.electronicdesign.com to download Volume 1 of

“Bob Pease on Analog.”

HOVERBOARDS
CONTINUE TO FLY

http://electronicdesign.com/embedded/hovering-over-ces-2016

Despite concerns over instances of exploding hoverboards
(see page 9 of this issue), it’s the demand for them that’s really
exploding. Take a look at Tech Editor Bill Wong’s gallery of
hoverboard images from this year’s CES to see the latest looks
and innovations in this booming market.

EO PAT BYRNE

http://electronicdesign.com/blog/qa-tektronix-ceo-pat-
byrne-new-application-focus

As Tektronix undergoes a bit of rebranding, we talked with
CEO Pat Byrne, who reiterated his company’s commitment
to “the kind of precision and accuracy that makes test and
measurement the foundation for high-quality system design.”
For more highlights and an audio file of the entire interview,
see Patrick Mannion’s online exclusive.

join us online E1E]

Follow us on Facebook: http://tinyurl.com/odzo6hc
and Twitter: http://tinyurl.com/k5pum39
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Become your company’s most valuable player.

Elevate your status with Keysights InfiniiVision oscilloscopes.

Get your projects on the fast track with features such as zone triggering, built-in analysis software and super-fast waveform
update rates. Plus Keysight has a team of experts ready and available to help you overcome any test and measurement obstacles. You
already have the talent, and with Keysight you have the tools you need to become your company’s MVP.

Keysight InfiniiVision oscilloscopes 2000 X-Series 3000T X-Series 4000 X-Series 6000 X-Series
Bandwidth 70 MHz-200 MHz 100 MHz-1 GHz 200 MHz-1.5 GHz 1GHz-6 GHz

Instrument integration Arbitrary waveform generator, digital voltmeter, protocol analyzer, FFT, counter, MSO

Ready to achieve MVP status? Go to the Scopes Learning Center: KEYSIGHT
www.keysight.com/find/ScopeMVP TECHNOLOGIES

Unlocking Measurement Insights

USA: 800829 4444 CAN: 877 894 4414

© Keysight Technologies, Inc. 2016

Agilent’s Electronic Measurement Group is now Keysight Technologies.
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* Low Noise <1.8nV

» Monolithic Dual (LSK489-Lower
Noise Replacement than U401)

= Single JFET (LSK189-Lower
Capacitance than 2SK170)

= ROHS compliant packages
(Dual T0-71, SOIC-8, SOT23-6),
(Single T0-92, S0T23)

» Significantly Lower Gate-Drain
Capacitance Provides Lower
Intermodulation Distortion

« Smaller Die Size and Reduced Need
for Idss Grades Facilitate High
Volume Production

* Parts Samples and Detailed Dota
Sheets Available

www.linearsystems.com
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HIGH PERFORMANCE BATTERY HOLDERS

For AA,AAA, 1/2AA and CR123A cylindrical batteries

Coil Spring and Polarized contacts assure low contact resistance and proper continuity
for circuit protection

Available in Thru Hole Mount (THM) or Surface Mount (SMT) configurations © THM versions use nickel-plated stainless
steel contacts © SMT versions feature gold-plated stainless steel contacts © Durable, rugged High Temperature Nylon housing © Quick & easy battery
installation/replacement © Retains battery securely = Optional Covers are available for additional retention, if required

Ideal for low profile, space
saving PCB applications

Suitable for Industrial and Consumer product applications © Request Catalog M65
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erious issues surround the countless videos of

hoverboard fires posted on social media and shown on

the news. Delving into the technical side of this fire-
hazard situation, I found out the following:

The Consumer Product Safety Commission (CPSC)
recently released a statement saying that it is working non-
stop to find the root cause of hoverboards becoming a fire
hazard. In the meantime, Northbrook, Ill.-based
Underwriters Laboratories (UL) announced that currently
there is no UL certification for hoverboards themselves.

It is very likely that the cause of fire is related to the battery
packs inside the hoverboards—even though the fires have
started in all sorts of different circumstances (e.g., during
charging or while riding). Hoverboards use lithium-ion bat-
tery packs; there are usually around 20 rechargeable cells per
pack. An individual cell looks very similar to an AA nickel-
metal hydride (Ni-MH) battery.

Fires caused by lithium-ion batteries in laptops, phones,
and even airplanes have occurred in the past. Now, such
incidents have put hoverboards under the public microscope.
Recently, some U.S. airlines banned hoverboards on passen-
ger flights.

Inside a lithium-ion battery, there is a thin sheet of micro-
perforated plastic (a separator) that keeps the anode and cath-
ode apart while allowing lithium ions to pass through. The
battery is charged by sending ions from the cathode to the
anode. The battery is discharged when ions are transferred
back from the anode to the cathode.

Until recently, the use of lithium-ion batteries had become
more popular among small power tools or IT devices, such
as laptops, cordless drills, electric screwdrivers, and e-bikes.
Although lithium-ion batteries have great advantages, lithium
does heat up and expand during charging. This causes leaked
lithium ions to build up on a battery’s surface, which might
originate short-circuits and decrease overall battery life. Also,

GO TO ELECTRONICDESIGN.COM

Editorial
MARIA GUERRA | Analog/Power Editor

maria.guerra@penton.com

What's Making
Hoverbboards
Catch Fire?

when a lithium-ion battery is overheated or damaged, it can
burst into flames or even explode.

Researchers are trying to find the solutions to lithium’s
disadvantages. For example, a team of researchers at Stanford
University just developed a lithium-ion battery that does not
overheat through the use of nanotechnology.

Because the single most expensive component in a
hoverboard is the lithium-ion battery pack, some hoverboard
manufacturers are unfortunately using non-brand batteries to
minimize costs. Many of these batteries clearly do not provide
the same high quality and safety standard as, for example,
those manufactured by Samsung SDI Co. Ltd. (one of the
largest providers of lithium-ion batteries).

It is suspected that most of the hoverboards produced in
China might not use original Samsung or LG batteries, with
non-brand or counterfeit Samsung trademark batteries being
used in their place. Plenty of those batteries are finding their
way into the country inside hoverboards. Obviously, not all
of the off-brand batteries are catching fire, with thousands
of batteries produced per year. But the problem has become
widespread enough to where the CPCS has sufficient cause to
pursue an investigation. This effort could even lead to a bat-
tery or hoverboard recall.

Unfortunately, to date there is no specific resource online
where consumers can check the safety of their hoverboards.
Meanwhile, the popularity of hoverboards continues to grow
(see “Hovering Over CES 2016 at electronicdesign.com). If you
are planning to purchase one and/or keep one at home, do
yourself a favor: Keep a fire extinguisher nearby, and never
charge it while unattended. &l

+ JOIN US ONLINE  twitter.com/ElectronicDesgn

: become afan at facebook.com/ElectronicDesign [i
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NEW TRANSCEIVER
Speeds Data Transfers for the Cloud

r the last year, computer companies have been diving
eper into cloud computing, with Hewlett Packard
he controversial decision to spin out its information
technology business, and Dell buying data storage company
EMC last year. The widespread use of cloud computing is not
only making for more competition, but also leading to new
advances in servers that process data from the cloud.

Now, researchers have built a transceiver that could speed
up data transfers between optical modules and semiconductor
chips used in servers and switches. Built by Fujitsu Laborato-
ries and system-on-chip designer Socionext, the transceiver
can transmit data at 56 Gbits/s per channel—twice the speed of
current transceiver standards.

Servers at the headquarters of the

European Organization for Nucleai

Research (GERN). Fujitsu LaBoratories and

system-on-cHip designer Socionext have builta
giverfthat could speed up data

between optjcal modules and semicpnductor ct

ed in servers and switches.
(Image courtesy of CERN).
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At the same time, the researchers were able to make the
transceiver faster without adding powerful new circuits. They
instead combined several existing circuits in order to reduce the
total power the transceiver uses. The new design only requires
eight circuits, as opposed to the 16 used by current transceivers
(which transfer data at 28 Gbits/s). According to the research-
ers, this means the new transceiver can transmit data twice as
fast without consuming any additional power.

The research could represent a major step toward reducing
the amount of electricity used in data centers, which are notori-
ous for swallowing huge amounts of power. There are limits to
the amount of electricity that can be supplied to these data cen-
ters, owing to the cost of supplying power to the servers and the
significant amount of heat radiating from them.

The researchers eliminated half the circuits using a new
method for detecting time errors between circuits. The research
team found that they could remove parts of the clock and data
recovery (CDR) circuit, which reads electrical signals and
adjusts the timing of other circuits to ensure that they can read
incoming data accurately.

The CDR is normally paired with a so-called decision feed-
back equalizer (DFE), a circuit designed to boost weakened
signals to ensure that they can be reliably transmitted between
servers. The signals going in and out of the transceiver are more
subject to degradation as communications speeds increase. The
research focused on the CDR and DFE because they consume
about two-thirds of the transceiver’s total power.

In conventional transceivers, the DFE boosts the weakened
signal depending on whether other circuits have determined
that the signal represents 1 or 0. Because they operate on dif-
ferent clocks, the CDR will adjust the DFE’s timing to ensure
it captures the signal’s waveform at the greatest amplitude, or
when it’s clearest.

The breakthrough came when the research team found that
they could determine whether the DFE’s timing was early or late
without using the CDR. The researchers developed a new tim-
ing detection method that only detects the timing when three
consecutive bits of the incoming signal are 100 or 011. With this
new approach, the team could remove the CDR and other cir-

MARCH 2016 ELECTRONIC DESIGN
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News

cuits, such as the internal clock, combining them with the DFE.

The researchers said that the new technology is compatible
with an upcoming 56 Gbits/s standard from the Optical Inter-
networking Forum, an organization that promotes computer
networking technologies. Fujitsu Laboratories and Socionext
plan to use the technology in components linking optical mod-
ules and chips. New products using the technology are expected
in2018. =

CUSTOM SENSORS FUSE
Wearables with the Human Body

FROM THE TANGLED remains of Google Glass, to the smart
watches developed by Apple and Samsung, and the portable
health trackers built by Fitbit and Nike —most wearable devices
have been designed as miniature versions of existing technol-
ogy. But the next generation of wearables is expected to include
sensors and other components that are
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uniquely designed to be woven into cloth-
ing, pasted onto the skin like a temporary
tattoo, or wrapped around body parts like
a bandage.

New research from IDTechEx, a tech-
nology research firm, predicts that the
number of sensors custom-made for
wearables will increase sharply over the
next decade. In 2026, these parts will
represent about 42% of all sensors used
in wearable devices, up from 7% in 2015.
According to the firm’s previous research,
manufacturers are expected to buy over
3 billion sensors during the next 10 years.
But nearly a third of these sensors have
not been developed yet.

The changing nature of wearable
devices is most evident in healthcare,
where advanced sensors are giving rise to
new forms of medical treatment and health
monitoring. At the end of last month, for
instance, engineers from the University of
California, Berkeley reported a new kind of
wearable sensor that can measure sodi-
um, potassium, glucose, and lactate levels
in a person’s sweat. The new sensor could
help people monitor medical conditions or
alert them when they are dehydrated.

Other companies are working toward
sensors that are so thin and pliable that
they behave almost like a second skin.
Last month, the wearable technology
company MC10 released a skin patch
developed with L’Oreal to indicate how
badly skin is being damaged by sunlight.
It contains dyes that change color when
exposed to ultraviolent light.

Around the same time, MC10 revealed
another skin patch that contains a
gyroscope, inertial sensors, and flexible
integrated circuits that track the electri-
cal activity of a person’s muscles and
heart. The patch measures only a tenth of
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an inch thick and weighs around 0.2 ounc-
es. The company expects it to be confined
to medical research.

John Rogers, a material scientist based
out the University of lllinois at Urbana-
Champaign, founded MC10 several years
ago as a commercial outlet for his research
into flexible electronics. Instead of using
uncommon materials like graphene, he
builds sensors out of extremely thin sheets
of pliable silicon. Among his research pro-
totypes are sensors that can be wrapped
around the human heart, medical sensors
that can stretch and contract like human
skin, and a dissolvable pressure sensor
that can be implanted in the skull to mea-
sure brain trauma.

“The goal is really to blur the distinction
between man-made electronic systems
and biology,” Rogers said in a lecture in
2013. He said that his goal was to design
electronics that have the same proper-
ties as human skin, making it so that they
appear to “melt” into our bodies.

But the healthcare industry is still grap-
pling with regulatory and liability concerns
that have prevented these sensors from
being used in medical treatments. James
Heyward, a technology analyst with IDTe-
chEx, says that manufacturers, doctors,
insurance companies, and patients have
not yet agreed upon a clear system of
liability for wearable sensor data. Heyward
says that until then, this would remain a
“significant barrier” to widespread use of
new medical sensors.

According to Heyward, flexible sensors
have the potential not only to add new
capabilities to existing devices, but also
create entirely new markets. The textile
and electronics markets, for instance, have
already begun to merge around electronic
fabrics, or e-textiles. Heyward says that
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| electroactive polymers, textile electrodes, washable inks, and printed piezoelectric
{ sensors can be paired with circuit boards, batteries, and memory chips to create

e : LS v X o .
@) e actvagne S y | entire systems within clothing.
3, ? i In the United States, the Flexible Hybrid Electronics Manufacturing Innovation
‘ ' Institute (FHEMII) is focused on reducing the time it will take for printed and flexible

sensors to be used in military, industrial, and consumer devices. Toward the end of
August 2015, the Department of Defense and several private companies invested

_.A about $171 million in the institute. M
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Reduce MCU Power in

loT" Apps

with These Techniques

Designers can choose from a number of options when trying to meet the Internet of

Things’ low-power demands for wireless mobile devices.

icrocontrollers are the bedrock of the

Internet of Things (IoT) movement.

They interface with the plethora of sen-

sors that provide information to the
cloud and other IoT devices via wired and wireless links.
Though they may be small and use little power, a signifi-
cant amount of power is consumed when taken collectively.
They’re often battery-powered or even scrounge power from
other sources, such as solar power. Thus, it becomes para-
mount to minimize power utilization in order to reduce the
overall load and increase operational time for battery-operat-
ed IoT devices.

There are a variety of ways to reduce power requirements
for IoT devices, from architectural solutions to system tran-
sistor design to software methodologies. All can play a part,
although determining the proper combination for a par-
ticular application can be a daunting task for a developer,
especially when cost, functionality, security, and other factors
come into play.

LOW POWER BY PARTITIONING

One way to conserve power is to minimize the power
required to run peripherals. A number of vendors provide
low-power peripherals that usually have more limited per-
formance or functionality, but are sufficient for a wide range

14

of applications Silicon Labs takes that approach (Fig. 1)—its
low-energy peripherals can also run when the system is in
deep-sleep (EM2) mode with the CPU core off. The typi-
cal peripherals will operate in the higher-performance sleep
(EM1) mode, though this uses more power.

The challenge for developers is to determine if transitions
between modes can occur fast enough to handle associated
events. By having active peripherals, information is able to be
collected and possibly analyzed to determine if a transition
needs to occur. This transition typically wakes up the proces-
sor to programmatically handle the event.

Silicon Labs’ Peripheral Reflex provides an intermediate
functionality to link peripheral events so that an event from
one peripheral can trigger another peripheral. For example,
an analog-comparator transition would cause an analog-to-
digital converter (ADC) to capture some information, and it
might induce a counter to increment all without waking up
the processor.

Most microcontroller vendors have a form of the Periph-
eral Reflex system implemented on certain products. Cypress
Semiconductor’s PSoC (see “Smart Peripherals Make Low-
Power IoT Possible” on electronicdesign.com) takes this to the
extreme with almost FPGA-like configurability. PSoC chips
have a set of analog and digital building blocks with a pro-
grammable connection matrix. Peripherals like UARTs and
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1. Silicon Labs implements
peripherals with different
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Asymmetric core designs are much more common, even at
the low end of the spectrum. NXP’s LPC4300 includes ARM
Cortex-M4 and Cortex-MO cores (see “Dual-Core Cortex-M4
And M0 MCU Redefines Digital Signal Control” on electronic

design.com). The lower-end processor is
often the manager that handles watch-
dog chores in addition to low-speed,
low-power peripherals.

LOW-POWER TRANSISTOR DESIGN

Another way to conserve power is
to implement a low-power transistor
design. Shrinking the system can help,
but often this approach is more about
improving performance. Of course,
getting the job done faster and then
sleeping can result in a low-power solu-
tion as well.

Ambiq’s sub-threshhold Apollo
Cortex-M4 design optimizes transistor
design to reduce overall power require-
ments (see “Subthreshold Cortex-M4F

GO TO ELECTRONICDESIGN.COM

Dhanush Wearable Processing Unit (WPU) Architectures

Design Sips Less Power Than Cortex-M3” on electronicdesign.
com). The resulting system draws less power, making it pos-
sible to use high-performance features like floating point. The
chip consumes only 30 pA/MHz executing from flash, and a
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mere 100 nA in ultra-low-power sleep mode with the real-
time clock (RTC) running.

The power savings reaped from Ambiq’s approach are due
to the difference between conventional super-threshold and
sub-threshold designs (Fig. 3). Keith Odland, Senior Direc-
tor of Marketing at Ambiq Micro, explains the differences
between sub- and super-threshold:

“At the very elemental level, sub-threshold and super-
threshold really refer to the ‘state’ of a field effect transistor
(FET) as it ‘turns-on. In other words, when a transistor is
completely on (large gate to source voltage; V), it conducts
much more current than when the transistor is ‘kind-of-on’ or
‘just starting to turn on’ where it conducts much less current.
This difference can be several orders of magnitude (i.e., 1000s
of times different)”

The problem is quite difficult, and Ambiq’s part actually
operates many of the digital circuits in a “near-threshold”
region. Still, the resulting system delivers an EEMBC ULP-
Bench (see “Interview: Markus Levy Discusses The EEMBC
Ultra Low Power Benchmark” on electronicdesign.com) bench-
mark result of 377. The previous watermark was 185.

Sometimes memory can make a difference in a low-power
design. Texas Instruments’ FRAM-based MSP430 address-
es applications where non-volatile storage allows fast start
up and shut down while allowing complete RAM retention
(see “Microcontroller Utilizes FRAM For Code And Data” on
electronicdesign.com). Flash-based solutions cannot retain
RAM when the system is completely shut down, and moving
data between flash and RAM is slow and uses more power.

LOW-POWER SOFTWARE DESIGN

Embedded developers usually take advantage of low-power
modes to minimize power requirements. This was once a
simple chore due to the limited number of power modes. Typi-
cally, lower-power modes limited system functionality in a
simple fashion, such as reducing the clock rate or limiting the
number of active peripherals.
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3. Conventional super-threshhold designs maintain a wide voltage
swing (a), while Ambiq’s sub-threshhold design (b) significantly
shrinks the voltage range for a comparable reduction in overall power

requirements.

These days, more power-mode options are available, with
many more complex variations. The added lower-power
peripherals discussed earlier often operate differently for each
power mode. Managing power modes in a multitasking sys-
tem becomes even more difficult as devices and applications
have different requirements at different times.

Texas Instruments’ TI-RTOS addresses this challenge
(see “RTOS Employs Profile-Based Power Management” on
electronicdesign.com). The TI-RTOS power-management
system (Fig. 4) utilizes constraint and status information

from applications and device drivers to
Power-aware determine when a state transition should

Bluetooth
Smart stack

occur, as well as the proper state for the
device. This allows a Bluetooth Smart
stack to indicate the need to be periodical-
ly enabled, in order to exchange informa-

) tion with wireless peers. The stack doesn’t
Device

drivers specify if there’s an occurrence of a transi-

tion, but will inform the RTOS when such
events take place (e.g., completion of an
operation). The TI-RTOS is available in
ROM for many of the company’s micro-
controllers, such as the CC2640 Simple-
Link Bluetooth chip. &
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Avago Technologies

OPTOCOUPLERS

Improve EV Charging Stations

The need for fast charging systems for electric vehicles poses several challenges that

can be addressed by using optocouplers.

The full version of this article, with addi-
tional illustrations and complete ref-
erence notes, appears on our website at
http://electronicdesign.com/power/opto
couplers-help-promote-safe-efficient-ev-
charging-stations. Here is a condensed
version of the article for print:

he worldwide electrification

of transportation has grown

rapidly through recent

years. The global electric-
vehicle (EV) stock was about 180,000 by
the end of 2012. This number grew by
3.7 times, reaching more than 665,000
through the end of 2014 per IEA (Inter-
national Energy Agency) Global EV Outlook reports. The
report forecasts that by 2020, approximately 20 million EVs
will be on the road.

Rapid growth of the EV fleet is driving strong demand for a
charging infrastructure to extend the vehicles’ travel range. An
EV charging station, also called Electric Vehicle Supply Equip-
ment (EVSE), supplies electric energy to the EVs (including
electric cars, trucks, buses, etc.) while providing a network con-
nection. Figure I shows an EV at a charging station.

IHS Automotive forecasts the installation base for global EV
charging stations to skyrocket from 1 million units in 2014 to
13.6 million by 2020. The market-research firm estimates that
there will be 4.3 million units installed in the Americas; 4.1 mil-
lion units in Europe, the Middle East, and Africa (EMEA); and
5.3 million in Asia (including Japan).

Governments such as those in Germany, China, and the Unit-
ed States are steadily making more funds available to develop
charging infrastructure. China, for example, plans to deploy 4.5
million EV charging stations by 2020. This effort will support
the plan of cumulative production and sales of 5 million units

18

1. Here’s a typical scene of an electric vehicle being
charged at a charging station.

of BEVs and PHEs by 2020,
reports www.gov.cn, a website
run by the central Chinese gov-
ernment. Compared to 31,000
charging stations built through
the end of 2014, the target of 4.5
million units implies a whop-
ping compound annual growth
rate (CAGR) of 129%.

STATION TOPOLOGY
AND SAFETY ISOLATION

The need for safety isolation
is present in all functions of an
EV’s on-board electronic sys-
tems as well as in EV charging
stations. On-board systems include the high-voltage battery-
management system, dc-dc converter, electric motor drive
inverter, and on-board charger. For on-board systems, optocou-
plers must provide reinforced reliability and safety insulation
capability, which suits applications such as gate driving, current/
voltage sensing, and digital communication. This article focuses
on the isolation solution for off-board charger designs, which
often find industrial-grade devices to be sufficient.

An EV charging station typically includes functional blocks,
such as the ac-dc rectifier, power-factor-correction (PFC) stage,
and dc-dc conversion to regulate the voltage to a level that’s suit-
able for charging the vehicle battery. Figure 2 shows a simplified
block diagram of a dc-charging-station design. In high-fre-
quency isolation topology, galvanic isolation is provided in the
dc-dc converter stage by a high-frequency transformer. In addi-
tion, multiple isolation devices provide various signal isolation
functions while maintaining a safety isolation barrier between
the high-voltage power section and low-voltage controller sec-
tion. Within all of these stages, power devices like MOSFETs
and IGBTs are used to perform the switching functions.

MARCH 2016 ELECTRONIC DESIGN


http://electronicdesign.com/power/optocouplers-help=promote-safe-efficient-ev-charging-stations
http://www.gov.cn

Accuracy first.
Keysight Trueform outperforms DDS.

Keysight Trueform waveform generators offer the industry’s lowest
jitter and superior signal integrity. BenchVue software enables

you to easily create custom waveforms without programming. And
thanks to Trueform technology, your custom signals are accurately
represented with low distortion and no skipped points.

KEYSIGHT 338004 :
'\~‘ Suie:mm...mmhm.u.! B e = - '
Sine.ON, 500 r‘w St S Original signal

Trueform signal

-
1

Direct Digital Synthesis (DDS) signal

Keysight Trueform Waveform Generators
33600A Series, 80 and 120 MHz 335008 Series, 20 and 30 MHz

Jitter <1ps <40 ps

Pulse edge time 2.9nsindependentrise &fall 8.4 nsindependent rise & fall
Arbitrary waveforms S:q’fj:cﬂzmory W/ 16 MSa memory w/sequencing
PRBS patterns 200 Mbits/s, N from 3 to 32 50 Mbits/s, N from 7 to 28
2-channel coupling Equal, differential, ratio and combined

Learn more with our test challenge
measurement briefs and videos at
www.keysight.com/find/TrueformUS

KEYSIGHT

Buy from an Authorized Distributor: TECHNOLOGIES
@microlease v TESTEQUITY Unlocking Measurement Insights
elementiu

Agilent’s Electronic Measurement Group is now Keysight Technologies.



http://www.keysight.com/find/TrueformUS

Automotive Power

Located in the center of the system is the microcontroller
unit (MCU), which controls the PFC and dc-dc converter
with pulse-width-modulation (PWM) signals. The charging
control is based on voltage, current information, and other
data, such as temperature, user inputs, and so on, to carry out
calculations and control instructions in order to fulfill the
designed function.

Digital communication ports are employed to commu-
nicate between EVSE and the EV for charging control, and
between EVSE and the charging-station control center, and
thereafter to the cloud, for charging data reporting, remote
monitoring, and diagnostics.

As seen in Fig. 2, a safety isolation barrier is built up along
the line formed by optical coupling points of the various opto-
couplers. This is important to ensure that the design safety
aspects comply with regulatory standards.

Besides galvanic isolation, the other key factor that often
requires close attention in power converters, including the
one in the EV charging station, is power-conversion efficiency.
This article introduces how to use several optocouplers from
the catalog to implement efficient charging-station designs for
safety isolation.

Power factor correction

GATE DRIVERS

In an EV charger, the MCU alters the PWM signals to switch
the power MOSFETs or IGBTs on and off and adjust the dura-
tion of each status to regulate output voltage/current according
to battery-charging mode. A PWM signal from the MCU nor-
mally needs amplification to increase output current in order
to switch the power device at the desired frequency. It does so
by driving the gate of a MOSFET or IGBT with a device simply
called the gate driver.

In EV charging-station designs, choosing advanced power
devices and appropriate gate drivers can also help achieve effi-
ciency goals. Silicon-carbide (SiC) MOSFETs are rapidly emerg-
ing in the power-device market, delivering several benefits over
conventional silicon-based power MOSFETs and IGBTs. One
benefit is that it reduces switching losses because a high-voltage
SiC MOSFET doesn’t have the tail current losses found with
IGBTs. In addition, the SiC MOSFETs high current density and
small die size results in lower capacitance compared to silicon
MOSFETs. Hence, higher switching-frequency operation is
possible, which improves system efficiency. Ata 600-V blocking
voltage level, the SIC MOSFET-based system achieves 4% better
efficiency than the conventional IGBT-based design (Fig. 3).
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VOLTAGE AND CURRENT SENSING

EV batteries employ three primary charging methods: con-
stant voltage, constant current, and a combination of the two.
Most EV charging systems use a constant voltage for the initial
portion of the charging process, followed by a constant current

Avago gate driver and Cree Gen2 SiC MOSFET efficiency
8-A SEPIC (dc-dc) converter (100 kHz)

99
98
97
;'i; 96
I
I
K
W o9y
== ACPL-339J (18/-6 V)
93 + SiC MOSFET
=== ACPL-W346 (20/0 V)
92 + SiC MOSFET
m— |GBT
91
600 700 800 900 1000

MOSFET blocking voltage (V)
3. High efficiency can be achieved with Avago gate drives and Cree
SiC MOSFETs.

for the final portion. To effectively implement these charging
methods, voltage at various nodes and current through several
branches need to be measured and fed back to the MCU for
calculation, which will adjust PWM signals accordingly. For
example, in Fig. 2, voltages at the dc link and the charger output
require continuous monitoring and accurate readings. Besides
voltage information, currents in the PFC stage—through the
input and output rails—are required to be measured.

One common method of measuring higher voltages uses a
resistive potential divider to step down the voltage to a suit-
able level. A linear sensing chip then measures the voltage and
sends it to the MCU. A current-sensing circuit often employs a
precision shunt resistor to convert the current to a small Voltage,
which is sent to the MCU via some signal-conditioning devices.

However, it’s always a challenge when transmitting the signals
accurately from high-voltage areas, such as the PFC and dc-dc
converter stages, to the low-voltage controller side. This is due
to high switching noise and ground loop noise across these two
areas. These common circuit problems can ruin data accuracy,
damage the MCU, and threaten user safety. In these situations,
isolation amplifiers like the ACPL-C87X and ACPL-C79X series
are handy to carry out voltage- and current-sensing functions.

Using the ACPL-C87X isolated voltage sensor is straight-
forward. A detailed dc-voltage-sensing circuit with the ACPL-
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C87X is shown in Fig. 4. Given that the
ACPL-C87X’s nominal input voltage for
Vinis 2V, auser needs to choose resistor R1
according to R1 = (V;—V1y)/Vy % R2. For

Ul VDD2

example, if Vi is 600 V and R2 is 10 kQ,

8 R3
VDD1  VDD2 c3 .

ﬁ:mo of 10k1%
VIN VOUT+

Vour

then the value of R1 is 2990 k().
Several resistors can be combined to

VOUT- 6

U2
OPA237

R4

match the target value. For instance, 2-M(Q),
430-kQ, and 560-kQ resistors in series
equal exactly 2990 kQ. The downscaled 12
input voltage is filtered by the anti-aliasing
filter formed by R2 and C1 and then sensed
by the ACPL-C87X. The isolated differ-
ential output voltage (Voury — Vour.) is
converted to a single-ended signal (Voyr)
via a post amplifier (U2). Vqyr is linearly
proportional to the line voltage on the high voltage side and

enced output.

can be safely connected to the system microcontroller. With the
ACPL-C87X typical gain of 1, the overall transfer function is
simply Vout = V11/(RVR2+1).

Utilizing an isolation amplifier to sense current can be as
simple as connecting a shunt resistor to the input and subse-
quently getting the differential output across the isolation bar-
rier (Fig. 5). By choosing an appropriate shunt resistor, a wide

1
2
mel | lco 3
100 100 SHDN
]OI% pF | [ o I_AGNDl GNp2 2

1 10k,1% Ve
ACPL-C87X  GND2 L s
GNDI1 c4 ok
100 pF 10k,
1%
GND2

4. This circuit offers high-voltage measurement with conversion to an isolated ground refer-

range of current—from less than 1 A to more than 100 A—is
able to be measured.

In operation, currents flow through the shunt resistor, and
the resulting analog voltage drop is sensed by the ACPL-C79X.
A differential output voltage is created on the other side of
the optical isolation barrier. This differential output voltage
is proportional to current amplitude and can be converted to
a single-ended signal using an operational amplifier, such as

‘OR POWER PRODUCTS

2668 E’erﬁfl:ed

Monitor temperature of components in power supplies,
battery chargers, Inverters, green energy and, electric
vehicles.

P Rugged Construction

» High Dielectric - to 5,000 VAC

P Accurate Temperature Measurement to +/- 0.2°C
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TR T <
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800-808-2434 + 775-884-2434 (outside the US and Canada) * www.ametherm.com

GO TO ELECTRONICDESIGN.COM

23



http://electronicdesign.com
http://www.ametherm.com

Automotive Power

the post amplifier shown in Fig. 4, or sent to the controller’s
analog-to-digital converter (ADC) directly.

DIGITAL COMMUNICATION

An advanced control scheme is necessary to implement a
charging control protocol between the charging station and
the EV. This is another area prone to divergent standards. For
example, the SAE J1772 specifies the Control Pilot signal com-
munication method using duty-cycle modulation for AC Level
1 and 2. For the digital communication required in dc charging,
the SAE committee is working on updating the J2931, which
proposes power-line-communication (PLC) schemes on the
Control Pilot signal or mains. Tesla apparently participated in
the SAE committee process and made the decision to use the
same control signaling scheme as the SAE J1772.

The most popular plug standard, CHAdeMO (based on EV
sales with fast-charging type), chooses a controller area network
(CAN) for fast charging. High communication reliability is
required because the 500-V/100-A output of the dc fast charger
could lead to a fatal accident if one error occurs, according to
the Japanese association’s website. That association considers
CAN to have a highly reliable record as a standard communi-
cation method for automotive electronic control systems. Its
higher noise tolerance reportedly surpasses PLC as a commu-
nication method for an electronic control unit (ECU) to control
the charging process.

The CHAdeMO standard provides a pair of CAN bus lines
to connect the charger side and vehicle side at the coupler inter-
face. Coupler pins 8 and 9 are assigned as CAN-H and CAN-L,
respectively, to which a CAN transceiver can be connected.

Adding optical isolation between the CAN transceiver and
CAN controller significantly improves system safety, as opto-
couplers provide a safety barrier that prevents any damage from
cascading to the system MCU. This arrangement also enables
more reliable data communication in extremely noisy environ-
ments, such as high-voltage battery-charging systems. Fig. 6
shows how to use optocouplers to implement isolated CAN

Isolation

Floating barrier Non-isolated
5V | 5Vor3.3V
DC-AC Cl 3+—|vDD1 ! VDD2
currentl R2a 10 0.1 pF :
A A VIN+ | VOUT+
R = Tl 3 | 1 a3
SENSE 2 20FT T [ TO.1F
AW VIN- | VOUT-
R2b 10 I
GND1 | GND2
I T
= ‘ \Y4
GND1  ACPL-C79X GND2

5. By choosing an appropriate shunt resistor, a wide range of current—
from less than 1 A to more than 100 A—can be measured.

bus digital communication for fast-charging-station designs. A
similar circuit is applicable for the vehicle side, which requires
automotive-grade parts.

In Fig. 6, a pair of 10-MBd fast optocouplers (part ACPL-
W61L) is used to transmit and receive data. The product, which
requires just 1.6 mA of LED current, comes in an SSO-6 pack-
age less than half of the size of a traditional DIP-8 package. Per
the UL1577 rating, the ACPL-W61L withstands high voltage of
5000 VRMS for one minute. Designed to transmit signals in the
presence of strong transient noises, this part promises common-
mode transient immunity of 35 kV/ps. In designs with different
data speeds, other optocouplers can be used in place of the
ACPL-W61L. These include the 5-MBd-rated ACPL-W21L,
and the 25-MBDb dual-channel bidirectional ACSL-7210.

CONCLUSION

Ultimately, EVs help reduce dependence on petroleum while
tapping into the relatively inexpensive source of electricity. They
also help reduce the emissions of greenhouse gases and other
pollutants, which can be further improved as electricity genera-
tion portfolios add more renewable sources.

The EV charging infrastructure is a key factor in widespread
EV adoption. In an EV charging station, complex power-
supply systems are employed to deliver

E

N
7
|

huge amounts of energy to the battery in

Isolation
barrier

= TF
SRR

1
CAN controller  ACPL-W61 L, 2X

—
=

TXD TXD CANH

RXD RXD CANL

CAN transceiver

N

>

\CAN bus line %
- the vehicle within a short period of time.
Safety isolation is imperative, since the low-
voltage control system, high-voltage power
system, and user-accessible interface coexist
in a single charging station.

Efficiency in energy conversion is
another critical design consideration in EV
chargers. Optocouplers, such as the gate
drivers, voltage sensors, current sensors
and digital communication optocouplers,

v
EVSE

6. This setup delivers isolated CAN bus digital communication for a fast-charging-station

design.
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deliver both safety isolation and respec-
tive electrical function in a single package,
helping lead the way toward highly effi-
cient systems. &8l
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Taking an In-Depth Look At

MicroTCA Power Modules

The development of new architectural specifications for information and communication
technology equipment brings new power-module design challenges.

ower modules are very significant components for

a MicroTCA system. They distribute the power and

provide an interface to the MicroTCA Carrier Hub

(MCH) for power management. Design specifica-
tions for power modules provide flexibility to power system
designers that could impact the cost, performance, and reli-
ability of a MicroTCA system.

MicroTCA belongs to the nine families of PCI Industri-
al Computers Manufacturers Group (PICMG) standards.
MicroTCA was designed for building smaller systems than
AdvancedTCA while retaining the high availability archi-
tecture of the latter. Let’s describe briefly the MicrotTCA
standard and its background before taking a closer look of
MicroTCA power modules.

The Advanced Telecommunications Computing Architec-
ture (ATCA, or AdvancedTCA) is a series of open-standard
specifications developed by the PICMG in
2002. AdvancedTCA was designed to provide
an open, multi-vendor architecture that would

satisfy the requirements of the next generation Cooling unit #2

of carrier-grade communications equipment.

. . . . Cooli it #1
The specifications provide enough informa- .

tion to allow board, backplane, and chassis ven-

dors to independently develop products that
will be interoperable when combined together.
Details include board dimensions, equipment

sion of AdvancedTCA for small-scale applications, was ratified
by the PICMG in July 2006. Its focus is the latest generation of
open-architecture platforms for information and communica-
tion technology (ICT) equipment. MicroTCA builds upon the
heritage of previous architectures and technologies, specifically
AdvancedTCA and AdvancedMC.

MicroTCA is suitable for applications that require lower
power levels within an enclosure—customer-premises equip-
ment (CPE), for example. Its main characteristics are modular-
ity and scalability.

The system provides a mechanical and electrical platform for
telecommunications and enterprise computer network equip-
ment. As shown in Fig. 1, the principal components are:

o Between one and four power modules (PMs)

» Between one and two MicroTCA Carrier Hub (MCH) cards
» Between one and 12 Advanced Mezzanine Cards (AMCs)

« Between one and two cooling units (CUs)

» Mechanical resources needed to support all above elements

Input
PSR [ source” 7T
! Micro TCA carrier i

Micro TCA carrier hub (MCH) #2 | Power module #N

Power module #2

practice, connectors, power distribution, and

robust system management architecture.
In 2005, the PICMG developed the

Backplane interconnect

Advanced Mezzanine Card (AMC) stan-

[T

G S

E Micro TCA carrier hub (MCH) # 1 Power module #1

] MCMC Payload | |Management

; power power

' converter converter

+ [|Common| [ Fat .y I, | I |

. || options | [ pipe | |Cloc a Powan

|| fabric | |fabric Eonttol EMMC| |
1 1 1 I I

dard that defines the requirements for add-
on modules to expand the functionality of an
AdvancedTCA carrier board. These modules
are also suitable for MicroTCA applications.

AMC
#2

AMC

AMC
#4

AMC
#5

AMC
#6

AMC
#7

AMC
#8

AMC
#9

AMC
#10

AMC

#3 #11

AMC

This standard, which provides a scaled ver-
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1. This MicroTCA block diagram highlights the power system. (Courtesy of Ericsson)
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2. In this UTCO011 functional block diagram, multiple temperature sensors on-board monitor for

over-temp conditions within the module. (Courtesy of VadaTech)

The power module contains the
majority of the power-conversion and
control circuitry. It also eliminates the
need for the large planar carrier board of
the AdvancedTCA systems.

Power modules are responsible for
monitoring and protecting a MicroTCA
system from power variations. A typical
MicroTCA system supports one of the
following power sources: —48 V dc, —60
V dc, +24 V dc, and universal ac in the
range of 100 to 240 V ac.

Conversion of the power-input source
to 12 and 3.3 V is done to provide pay-
load power to each AMC and manage-
ment power, respectively. Centralized
MicroTCA power modules deliver high-
er power conversion density where some
power modules can deliver up to 600 W.

Any given power module can be either
primary or redundant; it cannot simul-
taneously serve both roles. One power
module may deliver current to any load
channel at any given time with the objec-
tive of limiting the maximum overcur-
rent possible for any channel. In the
event of failure in any output channel of
a primary power module, the redundant
power module will take over responsibil-
ity for all of that primary power
module’s output channels.

Power modules must
be capable of supply
payload and man-
agement power to up
to two cooling units and two
MicroTCA carrier hubs (MCHs).

GO TO ELECTRONICDESIGN.COM

Therefore, power modules are designed

to provide a total of 16 output pow-

er channels, or 32 channels if payload
and management power are considered
separately.

Power modules also provide an inter-
face to the MCH for power management.
They can detect a new AMC and enable
hot-swap support without affecting
the rest of the system. Power manage-
ment of the MicroTCA carrier has two
distinct stages:

o The early power stage starts from the
moment a source of energy is made
available to the PM and ends when the
carrier manager assumes control of
power-management tasks.

« The normal power stage begins once
a carrier manager is elected by one or
more powered and initialized MCHs.

Autonomous mode may also be used
during system maintenance—for exam-
ple, when all MCHs are removed from a
system but the remaining load modules
must continue to operate undisturbed.

(continued on p. 31)

3.The
NAT-PM-
AC600 is a hot-
swappable, fully redun-
dant, and highly efficient

ac/dc power module. (Courtesy of Net-
working, Automation, and Technology)
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Maximizing Automotive
Battery Power

Battery technologies are steadily improving, while automotive battery management
systems are optimizing the run time and lifetime of batteries.

echargeable batteries have a great impact on
the performance of electric vehicles because
they eventually determine their driving range.
To maximize cell life in a battery pack,
itis important to understand the behavior of Li-ion batteries and
the alternatives available for battery-management systems.
Rechargeable lithium-ion batteries, for example, are fre-
quently used in electric vehicles. Compared to other batteries,
lithium-ion batteries have higher energy density, higher cell
voltage, and low self-discharge. The following factors each
impact the performance of Li-Ion rechargeable batteries.

CELL PERFORMANCE

Charging a battery to a 100% state of charge or discharg-
ing it to 0% state of charge degrades the life of a battery. The
capacity of a battery cannot be considered the only charac-
teristic that will maximize the battery’s performance. Aspects
like longer battery life and the number of charge cycles, for
example, need to be considered when designing high-perfor-
mance rechargeable batteries.

other chemistry changes, resulting in increased internal resis-
tance and permanent capacity loss. Cell aging results in an
increase of the internal impedance of the cell, thereby affecting
its ability to perform because of poor conductivity.

Voltage: Most lithium-ion cell packs have a float voltage of
4.2V as the best balance between capacity and cycle life (Fig.
I). In contrast, a single battery has a voltage of 3.6 V (average
voltage at discharging state). When the battery is maintained
for long periods of time at 4.2 V or very close to 100% state of
charge, however, capacity loss will occur and the lifetime of
the battery will shorten.

BATTERY BALANCING
TECHNIQUES

There are no two exactly equal lithium-Ion cells. Thus, the
weakest cell in a battery pack limits the performance of the over-
all pack. Once the weakest cell reaches state-of-charge limits, the
whole battery pack stops charging.

To maximize cell life and avoid battery stack failure, the
state of charge of each cell must be constrained by accurately
measuring the voltage of each cell with the assistance of a bat-

tery management system. This might
include balancing to maximize the life
of a battery pack by preventing the
weakest cell from being overcharged
or over-discharged. Engineers use dif-
ferent techniques to keep a balanced
battery pack using passive balancing
and active balancing.

Passive balancing: Energy is
removed from the most charged cell
and is wasted as heat, usually through

POWER LOSS
During the lifetime of a lithium- 4.2 -V float voltage
ion battery, there will be inevitable 100 /
power losses. Some of the factors are: S
Self-discharge: After a full 9;1
charge, a lithium-ion battery’s é 80
inherent self-discharge is about 5% 3
. e 1] 4.1 -V float Voltage
of its capacity in the first 24 hours. % 70
At higher temperatures (more
than 20°C), self-discharge losses 60
increase. The self-discharge of a
battery increases with temperature, 0 0 200 400

age, and usage.
Internal resistance: Charge-dis-
charge cycles eventually reduce the

battery’s active material and cause (Courtesy of Linear Technology)

28

600
Number of charge cycles

A battery can deliver approximately 500 charge/dis-
charge cycles before the battery capacity drops to 80%.

resistors.

800 1000 1200

Active balancing: Energy is trans-
ferred between cells, usually through
dc-dc converters.
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The LTC6811 contains
an ultrastable voltage
reference, high voltage
multiplexers, 16-bit
delta-sigma ADCs,
and 1Mbps isolated
serial interface.
(Courtesy of Linear
Technology)

AUTOMOTIVE BATTERY
MANAGEMENT SYSTEMS

An electric-vehicle battery pack con-
tains dozens of battery cells configured
in series that handle high power and high
energy capacity within a limited space.
Among other factors, automotive bat-
tery management systems need to handle
electrical noise systems and the wide
operating temperatures generated by
electric vehicles.

Battery management systems are
designed using a wide range of function-
al blocks, different architectures, and
ICs that can be created to optimize bat-
tery performance. Some common func-
tional blocks are field-effect transistor
(FET) drivers, fuel gauge monitoring,
cell voltage monitoring, and tempera-
ture monitoring.

Some solutions require microcon-
trollers and some others run indepen-
dently. Let’s look at these two products
as examples of battery management sys-
tems: a high-voltage battery stack moni-
tor by Linear Technology and a 16-cell
battery monitor with passive cell balanc-
ing by Texas Instruments.

Linear Technology’s latest high-
voltage battery stack monitor is the
LTC2811 (Fig. 2). The LTC2811
enables high reliability, high stability,
and high measurement accuracy sys-
tems through the inclusion of internal
diagnostic capability to verify proper
operation such as open wire detection
between battery and monitor, auxiliary
voltage reference to confirm primary
reference accuracy to within +-5mV,

GO TO ELECTRONICDESIGN.COM

and dual-channel measurements to

confirm multiplexer and ADC accuracy
to within 0.01%.

LTC6811 also supports ISO 26262,
a standard that defines automotive
functional safety. ISO 26262 provides a
framework for developing and validat-
ing automotive products that are safe
from electronic and electrical system
malfunctions, including automotive
BMS malfunctions.

The LTC6811 can measure up to 12
series-connected battery cells at voltages
with better than 0.04% accuracy (Fig. 3).
Integrated into the LTC6811 is a 2-wire
isoSPI for high RF noise immunity to 1
Mbps and up to 10 meters of cable. The
LTC6811 offers both active balancing
and passive balancing. It includes inter-
nal passive balancing field-effect transis-
tors (FETSs) that can discharge individual
cells or directly control larger high-pow-
er external FETs. The LTC6811 can be
configured to discharge cells while in a
low-power state, such as when the battery
packis at rest.

“Accuracy is the most important
aspect of a battery management sys-
tem because the state-of-charge needs
to be constrained. It is necessary to have
a flat voltage charge/discharge curve in
the usable discharge range,” says Linear
Technology’s senior product market-
ing engineer, Gregg Zimmer, who also
highlighted the presence of a sub-surface
Zener reference in the LTC6811to pro-
vide stability and accuracy by constantly
measuring each cell’s voltage within less
than 1.2 mV of error.
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Cell voltage = 3.3 V
5 Typical Units

2.0

Texas Instruments offers 15
the bq76PL536A-Q1 designed
for high-reliability automotive 1.0
applications (Fig. 4) for pro- s
tection against over-tempera- 5 03
ture, over-voltage, and under- E 0
voltage. The bq76PL536A-Q1 £
is an integrated 16-cell moni- 3 -0.5
tor that provides pins for direct =
drive of external N-FETs for 10
passive cell balancing with s
power resistors.

It is intended to be used ‘2»0_50

with a host controller to maxi-
mize the functionality of the
battery management system.
The bq76PL536A-Q1 offers
high accuracy analog-to-digi-
tal (ADC) with 14-bit resolu-
tion with internal reference
and it is able to communicate
with a host microcontroller
via a high-speed universal
asynchronous receiver/trans-
mitter (UART) interface.

The device contains user
selectable self-test features to
diagnose functional blocks
within the device, such as
automatic shutdown in the
event of over temperature, calibration
integrity, and so forth. The bq76PL536A-
Qlwas not developed in a manner to
meet all ISO26262 specifications but it
can still help customers meet functional
safety standard requirements through
built-in self-tests to validate defined
internal functions.

As we can see from these products,
each of them has different protection fea-
tures. There are products for every cos-
tumer need and after all it is up to the
costumer to decide which battery man-
agement system works best for them.

ENVISIONING THE FUTURE

“The constant advances in power elec-
tronics and the tremendous interest of
several vehicle manufacturers in electric
vehicle, together with the constant devel-
opment of battery chemistries and bat-
tery management systems, will certainly

4. The bq76PL455A-
Q1 enables accurate
computation of a
battery pack’s state
of charge and state of ~
health by precisely
measuring cell volt-

=25 0 25 50 75 100 125

Temperature (°C)

The LTC6811 measures every battery cell within less than
1.2mV of error. (Courtesy of Linear Technology)

age and also provides

passive and active cell-balancing support to extract the
maximum amount of energy from the battery. (Courtesy of
Texas Instruments)

improve the efficiency of batteries and
help the rise of the electric vehicle mar-
ket says Zimmer.

Battery performance is a fundamen-
tal ingredient in the success of electric
vehicles. Researchers keep looking for
better battery chemistries that could
help improve battery life and the num-
ber of charge cycles to design high-per-
formance rechargeable batteries. Power
electronics will keep advancing while
battery management systems will benefit
from the latter. Automotive battery man-
agement systems will continue to work
on maximizing driving distances and life
time for battery packs. &=l

REFERENCES:

Fran Hoffart, “Proper care extends li-ion battery life,”
Linear Technologies, 2009, California.

Michael Kultgen and Jon Munson, “Battery stack
monitor extends life of Li-lon batteries in hybrid elec-
tric vehicles.”

Battery University website.
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4. The NAT-PM-AC600 includes a robust Enhanced Module Management Controller that
interfaces the power-control functionality via the Intelligent Platform Management Bus to

the MicroTCA Carrier Hub. (Courtesy of Networking, Automation, and Technology)

MicroTCA was originally intended for
smaller telecom systems at the edge of
the network. But it has moved into many
non-telecom applications. Standard-
ized, ruggedized versions are becoming
popular in mobile, military, telemetry,
data-acquisition, and avionics applica-
tions because MicroTCA offers an open-
bladed architecture that reduces size,
weight, power, and cost.

For example, VadaTech is a manu-
facturer of embedded boards, enabling
software, and application-ready plat-
forms that offers solutions for a range
of markets, including the military and
aerospace markets. One of its products
is a single-module power module, the
UTCO11 (Fig. 2). The VadaTech UTCO11
is a 241/460W power module for use in a
MicroTCA air transport rack chassis.

The power module runs at 84% effi-
ciency when running at maximum load,
resulting in 200/400 W (available to the
system). It is fully compliant with the
MicroTCA.0 revision 1.0 specification,
including dual-redundant I2C buses
(IPMB-0).

Networking, Automatization, and
Technology (NAT) is a supplier for
board- and system-level products based
on AMC and MicroTCA. It offers the
NAT-PM-AC600 power module, which
is an example of a high-density and high-

GO TO ELECTRONICDESIGN.COM

efficiency power module that could eas-
ily be used in applications such as medi-
cal, security, and industrial machine
control (Fig. 3).

Supplying 600 W, it provides electri-
cal support for the expected workload
of 12 AMCs, two cooling units, and two
MicroTCA carrier hubs. It supports
redundancy as well as load-sharing
modes in accordance with the Micro
TCA specifications. In case of an input
power-supply failure, the power for the
onboard EMMC can be provided by
SMP power from other power module.
As a result, the MCH is able to analyze
root-cause failure (Fig. 4).

Power modules are critical to the suc-
cess and reliability of a MicroTCA sys-
tem, due to the amount of power func-
tions that are centralized on them. There
are many power modules in the market
that comply with the MicroTCA fam-
ily of specifications (MicroTCA.1, Micro
TCA.2, MicroTCA.3, and MicroTCA 4).
Depending on the applications, designers
are able to apply the specifications and
produce equipment with high efficiency,
reasonable size, and modularity. &8l
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Power-Saving Tips

When Rapid Prototyping
ARM Cortex-M MCUs

Combining the flexibility of a rapid-prototyping framework with the best practices in
low-power programming shouldn’t be a big mystery.

ore and more, we're
seeing novel ideas,
products, and appli-
cations arise from
enthusiast developer communities rather
than big corporations. Think of all the
recent technology products from crowd-
funding sites like Kickstarter, Indiegogo,
and Tindie. With billions of devices pro-

jected to make up the Internet of Things  pegp-

(IoT), a wealth of opportunities awaits  sleep
current

entrepreneurial developers. But before
reaping the potential rewards, there are
challenges to overcome.

Current Energy = Power x Time

@ = Total energy consumption

} 24 MHz x active power I:I = Equal energy consumption
consumption per MHz

7

_

12 MHz x |
active power

consumption E
er MHz

N p
T Time
Wakeup Active time Wakeup Active time at 12 MHz
time at 24 MHz time = 2X active time at 24 MHz

Getting to market faster than the com- 1. Lower clock speeds don’t necessarily mean lower total power consumption.

petition is imperative in today’s [oT era.

The concept of being first to market with a viable productis  trollers (MCUs) basically comprise massive amounts of transis-

widely accepted in the industry. To succeed with fast time to  tors set up as switches, the most important factor in the total

market, you need to shorten the development time. In the soft-  power consumption is the active (or switching) power. Every

ware/firmware engineering world, multiple
rapid-prototyping frameworks have sprung up
to accelerate this effort with various degrees of
success. Most are not very effective in minimiz-
ing power consumption, though. And with
increased focus on battery life for IoT devices,
this becomes a major design challenge.

WHERE DOES MY ENERGY GO?

First, let’s take a step back and consider the
relationship between power and energy con-
sumption in semiconductors. Since microcon-

32

void sleep(void) {
PRIMASK = 1;
if (lowest_possible_core_mode == sleep) SLEEPDEEP = 0;
else if (lowest_possible_core_mode == deepsleep) SLEEPDEEP = 1;

do_housekeeping_sleep(lowest_possible_vendor_mode);
WEFI();

do_housekeeping wakeup();

PRIMASK = 0; // Callbacks will execute here!

return; // Return control to the user

Pseudocode for sleeping without race conditions on Cortex-M.
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60V Buck-Boost LED Driver with Up to 98% Efficiency Hus
Internal PWM Dimminyg und Spredd Spectrum — Design Note 548

Keith Szolushu

Synchronous buck-boost converters with four power
switches can deliver very high efficiency while provid-
ing both step-up and step-down DG/DC conversion.
Combining the capabilities of two separate convert-
ers (buck and boost) has the advantage of reduced
solution size and cost. Four-switch converters should
be able to operate with just two switches for highest
efficiency when only step-up or step-down conver-
sion is needed. However, they must also be able to
utilize four-switch operationas Vyand Voytapproach
each other,andtotransition gracefully betweenthese
regions of operation. Gombining control loops for
two-switch boost, two-switch buck, and four-switch
operation, and designing nearly flawlessly transitions
betweenthese regions of operation hasits challenges.
However, the next generation of buck-boost convert-
ers masters these challenges and more.

0.004Q L1,4.8uH

The LT®8391 60V four-switch buck-boost LED driver
is designed to drive high power LEDs up to 250W and
to flawlessly transition between two-switch boost,
four-switch buck-boost, and two-switch buck regions
of operation. A patent pending four-switch buck-boost
current-sense resistor control scheme provides a
simple, yet masterful method for the IC to run in peak
current mode control in all regions of operation with
a single sense resistor. This new generation buck-
boost LED driverfeatures spread spectrumfrequency
modulation and internally generated PWM dimming,
which work together. The LT8391 has flicker-free
PWM dimming with both internal and external PWM
dimming, even when spread spectrum is turned on
(another patent pending technique).

A7, LT, LTC, LTM, Linear Technology and the Linear logo are registered
trademarks of Linear Technology Corporation. All other trademarks are the
property of their respective owners.
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Figure 1. LT8391 4V to 60V Four-Swifch Synchronous Buck-Boost LED
Driver Powers a 25V 2A (50W) String of LEDs at Up to 98% Efficiency.
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98% Efficient Buck-Boost LED Driver

The LT8391 high power buck-boost LED driver in
Figure 1 drives 25V of LEDs at 2A from a wide input
voltage range. Efficiency can reach 98% at ts highest
point. Over the typical automotive battery range of
9V to 16V, the converter operates between 95% and
97% efficiency. With a single high power inductor,
the temperature rise is low, even at 50W. At 12V, no
component rises more than 25°C. At 6V, the hot-
test component rises less than 50°C with a standard
4-layer PCB and no heat sink or air flow. This leaves
room to increase the power output of the converter,
making hundreds of watts possible.

The LT8391 operates down to 4V y, where Ijy can get
very high. The LT8391 is designed to either handle
very high input currents or use its peak switch cur-
rent limit to operate with stability at low Vy while
reducing output power. This allows the converter to
run through automotive cold-crank voltages or other
dropsinVywithoutanincrease in power component
size or cost.

TheLT8391 canachieve 1000:1 PWMdimming withno
flicker. The high side PWM (TG) MOSFET PWM dims
agrounded LED string. It also acts as an overcurrent
disconnect during short-circuits.

Internally Generated PWM Dimming

TheLT8391 has both standard external PWM dimming
and internally generated PWM dimming. LT8391’s
unique internal PWM dimming eliminates the need
for components such as clocking devices and mi-
crocontrollersto generate accurate PWM brightness
control at ratios as high as 128:1. The IC’s internally
generated PWM frequency, such as 200Hz, is set by
a simple resistor on the RP pin. A voltage between
1V and 2V on the PWM pin determines the PWM

70

70

duty cycle. The duty cycle of the internal dimming is
chosen as one of 128 steps and internal hysteresis
prevents duty cycle chatter. The <+1% accuracy of
internally generated PWM dimming is the same for
all regions of operation.

Spread Spectrum Frequency Modulation
(SSFM) Reduces EMI

SSFM reduces EMI in switching regulators. Although
the switching frequency is most often chosen to be
outside the AM band (530kHz to 1.8MHz), unmiti-
gated switching harmonics can still violate stringent
automotive EMI requirements within the AM band.
Adding SSFM significantly reduces EMI both within
the AM band as well as other regions.

When activated, SSFM drops the LT8391’s 50W LED
driver EMI below both the peak and average EMI
requirements of CISPR25 (Class 5) in the AM band.
CISPR25 average EMI limits are 20dBpV lower in
some places than peak limits, and harder to pass
for switchers. For this reason, LT8391’s novel SSFM
reduces average EMI more than its peak. There is
18dBpV or more reduction of average EMI and about
5dBpV of peak EMI reduction.

In some LED converters, SSFM and PWM dimming
do not work together without causing flicker. SSFM,
a source of changing switching frequency, may ap-
pear as noise to the outside world in order to spread
EMI lower than its non-spread peak values, but it can
work with PWM dimming for flicker-free operation.
Linear’s patent pending PWM dimming and SSFM
operation runs both functions simultaneously with
flicker-free operation, even at high dimming ratios.
At 1000:1 PWM dimming with external PWM and at
128:1internally generated PWM, SSFM operates with
flicker-free LED current.
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Normal flow Interrupt context

SLEEPING—THE MOST COMMON WAY

Basic framework APls Asynchronous framework APls

2. An asynchronous programming model is more complex, but allows you to reap the ben-

efits of autonomous operation possibilities of the MCU.

switching transistor dissipates an amount of energy on each tran-
sition equal to the load capacitance times supply voltage squared.
More transitions per second (aka a higher core frequency) will
thus lead to higher active power consumption, but also shorter
execution time, as shown by the red areas in Fig. 1.

The total active energy consumed equals the instantaneous
active power consumption multiplied by the time during which
the circuit was consuming said power, so you will end up with
the exact same active energy expended as performing the same
operation at a higher frequency. Taking into account other fac-
tors that are at play, it's generally better to execute your program
as quickly as possible to get rid of the extraneous power con-
sumption of inactive parts of the circuit.

Your MCU’s datasheet therefore mentions specs for maxi-
mum clock frequency, as well as a current consumption figure
in the unit of current per megahertz. Peripherals often will have
additional constraints on the clock frequency due to the transis-
tors again: The smaller the transistor, the smaller its capacitance,
and the less energy it will consume by switching. Its transition
time will grow longer though, leading to lower achievable speeds.

As a result, MCU vendors reduce power consumption by
making design decisions on each part of the IC to find the most
efficient mix of smaller, slower, but more energy-friendly tran-
sistors, versus bigger, faster and higher-power transistors. So if
your application only needs a 1-MHz communications bus, it’s
better to select an MCU with a maximum of 10 MHz versus one
that scales to 100 MHz.

EFM32 HAPPY GECKO WAKEUP TIMES

EMO EM1 EM2 EM3
From/to (sleep  (deep-sleep (stop
(M=) mode) mode)
WGE Engme — Few cycles 2 us

mode)

2 s

er Management), we see that two specific

I I
| |
I I
I I
S ey | | TO CUT CONSUMPTION
! ! Since you can’t do anything about how
L | L | the vendor sized the transistors or designed
el : Go back to : and laid out the circuit, we’ll move on to
function | | Program execution | Service ranshe software techniques. For the purpose of this
S I S 5! ervice Tansier article, let’s select a generic MCU based on a
| z L .
o—— Wasted Sleep () : iy User code Cortex-MO0+ core, which in turn is based on
done power | (called by user) 1 (Nofify user through Callback the ARMv6-M microarchitecture.
‘ : ‘ 4__}__ el e aet e By using this core, we already get some
— I I provisions to reduce power. From the
Return when : Return fm.m : Cortex-M User Guide (Chapter 2.5, Pow-
done : sleep function !
I
I

instructions are implemented: wait-for-
event (WFE) and wait-for-interrupt (WFI).
These instructions will halt the core execu-
tion until the occurrence of either an event
or interrupt. To correlate this action with
our power theory, it will switch off the clock to the processor
core, meaning that all of those transistors will stop switching,
significantly reducing power consumption when you don’t
need the core.

In addition, there’s a SLEEPDEEP bit in the core registers.
According to the Cortex-MO0+ User Guide, “regular” sleep
mode stops the processor clock, while deep-sleep mode (when
SLEEPDEERP is set) will stop the system clock, switch off the
phase-locked loop (PLL), and switch off the flash memory.

Deep sleep can have additional properties depending on the
MCU vendor, since its defined by ARM as being partly imple-
mentation-specific, although vendors generally don't diverge
too much. They can and do, however, implement even more
power states, which you can use to your advantage. Read your
MCU’s reference manual to find out.

SLEEPING IS ATOOL, NOT A GOAL

You may think, “Okay, let’s get our program to go to sleep
as quickly, as fast asleep, and as often as possible.” While you
would be correct for the most part, another tradeoff also
should be considered.

Waking up from a sleep mode requires time and energy, and
these two variables change with how deep the MCU sleeps, as
shown in the table. While switching between run mode and
the first sleep mode might be quick and painless, switching in
and out of deep sleep is definitely not due to the need to restart
clocks and re-initialize peripherals.

For this reason, you should perform

measurements on different versions of
EM4

(shutoff

mode)

your code to determine if it's more appro-
priate to use a higher-power sleep mode.
The other alternative is to not go to sleep
160 ps at all, and subsequently reduce the clock

frequency appropriately.
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MAXIMIZING SLEEP TIME

Sleep mode is entered by calling WEE or WFI, and execution
will resume when there’s an event or (enabled) interrupt pend-
ing, respectively. Thus, if you want to successfully implement a
sleeping, power-efficient application, interrupts are needed to
signal the core when to wake up to do processing. They're espe-
cially useful for long-running operations or external events,
such as button presses, data transfers, ADC conversions, and
waiting for a timer or RTC to expire.

Since the processing core is the most power-hungry part of
an MCU, doing as much as possible without its active involve-
ment is the biggest impact you can have on reducing the MCU’s
energy consumption.

To that end, the vast majority, if not all, of Cortex-M-based
MCUs also implement direct memory access (DMA). Using
DMA, you can move data between peripherals and RAM while
the core is sleeping, resulting in longer sleeping times and
reduced energy consumption.

Some MCU vendors take this technique of reducing process-
ing core involvement even further. They allow you to imple-
ment custom logic (such as Cypress’ PSoC family) or have
specific on-chip constructs (such as the Peripheral Reflex Sys-
tem of EFM32 MCUs) that enable peripherals to work together
without waking up the core.

CHANGE THE PROGRAMMING MODEL

But how do you take advantage of all of these goodies in a
rapid-prototyping context? Consider for a moment the basic
APIs of an MCU'’s rapid-prototyping framework (not an RTOS).
Odds are that the interface works something like the left side of
Fig. 2. When you want your system to do something, you call a
function to do it, and that function returns when the action is
complete. The framework is set up in this manner because the
programming flow is simple and linear.

However, this approach comes with a major downside. Your
program is stuck doing one task, so you can’t easily perform
another task at the same time. The implementation could
enable the function to go to sleep during the transfer, but then
you run into other questions, such as, “How deep do you sleep?”

Regular APIs

3. Replacing a synchronous programming model with an asynchronous version shows a 35X

improvement in energy consumption.
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To save power, we must therefore make changes in the way
the underlying system works, and how the user interfaces with
it. To that end, one can implement an “asynchronous program-
ming model,” as illustrated on the right side of Fig. 2.

This means you call a function to start a long-running
action, and that function immediately returns after setting up
the system for the requested action. The action will then be
executed in the background with the help of interrupts and
possibly DMA transfers until completion, all of which is trans-
parent to the user.

But what if the user wants to know that the transfer actu-
ally finished? In this case, the asynchronous model supports
so-called callback functions. These functions can be written
by the user and passed as an argument when calling the “start
action” function. The callback function then gets called when
the action is complete, or when something else happened to
cause the action to be aborted, leveraging the power (savings) of
autonomous operation.

SLEEPING REVISITED

Since all of this happens independently of the main program,
the user can now be given the option of sleeping. By letting the
user choose, we actually enable better ways to optimize power.
The programmer knows the expected behavior of the applica-
tion, so he/she can make a decision to sleep or not to sleep.

For the system to know how deep to sleep in such a case, it
also must keep track of the peripherals in use and their power-
mode constraints (e.g., through reference counting). Then,
when the user calls sleep, you check those counters and go to
the lowest possible sleep mode, turning off every idle clock to
stop as many transistors as possible from switching.

AVOIDING RACE CONDITIONS

Seasoned programmers will notice a problem here. Because
the system is doing housekeeping between deciding which sleep
mode to enter and executing the actual WFI instruction, it’s
possible that the action we were waiting for has already com-
pleted, and the callback function executed at that time. This
is very inconvenient, since the decision on the sleep mode has

already been made, but the conditions for

that decision may have changed through
the callback.

For example, if the callback was from
a timer, but that callback started a seri-
al transfer, it’s possible that the system
will now continue entering a lower sleep
mode than the serial transfer supports.
This messes up the whole program
behavior in the process—and possibly
sleeping permanently.

To prevent our MCU from turning
into Sleeping Beauty, we need a prince

MARCH 2016 ELECTRONIC DESIGN



to come and save us. It turns out that prince comes in the form
of a bit in the Cortex-M core. That bit, called PRIMASK, dis-
ables all interrupts (except for the non-maskable ones, such as
HardFault) from executing. However, doesn’t that shut down
our wakeup source?

When you examine the definition of the WFI instruction,
you will see that it not only wakes up to service an interrupt,
but also when an interrupt becomes pending that would have
happened if PRIMASK wasn't set. This means that if an inter-
rupt occurred between making the decision and calling WFI,
WEFI will not put the core to sleep but rather return immediately.
Also, turning off PRIMASK will result in the interrupt getting
serviced, as indicated in the code listing (p. 32).

REAL-WORLD EXAMPLE

To show what kind of impact this has on a real-world rapid-
prototyping environment, we implemented these techniques
inside of the ARM mbed framework. It provides an API that’s
completely hardware-independent from a user’s perspective.
The same application code can run on any Cortex-M MCU,
regardless of the vendor, as long as the vendor implemented the
mbed HAL for its MCU.

To demonstrate the effect of these changes, we measured
the power consumption of an application built with mbed (see

https://developer.mbed.org/teams/SiliconLabs/code/memLCD-
Demo/) driving a graphical LCD while keeping track of time.

Considering that the power profile shown in Fig. 2 includes
the LCD’s power consumption, the results are impressive. Figure
3 shows the impact of different program functions on the appli-
cation’s energy profile. Using the regular mbed APIs, the average
current over one iteration is 3.06 mA. When we implement the
same demo using the asynchronous programming model and
sleep in between, we can reduce current consumption to a low
88 pA, leading to a factor 35 improvement in battery life.

CONCLUSION

While this article only scratches the surface regarding power-
saving techniques, it’s clear that using a rapid development
framework like ARM mbed OS should not be a battery-life
killer. Using common, vendor-independent techniques can
greatly reduce your application’s energy consumption, and that’s
a great starting point for energy optimization. &%

STEVEN COOREMAN, Software Engineering Manager, loT MCU
& Wireless, Silicon Labs, is a native of Belgium. He currently works
as lead ARM mbed OS developer, focusing on the company’s 32-
bit EFM32 Gecko portfolio. For a more detailed version of this ar-
ticle, visit www.electronicdesign.com.
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Computer Sound Card Provides Simple
Internet-Based Appliance Remote Control

JOSE M. MIGUEL | RF-LAB, UNIVERSITAT POLITECNICA DE CATALUNYA (UPC), BARCELONA, SPAIN jmiguel@sc.upc.edu.

USING A STANDARD PC SOUND card and straightforward cir-
cuit, you can implement low-cost on/off control of home
appliances via the Internet. The system consists of a local
computer (located where you are) and a remote computer
connected to a simple and inexpensive interface circuit with
relay output (Fig. I).

The local computer needs a browser and an application that
offers access to the remote computer over the Web, as if you
were sitting right in front of it. If you have installed Chrome
as your browser, you can add Chrome Remote Desktop. If you
use another browser, TeamViewer offers free remote access.

This circuit also allows you to check from the local computer if
the command is actually being executed.

In addition to the browser and remote-desktop access, an
application to generate an audio tone through the sound card
is needed at the remote computer. Dozens of these sinewave
generators are available. One good choice is Audio Testset
from Darkwood Designs. This free software also incorporates
a level meter that measures the input-voltage level applied to
the mic/line input of the computer’s sound card (Fig. 2).

When you access to the desktop of the remote computer and
operate the tone generator, a 1000-Hz, 2-V sinusoidal voltage
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P UL & CSA rated, RoHS compliant, and meet Reach regulations standards
P Free samples, fast shipping, and competitive pricing

AMETHERM

Circuit Protection Thermistors

: I'I I MOUSER
ELECTRONICS

ALSO AVAILABLE THROUGH
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plus remote o _oid| o |
=\ desktop control - .
/ B FreqHz 1000 -~ :II
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\ |:| Sound card

Speaker output _ | jnterface 1 K1
Remote circuit k
=\ Mic (line) input

Level dB | 0.0

Freq Run Time m5 | 1000

Software at remote PC

(i b R
. . Internet browser (such as Chrome) Mute Let | o B
’ sght
1. The system configuration plus remote desktop control |-22,5 |-55,8 _I 2] _I
Output off I | on

shows how the functions con- Tone generator
nect to enable remote system plus audio level meter | Pesks

control via the Internet, based
on the use of a standard com- 2. A level meter with digital readout and combined
puter sound card. with a sinewave test generator, such as this one from

Darkwood Designs, is critical to the operational setup.

' '
The:-World’s Leading Manufacturer of Miniature¥&

High Performance RTC/Modules/with embedded Crystal

Applications: Industrial Control, Dashboards, Navigation Systems, Automotive, POS Terminals, Metering, Data Loggers,
Health Care, Security Systems, White Goods, Digital Still Cameras, Wearables; I0T

Features: World’s Smallest Temperature Compensated RTC, Lowest Current Consumption, High Accuracy, Reliable Ceramic
Package Technology, High Volume Production, Extended Temperature Range up to 125°C,/AEC-Q200 Automotive Qualified

5.0x3.2 mm Package C2 3.7x2.5 mm Package C3 3.2x1.5 mm Package C7

Type Interface Supply Voltage Power Time Accuracy Features
RV-2123-C2 SPI 1t05.5V 130nA +20ppm @ 25°C Ultra Low Power
RV-8523-C3 12C . b 130nA +20ppm @ 25°C Ultra Low Power
RV-8564-C2/C3 12C . b 250nA +20ppm @ 25°C Popular Industrial Standard
RV-3029-C2/C3 12C . . 800nA +6ppm @ -40 to +85°C Temperature Compensated, Ext. Temp. Range
RV-3049-C2/C3 . b 800nA +6ppm @ -40 to +85°C Temperature Compensated, Ext. Temp. Range
RV-4162-C7 J ' 350nA +20ppm @ 25°C Miniature, Popular Standard
New RV-1805-C3 . d 60nA +20ppm @ 25°C X-TREME Low Power
NEw RV-8803-C7 A X : 240nA +3ppm @ —40 to +85°C Miniature, High Accuracy, Ultra Low Power
New RV-8063-C7 b . 190nA +20ppm @ 25°C Miniature, Popular Standard

“’ q Micro Crystal AG
— e Muehlestrasse 14 CH-2540 Grenchen Switzerland
AWHENS—— | Phone +4132 65582 82 Fax +41 32 655 82 83

; ) e e € O
MICRO CRYSTAL SWITZERLAND  Sales@microcrystal.com www.microcrystal.com A COMPANY OF THE SWATCH GROUP
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Ideas for Design

is available at the speaker output of the computer sound card.
(Adjust the reproduction audio volume to the highest value.)
This signal is connected to the input of the interface circuit,

then rectified via germanium diode D1 and filtered by R1/C2
into a dc voltage that feeds the non-inverting input of a com-
parator built around one-half of op-amp U1 (Fig. 3).

R9 +5V
Ré6 100k O—4¢
100k — VW ——— tc5
100 pF
Sound card R10 2 IM358_ 5
(mic or 10k 7 gl
line Input) 1 ) ¢ NV I I UTA 6
R c4 R8 ~ R7
13 T 220 nF 33k s L 100k D2
15nF
3 1N4001
D1 From USB connector
C1470nF  OA95 g +5V
| ° °
| +
R4 R1 @ L 2|
13 ! 47k 56k 680 nF —|— ~ 4 21M358
Sound-card 3 -
headphones ‘

+5V

3. The interface circuit uses common, standard components, with the filtered sound-card output driving a 2N2222 transistor that, in turn, con-

trols the ac-line relay.

FUELYOUR
CURIOSITY

Help us inspire the next generation
of innovators by becoming a
sponsor or exhibitor. Contact us
atinfo@usasciencefestival.org

USASsciEncE
ENGINEERING

i

5

LOCKHEED MARTIN g

JOIN US FOR: X-STEM (APRIL 14) & SNEAK PEEK FRIDAY (APRIL 15)

40

50+ STAGE SHOWS

SCIENCE
CELEBS

JOIN US AND 300,000 STUDENTS & FAMILIES FROM AROUND THE COUNTRY

FREE EXPO:

WALTER E. WASHINGTON CONVENTION CENTER IN WASHINGTON, DC

ReaISTER AT: USASCIENCEFESTIVAL.ORG

MARCH 2016 ELECTRONIC DESIGN


mailto:info@usasciencefestival.org
http://usasciencefestival.org

A 0.5-V signal is developed via the divider formed by
R2 and R3 at its inverting input. In this way, when the tone
generator is remotely activated, the comparator’s output goes
high and activates the relay K1 via transistor Q1. The relay
switches the appliance load on and off, so be sure the relay
contacts have sufficient peak and RMS voltage and current
ratings. (Note that Q1, a 2N2222, can switch up to 800 mA,
so select a relay with appropriate coil-current specifications.)
Diode D2 clamps the inductive kick of the relay coil when it
is de-energized.

When the comparator’s output goes high, an audio-
relaxation oscillator built around the other half of U1 is also
enabled. The frequency of this oscillator is adjusted by R8
and C3 to be in the audio range (1300 Hz for the values indi-
cated). The generated square wave is attenuated by R10 and
R11 and feeds the line/mic input of the sound card. The level
meter of the Audio Testset software then will detect it, show-
ing it as a long green bar seen in the figure.

The computer’s USB connector can provide the 5-V sup-
ply voltage for the circuit. Note that the system used one of
the two channels of the computer sound card. Therefore,
you can duplicate the interface circuit and control another
appliance. &%

: JOSE M. MIGUEL works for the RF-Lab at
the Universitat Politécnica de Catalunya,
Barcelona, Spain. He can be reached at
jmiguel@tsc.upc.edu. :

IDEAS FOR DESIGN WANTED

Send us your Ideas For Design. We'll pay you $150 for every Idea For

Design that we publish. In addition, this year’s top design as selected
by our readers will earn an additional $500, with two runners-up each

receiving $250. You can submit your Ideas For Design via:

® E-mail: roger.engelke@penton.com
OR BY
Postal mail to:
Ideas For Design
Electronic Design
1166 Avenue of the Americas, 10th Floor
New York, NY 10036

Go to www.electronicdesign.com for our submission guidelines.

/O

32 Bit Microcontroliers

Embedded in Life
AnLRIXYS Company

Zilog's Line of 32-bit Cortex-M3 based Programmable Motor Controllers

INE032! uses high performance 32-bit computing, 3-phase PWM generators, and high speed ADC units to provide an effective, low-cost system solution for motor applications.

ADC
Part Number Core

TIMERS

‘ Flash ‘ SRAM ‘ Max. Freq. g ccolution

‘ UART ‘ SPI ‘ 12C ‘ MPWM ‘ 1/0 Ports

Z32F06410AES | Cortex-M3 64KB 8KB 48MHz 12-bit x 2-unit 1.5MS/s 6-16bit 2 1 1 1 2-unit 11 ch 44 48 LQFP
Z32F06410AKS | Cortex-M3 64KB 8KB 48MHz 12-bit x 2-unit 1.5MS/s 6-16bit 2 1 1 1 2-unit 8 ch 28 32 LQFP
Z32F12811ARS | Cortex-M3 | 128KB | 12KB 72MHz 12-bit x 3-unit 1.5MS/s 6-16bit 2 2 2 2 3-unit 16 ch 48 64 LQFP
32F12811AT! Cortex-M3 | 128KB 2KB 72MHz 2-bit x 3-unit .5MS/s 6-16bit 4 2 2 2 3-unit 16 ch 64 80 LQFP
32F38412AL Cortex-M3 | 384KB 6KB 72MHz 2-bit x 2-unit .5MS/s 10-16bit + FRT 4 2 2 2 2-unit 16 ¢ 86 100 LQFP
32F38412AT: Cortex-M3 | 384KB 6KB 72MHz 2-bit x 2-unit .5MS/s 10-16bit + FRT| 4 2 2 2 2-unit 16 ch 64 80 LQFP

Key Features:

¢ High Performance Low-power Cortex-M3 Core

* 64KB, 128KB, or 384KB Code Flash

¢ Memory with Cache function

* 8KB, 12KB, or 24KB SRAM

¢ 3-Phase PWM with ADC triggering function (1-2 Channels)
¢ 1.5Msps high-speed ADC with sequential conversion function
¢ Watchdog Timer

¢ External communication ports

¢ Six General Purpose Timers

¢ Industrial grade operating temperature (-40 ~ +85°C)

Typical Applications;

e BLDC/PMSM Motors

e OQutdoor Air Conditioners
¢ Washing Machines

* Refrigerators

=

. .
Design With Freedom

GO TO ELECTRONICDESIGN.COM

: -——7'-"‘_:':'?;

For more information about the ZNEO32! Series, Evaluation Kits, or to download product collateral and software, please visit www.zilog.com.

ZNEO32! Evaluation Kits
Z32F0640100KITG
Z32F1280100KITG

ZNEO32! 64K Evaluation Kit
ZNEO32! 128K Evaluation Kit

Z32F06410AxS Block Diagram

POR MOSC
(4/8Mhz Xtal)
DMA

VDC/LVD
(1.8V)

o

M
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New Products

Mini Isolated/Regulated DC-DC Con-
verters Provide 2 and 3 Watts

THE MFWO03 SERIES of high-performance
dc-de converters from MINMAX deliver 2 W
and 3 W of oufput power in an encapsulated
package with dimensions of 0.55 in.x 0.55
in.x 0.31 in. Both families offer 28 models with

10 GbitE Modular Connector Sysiem Equipped for CAT6A

MULTI-CONTACT'S new CombiTac-10GBIT-RJ45
S combines power up to 300 A, signal, thermo-
couple, coaxial, fiber optic, pneumatic, and
hydraulic connections in a single modular
connector system. Built for applications requir-

ing all-in-one space saving modular connec-
tors that guarantee long life performance under the most demanding
mechanical and environmental conditions, the 10 Gbit module meets

MINMAX ®

3-12505
MFW02-12505 543 C€ M ‘

1543 C€ MAhus

high speed CAT6A Ethernet needs in industrial applications such as
data communication from machines/equipment fo manufacturing
control networks, M2M and real time data sharing between facilities.
The module achieves 100,000 mating cycles and guarantees

stable high-quality performance from start to beyond its expected life-
cycle.The 10 Gbit module meets railway standard requirements of EN
45545-1, is vibration-resistant according to [EC 60512-6-4, and meets
UL 1977 requirements up to 30 Vrms. Multi Contact offers worldwide
A-Z assistance in designing 100% customized CombiTac-10GBIT-RJ45
S connectors, adapted fo exact technical and dimensional needs,

and supplied with or without cable pre-assembly.

4.5-10/9-18/18-36/36-75 Vdc input ranges

MULTI-CONTACT,

and single/dual output models ranging
from 3.3 ~ 15 Vdc. High efficiency up fo 87%
enables an ambient operating temperature
range of -40°C to +80°C (derate linearly fo 50% power from
70-80°C). Features include 2:1 input voltage range, fully
regulated output voltage, 1,500 Vdc 1/O isolation, -40°C to
+80°C operating ambient temperature range, no minimum
load requirement, and under-voltage lockout with over-
load/short-circuit protection.

All models are Reach compliant, RoHS compliant,
conflict-mineral free, and have been qualified per the CB
scheme with safety approvals to UL/cUL/IEC/EN60950-1
standards suiting the converters for use in any application
where space is critical. The ultra-compact DIP-8 packaged
MFWO02 and MFW03 models are in stock and available
now with prices starting at $8.26 each/500 for the 2 W
single output models.

MINMAX

www.multi-contact-usa.com

STM32 MCU Embedded Development Offered for
Linux Users

STMICROELECTRONICS is extending opportunities to
design free of charge with its STM32 MCUs for Linux system
users including professional engineers, academics, and
hobbyists. While most development fools for embedded
computing have been available only for Windows PCs, the
STM32CubeMX configurator and initialization tool and the
System Workbench for STM32 (SW4STM32), an IDE created
by Acé Tools, supported by the openSTM32.org community,
are now both available fo run on Linux OS.

System Workbench for STM32 supports the ST-LINK/V2
debugging fool under Linux through an adapted version
of the OpenOCD community project.

STMICROELECTRONICS

www.minmax.com.tw

www.st.com

Solid State Relays and Contactors

CARLO GAVAZZI

Chassis mount solid state relays (SSRs) available in one, two
or three pole switching designs. Single phase types up to 125
amps, two pole types up to 40 amps and three phase types up
to 75 amps. Also offered in our new slim-line design (up to 90
amps) and compact fast-on type (up to 25 amps).

DIN rail or chassis mount solid state contactors and SSRs which
are UL508 rated for motor loads, and feature integrated heat
sinks, fans and large load terminals. Designed for switching
single phase loads up to 85 amps (15 Hp) and two or three pole
types for switching up to 75 amps per phase (25 Hp).

4 or 16 cycle), or so

Specialty SSRs for your growing demands: System Monitoring
SSR for line /load voltage and load current, fused SSRs provide
more protection, and 1, 2 and 3 pole proportional controllers
with several swik:hing

modes: phuse ung|e, distributed burst (1,
start.

Carlo Gavazzi is one of the fastest growing SSR manufacturers worldwide! Contact us if you're interested in a free evaluation sample (qualified OEMs only).

42

GavazziOnline.com © 847.456.6100 ¢ Info@CarloGavazzi.com
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INTRODUCING THE NEW WWW.DEANTECHNOLOGY.COM

In a world that demands more information, faster, we’re introdueing a new site

that exceeds those expectations. Built on top of a comprehensive product database,
and using the most contemporary technology, our new site offers simple~navigation
to the most accurate and constant product information in the industry.

And that’s just the first step... we’re reinventing the delivery of electronics product
information while maintaining our commitment to world class engineering and
customer support. It is now easier than ever to find exactly what is needed

for your high voltage or high power design.

Visit us today and discover how easy it should be.


http://www.deantechnology.com

|
werdd

NEW WORLDS

HiGH VOLTAGE STANDARD POWER SuppPLY

VMLI's Newest, Digitally Controlled
40kV High Voltage Power Supply

Output Voltage: -4k\} to -40kV-__;‘_
Output Power Max.: 4W
PHysicAL Dims™ =

6.5”1x21”wx1”"h
165mm 1 x 53.3mm w x 25.4mm h

*SugjecT TO CHANGE
WWW.VOLTAGEMULTIPLIERS.COM

(P) 559.651.1402
(F) 559.651.0740

Why shouldUVZZ?

catch your eye &

UV curable epoxy meets
NASA low outgassing requirements

Nanosilica
reinforced

e Linear shrinkage <1%
e Abrasion resistant

Outstanding
optical clarity

Refractive index 1.52

High temperature resistant

e Serviceable from -60°C to 175°C
o T, (with post cure] 135°C

6:9 MASTERBOND' 07T

ADHESIVES | SEALANTS | COATINGS ULNERTI

Hackensack, NJ 07601 USA e +1.201.343.8983 e main@masterbond.com

www.masterbond.com
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New Products

FITARA-Compliant Network Emulator Supports
High PPS Throughput

THE EDS-10/40G NETWORK emulator from East

Coast Datacom supports copper or fiber Ethernet for
10/100/1000, 10 GbE, and 40 GbE WAN

Emulation festing in one platform.The
COITS hardware design supports high
PPS throughput rates, and is fully FITARA
hardware-compliant. FITARA compliance
allows users to expand the capabilities
of the system or replace system parts
with Infel COTS hardware.The unit sup-
ports a host of user-defined options for
network bandwidth, latency, jitter, packet
loss, and other important network impair-
ments. A pipelined software architecture
exploits the power of Intel multicore
XEON processors. Network |/O is sped up
by new high-performance Infel network
adapter cards, the Netmap software
framework, and careful tuning of the

Linux operating system

Stages of processing such as input,
fraffic selection, shaping and delay emulation, packet
manipulations, and output are assigned to differ-
ent cores, according fo speed requirements and the
complexity of the processing. This allows the emulator
fo scale performance as the number and speed of the
LAN ports grow. Supplied in a 2U-high, rack-mount, or
benchtop chassis, the EDS-10/40G network emulator
has a list price of $16,995.
EAST COAST DATACOM
www.ecdata.com

MCUs with Integrated PLL Simplify EtherCAT
Implementation

INFINEON TECHNOLOGIES seeks fo reduce EtherCAT imple-
mentfation complexity with its XMC4300 series of MCUs.
Specifically developed for industrial applications that
make high demands on design flexibility, connectivity, and
real-time performance without compromise to EtherCAT
communication features, the series targets applications
comprising factory automation, industrial motor control,
1/O modules, and robotics.The new series builds on the
XMCA4800 series, which places special emphasis on com-
munication and actuators and sensors. Both series are infe-
grated with EtherCAT node on an ARM Cortex-M processor
with on-chip flash and analog/mixed signal capabilities.
INFINEON TECHNOLOGIES

www.infineon.com
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UPS Provides Cyber Security for Industrial Con-
trol System Backup

BEDROCK AUTOMATION'S cyber-secure UPS.500 stand-
alone UPS for industrial-control system applications fea-
tures onboard electronics that enhance the performance
advantages of Li-lon polymer battery fechnology, manage
deep authentication cyber protection and enable secure
Ethernet communications.The UPS

Encased in a sealed aluminum housing and compliant
with IP67 and NEMA 4X standards, the UPS is rugged and
shock- and vibration-proof for use in extreme environ-
ments.The Bedrock UPS.500 is due for delivery in June
2016 with a suggested price of $4,000.

BEDROCK AUTOMATION
www.bedrockautomation.com

provides 24 Vdc 12 Ah of power for
any DCS, PLC, PAC, or SCADA RTU
application. An onboard secure MCU
controls the Li-lon polymer battery
cell-by-cell, augmenting its positive
features.The onboard electronics en-
able the patented embedded deep
frust ICS cyber security, which works
fransparently and instantly upon
startup to manage the authentication
process. And with the secure onboard
MCU comes secure 10/100 Mbit Eth-
ernet IPv4 and IPv6 communications

10:05 AM

Your first hoard is
ready to test.

Your circuit design is
done and you're ready
to make a prototype.

11:48 AM

Why not try a different
approach before you
head to lunch?

Your second board is
ready to test.

After a few tweaks,
you're ready to make
your finished board.

Your finished board is
ready to go.

- .Nice work. You just
ﬂ."__/ - | shaved weeks off your

development schedule.

All in a day’s work

and support for SSL Embedded Web
Server and embedded IEC 62541-OPC
Unified ArchitectureServer. Bi-direction-
al communications enable control,
diagnostics and status reporting. More
than 35 diagnostic variables can be
monitored, frended, alarmed, and
historicized via SCADA, enterprise, and
cloud applications securely.

GO TO ELECTRONICDESIGN.COM

ProtoMat® Benchtop PCB Prototyping Machine

What would your day look like tomorrow if you could
cut yourself free from the board house and produce
true, industrial quality PCBs right at your desk?
LPKF's ProtoMat benchtop prototyping systems are
helping thousands of engineers around the world
take their development time from days and weeks
to minutes and hours. In today’s race to market,
it’s like having a time machine.

www.lpkfusa.com/pcb
1-800-345-LPKF

“You can’t beat an LPKF system
for prototyping. We do up to
three iterations of a design
within a day.”

Leonard Weber
Agilent

EPIE

Laser & Electronics
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The Easiest Way to Design Custom
Front Panels & Enclosures

Free

i

Front Panel
Designer

We machine it
and ship to you a
professionally finished product,
no minimum quantity required

You design it
to your specifications using
our FREE CAD software,
Front Panel Designer

o Cost effective prototypes and production
runs with no setup charges

e Powder-coated and anodized finishes in
various colors

e Select from aluminum, acrylic or provide
your own material

e Standard lead time in 5 days or express
manufacturing in 3 or 1 days

FRONT PANEL
EXPRESS

FrontPanelExpress.com

ARE YOU WIRED IN?

Zierick Manufacturing specializes in Wire-to-
Board and Board-to-Board applications. Offering
standard solutions for wire gauges from 14 to 30;
whether the wires have insulation on, stripped and
tinned or have a terminal applied.

Our US-based experts can also offer custom
stamping solutions while all facets of manufacturing
are done in our ISO Certified New York facility.

“Gonnect with Us”™
www.zierick.com * 800-882-8020
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New Products

Crimson-Enabled E3 1/0 Platform Integrates
Networking \
A RUGGED E3 1/0 MODULE platform '
from Red Lion Controls includes 17
high-density /O modules with hard-
ened metal enclosures and powerful
communication options. Designed
fo withstand the critical demands of
localized and distributed 1/O ap-
plications, the Crimson 3.0 software-
enabled I/O modules feature robust networking capo-
bilities with redundant Ethernet ports and built-in serial
communication. With one RS-485 terminal block and dual
Ethernet ports that include user-selectable Ethernet modes
for ring, pass through and two network, the E3 1/0O modules
can eliminate the need for additional switching devices.
The modules also offer up to 34 mixed 1/O points including
input/output, analog/discrete and temperature 1/O for
complex industrial applications.

RED LION CONTROLS

www.redlion.net

Portable Power Source Offers 3 kV Medical-
Grade Isolation

THE MD SERIES of rugged, porta-
ble medical-grade power sources
from Triad Magnetics claim to
safely and reliably isolate medical
devices, diagnostic instruments,
patient monitoring equipment,
and electrical stimulus therapeu-

fic equipment from the power line.

The series is available with output voltage of 120 Vac in
ratings from 250 VA to 2,400 VA, with two or four NEMA
5-15 receptacles. Units are available with 240 Vac or 120
Vac input and feature 3 kV galvanic isolation, 5% no-
load fo fulHoad regulation, and 92% typical efficiency
at full load and less than 10 pA typical leakage.

The construction of the MD Series toroidal tfrans-
former minimizes leakage currents from the power line
through to the patient and equipment.The series offers
the capability of providing medical-grade power to
several different instruments within the space of a po-
fient’s room.The MD Series of power sources are priced
ranging from $136.87 each/10 for the 250 VA models
to $457.69 each/10 for the 2,400 VA models.

TRIAD MAGNETICS
www.triadmagnetics.com
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DirectConnection

Injection n-Tqur'ng
part Design

GET YOUR FREE
BOOK TODAY!

go.protolabs.com/ED6SD

proto labs’

Real Parts. Really Fast."

3D PRINTING | CNC MACHINING | INJECTION MOLDING

INJECTION FREE KEYSTONE’S NEW

M65 CATALOG!

152 multi-color pages
with over 5,000 quality
electronic interconnects
and hardware. Hundreds
of new products and
updates in imperial and
metric  sizes, spec’s,
photos and drawings.

Keystone Electronics Corp.
Visit www.keyelco.com for a FREE copy.

Device Switching Time Testers from AvTECH

OTTER

Avtech offers a full line of ultra-fast pulsers for .
switching time testing of diodes, transistors, s - -
opto-isolators and phototriacs. Some of our ! COMPUTER INC.
standard models include: i Since 1989
AVR-EB2A-B: +100 mA for switching diode tag £ vout Desian
AVR-EB4-B: +2A/[ -4A for ultra-fast rectifier ty, ] ﬁ—a———u— {’d:d . D -.,u.];‘.__oJﬁ
AVR-EBS-B:  +4A/-4A for PIN diode ta & Production
AVR-CD1-B 100 to 200 Alus for diode dl/dt to, 1
AVR-EBF6-B: +50 mAto +1A for diode tg, |
AVR-D2-B: MIL-S-19500 switching time
AVRQ-5-B: 1.5 kV, 120 kVius, for CMTI
Model AVR-CD1-B
output waveform
2AIDIV
!
A Best Quality ! Best Price
Pricing, manuals, datasheets, test results: D] Call more information at 408-982-9358
www.avtechpulse.com/semiconductor AVTECH E-mail:Sales@otterusa.com
info@avtechpulse.com WWW.OTTERUSA.COM
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Lab Bench
BILL WONG | Embedded/Systems/Software Editor

bill. wong@penton.com

KISSing Costly Cooling
Solutions Goodbye

The VITA 48.8 is following the KISS principal to provide
low-cost air cooling to rugged VPX systems.

ooling is always a chal-

lenge in rugged embedded

applications, especially

military applications. Air-
cooled systems tend to be easier to
work with, but often do not have
the cooling capacity of conduction-
cooled systems. It is also not a great
idea to just blow air across com-
ponents as in a conventional PC
or laptop, given the rugged target
environment.

The emerging VITA 48.8 Air
Flow Through (AFT) standard
aims to keep 3U and 6U VPX sys-
tems cooler with more efficient air
cooling while still enclosing the
boards. A typical system would
have air flowing up between
boards in the system (Fig. 1).
The spacing is the key as the
actual air flow is something that
can be done on a per-system
basis. More novel design flows
can be critical to the success of
rugged system designs that may
be deployed in compact drones
or other aircraft.

SWAP-C (size, weight, power
and cost) is the watchword for
rugged embedded systems and
VITA 48.8 is designed to address
the high power densities (as high
as 200 W per square centimeter)
that are being seen in the aerospace
and defense industries. VITA 48.8

48

allows heatsinks to be attached
directly to metal sidewalls on both
sides of the board. The sidewalls
are air cooled in addition to pro-
tecting the components on the
interior. The approach also allows
VITA 57 mezzanine cards to be
incorporated into the cooling
framework.

The module system follows the
KISS principle by eliminating the
use of wedgelocks and ejector/

injector handles commonly found
on rugged VPX systems. This
reduces cost and weight in addition
to simplifying the system design.
Curtiss-Wright Defense Solu-
tions recently displayed a func-

1. VITA 48.8 uses a combination of conduction and

convection cooling. Heatsinks attach directly to sidewalls

that are then air-cooled.

tional prototype implementation (Fig. 2)
of VITA 48.8 at the 2016 Embedded Tech
Trends conference. Ivan Straznicky, Curtiss-
Wright Defense Solutions CTO & Technical
Fellow, Chair of the VITA 48.8 work-
ing group, notes, “VITA 48.8 will cool
high-power and high-power-densi-
ty modules. For example, Curtiss-
Wright has analyzed and designed
AFT for 3U modules with high heat
density processors and a total of 70W
on a basecard, plus 25-30W on mez-
zanine cards, for a total of 95-100W.
2. Curtiss-Wright Defense Solutions The standard does not use module-
was showing preliminary VITA 48.8  to-chassis conduction cooling. This allows the chassis
systems at the 2016 Embedded
Tech Trends conference.

to be made of different materials such as lightweight
plastic or composite materials. The demonstration
chassis was actually built using a 3D printer. &
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UNLEASH YOUR CREATIVITY

With a complete and qualified loT Platform
that lets you focus on innovation.

The Renesas Synergy™ Platform, a complete and qualified loT platform, integrates software, a scalable family of
microcontrollers, plus all of the essentials for embedded development, enabling you to innovate and deliver
differentiated products faster than ever before.

Unlike other embedded development environments, all the Synergy Platform elements were designed from the
ground up as a single platform. This provides unprecedented scalability and compatibility, allowing developers

unparalleled code reuse. It is the first truly complete platform that is fully tested and qualified, and systematically
maintained and supported — so you can start your application software development immediately at the API level.

ONE-DAY REGIONAL SEMINARS

RENESAS
( ! ™ i DEvVCON
REN ESNS Synergy Jom_us at Renesas DevCon SEMINATS
Seminars for hands-on
Accelerate. Innovate. Differentiate. demonstrations of the Renesas Synergy Platform. We can
also put you in touch with certified /ndependent Design
renesassynergy.com Houses that have vast experience in providing solutions

for the Renesas Synergy Platform. RenesasDevCon.com

©2016 Renesas Electronics America Inc. (REA). All rights reserved. Renesas Synergy is a trademark of Renesas Electronics Corporation. All trademarks are the property of their respective owners.
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Up to 60V LED Driver LT3965

Matrix
Dimmer

12¢

Any Brightness, Any Pattern with I°C Control

The LT®3965 is an eight channel LED bypass switching device with I°C serial interface, designed for dimming individual
LEDs in a string using a common LED driver current source. Each of the eight channels can be independently programmed
to bypass the LED string in constant on or off, or PWM dimming with or without fade transition. The LT3965 uses eight
individually controlled floating source N-channel 17V/500mA MOSFET switches, enabling it to drive one to four LEDs
per channel. Up to 16 LT3965s can be used on the same bus for larger LED arrays.

V Info & Free Samples

www linear.com/product/LT3965
1-800-4-LINEAR

WV Features

e 256:1 PWM Dimming
e Independent Brightness per Switch

¢ 12C Serial Communication
AT, LT, LTC, LTM, Linear Technology and the Linear logo are

e 1-4 LEDs per Switch
. . . . . . istered trade ks of Lil Technology Cc jon.
» Synchronized Flicker-Free Dimming video.linear.com/5973 i other hademirts o he preperty of et ey owners
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