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Charge pump minimizes
EMI while boosting the
supply for ISO compliant

high-speed CAN Tx/Rx

HIGH SPEED CAN TRANSCEIVER
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The simplest functions are often the most difficult to design. The current source—a basic circuit element—has not been Al orla T — LUMEX £Z:c)\\ TOSHIBA '
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available as an IC. Discrete implementations suffer from poor accuracy, high TC or complexity. Our new current source, the : over
LT®3092, provides all the performance without the compromises: programmable up to 200mA, high AC and DC impedance,

low TC and no capacitors required. Its two floating terminals make it easy to use in precision or remote current limiting, bias 3 5 ooo NEW P d t
circuits, intrinsic safety circuits, temperature sensing, active load and signaling applications. ro “c S
Current Accuracy vs Temperature V Info & Free Samples Added in the Last 90 DAI s

¢ 0.5mA to 200mA Output Current 1.00 www.linear.com/3092

* No Capacitors Required 0.75 +49-89-962455-0 g ———
0.50 -

(FRED 440+ suppliers’

-0.25

¢ 10ppm/V Regulation
¢ 1.2V to 40V Input Voltage

* Reverse Voltage & Current Protection

Current Accuracy (%)

¢ Thermal Protection -0.50

e 1% SET Pin Current Accuracy -0.75 www.linear.com/LTspice /
. . -1.00
¢ 3mm X 3mm DFN-8, 8-Lead ThinSOT™ -50 -25 0 25 50 75 100 125 150 3, LTC, LT, LT, pitodule and LTspice are registered trademar
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*A shipping charge of €18.00 (£12.00) will be billed on all orders of less than €65.00 (£50.00). All orders are shipped via UPS for delivery within 1-3 days (dependent on final destination). No handling fees.
All prices are in euro and British pound sterling. If excessive weight or unique circumstances require deviation from this charge, customers will be contacted prior to shipping order. **Digi-Key is an authorized
distributor for all supplier partners. New product added daily. © 2010 Digi-Key Corporation, 701 Brooks Ave. South, Thief River Falls, MN 56701, USA



http://www.linear.com/LTspice
http://www.digikey.com/europe

N

; » 2SP0115T Gate Driver

Unleash the full power of your converter design using
the new 2SP0115T Plug-and-Play driver. With its
direct paralleling capability, the scalability of your
design into highest power ratings is unlimited.
Rugged SCALE-2 technology enables the complete
driver functionality on a single PCB board, exactly fitting
the size of 17mm dual modules.

Combined with the CONCEPT advanced active clam-
ping function, the electrical performance of the IGBT
can be fully exploited while keeping the SOA of the
IGBT. Needless to say that the high integration level
provides the best possible reliability by a minimzed
number of components.

CT-Concept Technologie AG, Renferstrasse 15, CH-2504 Biel, Switzerland, Phone +41-32-344 47 47

INTELLIGENT POWER ELECTRONICS

Unleash
il Sheer Power!

SAMPLES AVAILABLE!

> Features

Plug-and-Play solution

1W output power

15A gate current

<100ns delay time

+ 4ns jitter

Advanced active clamping
Direct- and halfbridge mode
Direct paralleling capability
2-level and multilevel topologies
DIC-20 electrical interface
Safe isolation to EN50178
UL compliant

50.- USD @ 1000 pieces

www.IGBT-Driver.com
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Servicing Automotive

Welcome to this special issue of Power
Systems Design Europe where we take
the theme of automotive technology.
Within the following pages you will find
an abundance of information on this
increasingly popular topic as well as the
in depth power related contributions,
comment and articles we strive to bring
to our engineering audience.

The application of electronic power
devices in the automotive sphere is a
true test of their survival capability under
environmentally hostile conditions. It needs
a specialized approach and rigourous
qualification, especially in the area of power
electronics. Also, with the proliferation and
widening acceptance of Hybrid Electric
Vehicle technology, traditional automotive
technology is extended still further. This
should be good news for our industry, but
will inevitably take time.

The European automotive industry,
particularly the prime quality German
brands such as BMW, Mercedes,
Porsche and Audi which use a high
degree of sophisticated electronic
control and gadgetry, is one of the most
demanding for semiconductor firms to
service. It demands a quality of electronic
component far higher than found in the
majority of commercial applications.

The rugged environments experienced
plus the extremes of temperature these
devices must survive make the required
skillful design engineering, manufacturing
and subsequent stringent quality control
a very large investment. Not a bad thing
considering the many safety factors that
need to be considered. These firms, |

believe, well deserve the higher margins
they currently command.

Following its toughest year in recent
memory, the worldwide market for
automotive MEMS sensors, especially
pressure sensors, which are used in key
applications to measure tyre pressure and
engine performance, will rebound sharply
in 2010, but continued high sales might
lead to an overheated market that could
push the industry back into depression,
according to iSuppli. Global shipments are
projected to reach 591.2 million units in
2010, a healthy increase of 17.8%. This
growth represents a welcome turnaround
after a difficult 2009 for MEMS sensors and
marks the beginning of an upturn that is
predicted to continue until at least the end
of 2014. Europe will command over 30%
share with North America accounting for the
largest share in the consumption of MEMS,
making up 40% of the total in 2010.

At PSD Europe, our continued quest
is to give our readers the broadest and
in-depth information to help bring a
deeper insight to the industry. With our
regular MarketWatch feature from IMS
Research, David Morrison’s new column
on recruitment and opportunities in our
industry and the in depth design feature
from Dr Ray Ridley, we strive to provide
a single point of reference for engineers
and managers. To complement this we
have the up-to-date industry and product
news and information together with
selected features and articles contained
within our weekly web-blast, PowerSurge.
If you do not receive this, please contact
me and I'll get a subscription arranged.

| hope you enjoy the issue, please
keep sending me your valuable feedback
and enjoy our fun-strip, Dilbert at the
back of the magazine.

All the best!
|
5
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Editor-in-Chief, PSDE
Cliff. Keys@powersystemsdesign.com
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Solutions for windpower systems
Energy-efficient components for high system reliability

Infineon

THE INFINEON PRODUCT PORTFOLIO provides components for the highest
energy efficiency in windmill power converter and pitch control solutions.

OUR POWER MODULES with newest 1200V/1700V trench fieldstop IGBT4 and
Emitter Controlled diode chip technology offer best in class power density solutions
in conjunction with extended lifetime. The modules feature low on state losses, opti-
mized soft switching behavior and a wide operation temperature range up to 150°C
maximum junction operation temperature. The newly introduced stack assembly
ModSTACK™ HD leads to more than 50 % higher power density at same footprint.

The following benefits are provided to our customers:

m Extended module utilization by 150°C maximum junction operation temperature

m Highest power density

m Supreme power cycling and thermal cycling capability

ACto DC DC-

Rectifier Link Circuit IGBT Inverter

=
=N

www.infineon.com/highpower

DC to AC


http://www.infineon.com/highpower
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inear Technology announced the

H-Grade version of the LT3686.

The LT3686H is a 1.2A, 37VIN
step-down switching regulator. The
device operates within a VIN range of
3.6V to 37V with overvoltage lockout,
protecting the regulator and load from
transients as high as 55V, making it ideal
for load dump and cold-crank conditions
commonly found in automotive
applications as well as 24V industrial
supplies. Its internal 1.85A switch can
deliver up to 1.2A of continuous output
current at voltages as low as 0.8V.

Cycle-by-cycle current limit and
DA current sense provide protection
against fault conditions. Soft-start
and frequency foldback eliminate
input current surge during start-up. An
optional internal regulated active load
at the output via the BD pin keeps the
LT3686H at full switching frequency at
light loads, resulting in low, predictable
output ripple above the audio and AM
bands. Internal compensation and an

internal boost diode reduce external
component count.

The LT3686H’s switching frequency
is user programmable from 300kHz to
2.5MHz, enabling designers to maximize
efficiency while avoiding critical noise-
sensitive frequency bands such as the
AM broadcast band. Its low minimum
on-time enables it to provide high
switching frequencies even with high
step-down ratios. For example, with
an input as high as 16V, it can deliver
a 3.3V output using a 2MHz switching
frequency. The LT3686H also uses a
unique design, which ensures that it
maintains constant frequency switching,
even in very light load conditions.
The device’s 3mm x 3mm DFN-10
package and high switching frequency,
which keeps the external inductor and
capacitors small, provides a compact,
thermally efficient footprint.

The H-grade version operates up
to a junction temperature of 150°

Maximum Junction Temperature of 150°C

Vin

SV TO a3
(Transients
to 55V)

LT LR

37V with 55V transient protection, 1.2A step down DC/DC converter with 150°C maximum

junction temperature
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BLOCK DIRGRAM

LT3686H block diagram

C, compared to the E and | grade
versions’ 125°C maximum junction
temperature. All electrical specifications
are identical for the E, | and H grade
versions. The H-grade versions are
tested and guaranteed to the maximum
junction temperature of 150°C, making
them especially suited to automotive
and industrial applications which are
subjected to high ambient temperatures.

Summary of Features: LT3686H
° Wide Input Range:
o Operation from 3.6V to 37V
o] Overvoltage Lockout Protects
Circuit through 55V Transients
o Low Minimum On-Time:
Converts 16VIN to 3.3VOUT at 2MHz
° 1.2A Output Current
° Adjustable Frequency: 300kHz
to 2.5MHz, with 5% Accuracy
° Constant Switching Frequency
at Light Loads
Tracking & Soft Start
Precision UVLO
Short-Circuit Robust
IQ in Shutdown <1uA
Internally Compensated
3mm x 3mm DFN Package
Maximum Junction
Temperature of 150°C
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We're giving power a

digital upgrade.

Find out how our new Digital EXL Core™ technology
is redefining Power Factor Correction ICs.

Cirrus Logic’s CS1500 and CS1600 are the industry’s first Digital Power Factor
Correction (PFC) ICs to surpass ordinary analog solutions in performance and price.

Enabled by Cirrus Logic’s EXL Core technology, these digital solutions intelligently

solve traditional power management challenges with newly patented and patent

pending designs that dramatically reduce the need for bulky, high-priced components

and complex circuitry, lowering overall system cost and simplifying designs. Cirrus

Logic now makes it possible for more energy-efficient power supplies in digital

televisions, notebook adapters, PC power supplies and lighting ballast applications

through advanced digital technology that creates smarter, greener, and more energy-

efficient products.

Experience Digital PFC. Register for free samples at www.cirrus.com/psdepfc

© 2010 Cirrus Logic, Inc. Al rights reserved. Cirrus Logic, Cirrus, the Cirrus Logic logo designs,
EXL Core, and the EXL Core logo design are trademarks of Cirrus Logic, Inc. PSDE082010

!
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Delivering Automotive Solutions

he automotive markets have
I become very creative in their ap-

plication of innovative electronics
technology. Every year the number of
ICs per vehicle moves steadily higher.
And the development of hybrid and full
electric vehicles requires plenty of sup-
port and innovation from semiconductor
leaders.

One of the critical items in these auto-
motive systems is power management.

In most automotive applications, the
main vehicle power supply comes di-
rectly from the 12V car battery. At engine
start, the battery voltage may drop as low
as 3V, a condition known as “cold crank”.
Electronics connected to the car bat-
tery require protection to survive voltage
transients and, in many cases, to operate
normally during cold crank. Intersil’s
ISL78200 represents an automotive DC-
DC power supply that is fully specified to
input voltages below 3V.

Systems designed to monitor the bat-
tery cells in hybrid and plug-in electric
vehicles must survive plugging in or
removing from a live power supply to
the battery pack as well as transient
voltages which may exceed 100V -- all
from a supply system capable of sourc-
ing tens of kilowatts. As the automotive
industry continues its move toward bet-
ter hybrids and more electric vehicles,
this monitoring requirement becomes
increasingly important.

There also are many types of ICs now
proven in demanding industrial and high
performance computing applications
that can be adapted for auto systems,
such as linear regulators, power supply
support ICs, isolated power convert-
ers and current measurement ICs. The
ISL78220 multi-phase boost controller
is a good example. Based on advanced
PC power technology, the ISL78220
provides a 6-phase boost function that

is well suited for stop-start systems and
for supplying power in high power audio
applications.

In addition to power issues, auto-
makers also focus diligently on cost.
Adapting proven consumer electronics
technology used in video and audio sys-
tems to the peculiarities of the vehicle
environment is a solid approach to deliv-
ering the cost-efficiencies the car mak-
ers and their tier-one suppliers demand.

For example, the auto environment
needs robust video and control data
transport, using devices that convert
wide parallel video data to a single dif-
ferential pair, then convert it back to its
original parallel format. The process
must be achieved cost-effectively with
complete noise immunity and high EMI
immunity at speeds well in excess of
1.2 Gigabits/second. The best answer --
video distribution SERDES (serialization-
deserialization) technology, originally de-
veloped for commercial grade applica-
tions, and now adapted for the vehicle.

Another IC technology proven in
consumer electronics and able to de-
liver cost-efficient, high quality video is
a highly integrated LCD controller for
dual-view LCD panels in front console

By Dave Bell, CEOQ, Intersil Corporation

and rear-seat automotive infotainment
systems. Developed by Techwell, Inc.,
which Intersil acquired in 2010, these
controllers already display video in main
consoles and headrests for most of the
major automotive suppliers. The video
decoders can accept graphic content
from a variety of sources such as TV
tuners, DVD players, backup cameras,
DTV/DMB receivers and navigation/GPS
receivers.

For LCD displays used in the auto-

motive infotainment system, Intersil’

s ISL78100 is an excellent fit as the
backlight driver IC and is optimized for
3.5” to 9” LCD panels. The ISL78100 is
a high-power LED backlight driver with
an integrated 3A/36V FET designed to
drive up to 8 high-power LEDs in series.

Advanced audio system technology
is also being applied in vehicle systems,
as automakers differentiate themselves
with specific A/V features. They require
higher power levels and higher quality
audio capabilities to serve the car’s very
unique and harsh operating environ-
ment. Intersil’s D2Audio group is a
leader in advanced audio, with scalable
Class-D power solutions and a flexible,
digital feedback process that optimizes
amplifier response and fits well with the
power and sound requirements of the
vehicle.

Intersil has broadened its portfolio of
ICs designed for these innovative ap-
plications and completed the TS16949
compliance process. The company’s
long and successful experience in the
military and aerospace markets — with
their zero-defects requirements — also is
applicable to the vehicle sector. We are
working hard to combine high reliability
with cost-efficiency and deliver the pow-
er, video and audio that characterizes
the newest, most innovative vehicles.

Power Systems Design Europe  July/August 2010

Micrel-The Leader In
Automotive Ethernet

AL
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Micrel is the leader in Automotive Ethernet
silicon, and offers the industry's broadest
product family. Virtually all Ethernet ports
in automobiles have been supplied by Micrel.

Key applications include: engine diagnostics,
Infotainment networks, and other in-vehicle
systems, exploiting Ethernet's faster download
times, standards compatibility, and reduced costs.

Micrel Automotive Ethernet components feature
Micrel's legendary robustness, and meet rigorous
electrical and environmental specifications (up to
125°C).

To see how Micrel can network-enable vehicles
large and small, visit: www.micrel.com/ad/
AutomotiveEthernet.

© 2010 Micrel, Inc. All rights reserved.
Micrel and Innovation Through Technology are registered trademarks of Micrel, Inc.

A

First AEC-Q100 Qualified Ethernet Parts Deployed in Automobiles

AEC-Q100 Qualified Parts
€ 10/100 PHY Transceivers

¢ 3-Port 10/100 Switches
@ 5-Port 10/100 Switches

Micrel Advantage
€ Highly integrated and Green designs, reducing
board real-estate and power consumption

€ Low EMI emissions and high EMI immunity, and
superior ESD performance

€ Advanced power management

MICREL

Innovalion Through Technology®

www.micrel.com
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Electric Vehicles Need More

Power!

By Jon Cropley, Director, Automotive and Transportation Group, IMS Research

ent manufacturer announces plans

to introduce a new electric vehicle.
While this makes it difficult for analysts
like me to keep up, it’s all good news
for power semiconductor suppliers.
The value of their products in electric
vehicles is much greater than in vehicles
with conventional engines.

I t seems like every few days a differ-

Some vehicle manufacturers already
offer hybrid electric vehicles. Many
others have plans to introduce them,
while commercially viable plug-in
hybrid and battery electric vehicles are
just starting to emerge. Governments
around the world are investing money to
support the development efforts of the
vehicle manufacturers. The Chevrolet
Volt and Nissan Leaf are just two of the
high profile models expected to enter
volume production in the year ahead.
IMS Research forecasts that demand
for electric vehicles will grow steadily
throughout the decade ahead from less

|

than 600,000 in 2008 to over 12 million
in 2020.

From a semiconductor supplier’s point
of view, growing production volumes of
electric vehicles are only one side of the

Conventional
85.5%

8.8%

Light Vehicle Production by Type in 2020

PHEVs
2.9% BEVs

\ 2.7%

HEVs

Hydrogen
0.1%

equation. The other side is that the value
of semiconductors in an electric vehicle
drivetrain is not only higher thanin a
conventional vehicle drivetrain: according
to our research, it is over 10 times higher!

Power devices account for much of
this increased semiconductor content.
These vehicles have significant power
IC, power discrete and power module
content. Much of this is for the inverter
required to drive the vehicle’s main
motor/generators. However, many other
electric vehicle drivetrain applications
require semiconductors including
battery monitoring and control, DC/DC
converters, AC/DC chargers and air
conditioning converters.

Many semiconductor suppliers
have so far found it difficult to enter
the supply chain for electric vehicles.
Japanese vehicle manufacturers have
dominated production and have either
used their own semiconductors or used
semiconductors from suppliers they part
own (Keiretsu partners). These barriers
to market entry look set to disappear
as vehicle manufacturers from other
regions ramp up production and
Japanese vehicle manufacturers look for
competing semiconductor vendors.

As is always the case with automotive
applications, semiconductors for
electric vehicles must meet demanding
performance requirements and must
been keenly priced. However, according
to IMS Research, the market could
be worth over $7 billion in 2020. As
world economies struggle to recover
from the recent economic downturn,
this developing market could provide
suppliers with a rare opportunity for
substantial growth.

www.imsresearch.com
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DESIGN TIPS

Power Supply Development

Diary

PartV

This article continues the series in which Dr. Ridley documents the processes involved in taking a power

supply from the initial design to the full-power prototype. In part V, attention is turned to the secondary

side of the converter, where snubbers and clamps are added to protect the output rectifiers.

Secondary Catch Diode Ringing
Voltage

In Part IV of this series of articles
[1], the primary voltage spikes on
the switching FETs were properly
controlled with improved layout and
high-frequency bypass capacitors. This
greatly improved the ruggedness of the
converter.

Voltage spikes and ringing can also be
seen on the secondary of the converter.
Figure 1 shows the ringing across the
catch diode with 100 VAC applied to
the primary of the converter (maximum
voltage rating is 280 VAC). This ringing
must be suppressed before higher
voltages can be applied to the converter.

Figure 1: Secondary catch diode voltage waveform, VD, with 100 VAC applied and
no snubber

www.powersystemsdesign.com

By Dr. Ray Ridley, Ridley Engineering

A peak voltage of 175 V is seen at
the leading edge of the waveform,

more than three times higher than the
anticipated square wave voltage of 50
V. If this is not controlled, the secondary
rectifiers will fail when full voltage is
applied.

Secondary Catch Diode RCD Clamp
Network

A simple RC snubber applied across
the catch diode of the converter is not
able to sufficiently control the peak
of the ringing waveform. Instead, an
RCD clamp is used, as shown in the
schematic of Figure 2.

RCD clamps are most often applied
on the primary of an offline converter
where the peak voltage must be
tightly regulated to avoid failures.
However, they can also be used on
converter secondaries, especially
when the output voltages. The
clamp diode and capacitor must be
placed very close to the terminals
of the catch diode for maximum
effectiveness.

Figure 3 shows the effectiveness of
a well-designed RCD clamp. The peak
voltage is reduced to 90 V from 175 V.

Design of the components is quite
straightforward. The capacitor is
chosen so that it retains a relatively
constant voltage over each switching
cycle. A 600 V multilayer ceramic
capacitor was used with a value of
68nF.

11
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Figure 2: Schematic showing location of Secondary RCD clamp. Only one of the

three outputs is shown for clarity.

Figure 3: Secondary catch diode voltage waveform with 100 VAC applied and with
RCD clamp
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Figure 4: Schematic Showing Improved RCD clamp with lower dissipation, and RC
Snubber added to protect the forward diode.

The diode of the clamp needs to be
either a schottky, or a fast recovery type.
In this converter, a Fairchild 3A ultrafast
diode with a rating of 600 V was used
(ES3J).

The value of the RCD resistor can be
selected according to the process in
[2], or can be chosen experimentally.
The smaller the value of the resistor,
the harder the voltage across the

Power Systems Design Europe

diode is clamped, at the expense of
higher dissipation. Full analysis of

the RCD snubber can be found in [2].
Although this article is specifically for
the flyback converter, the procedure is
the same.

The power dissipation in the RCD
clamp can be reduced by connecting
the resistor to the output voltage,
instead of ground, as shown in Figure
4. Depending on the topology used,
this can result in significant power
savings. For the two-switch forward,
approximately 40% of the energy is
recovered at low line with this alternate
connection. With this approach, the
RCD clamp dissipates just above 1 W
when the power supply operates at an
output of around 400 W.

For very high power converters, you
may also consider using a switching
converter to discharge the clamp
voltage. Active clamp networks can also
be used but these add complexity and
are beyond the scope of this article.

Secondary Forward Diode
Waveform

The RCD clamp only protects the
catch diode of the forward converter.
It is also necessary to add a snubber
across the forward diode on each of
the converter outputs. Figure 5 shows
the waveform across the forward diode
before a snubber is added. The peak
voltage spike seen is approximately
twice the square wave value. A simple
RC snubber is sufficient to reduce this
spike to safe levels, as shown in Figure
6. The RC network is placed directly
across the forward diode, as shown in
Figure 4. The design process for these

components is given in ©.

The design of the RCD clamp and
the RC snubber must be replicated
on the second main output of the
power supply. The lower power
outputs can usually be designed
with RC snubbers only. However,
it is important that even the lowest
output power diodes be checked for
ringing and properly protected if you
want to maximize the reliability of
your converter.
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Figure 5: Secondary forward diode voltage waveform with 100

VAC applied and no snubber

Summary

The diodes on the output of the
forward converter are protected with
a combination of RCD clamps, and
RC snubbers. It is important that
every power diode be protected with
a snubber or clamp, and tested under
all conditions to ensure that the peak
voltage ratings of all devices are never
exceeded.

So far, the power stage testing has
followed this order:
1. Check gate drive circuit waveforms.

Figure 6: Secondary forward diode voltage waveform with

100 VAC applied and RC snubber.

A

2. Test primary circuit with resistive
load.

3. Insert magnetics into circuit and
verify low-voltage waveforms.

4. Design proper voltage clamps on
primary switches.

5. Design proper voltage clamps and
snubbers for secondary diodes.

All testing has been carried out at
a relatively low input voltage — just
40% of the rated input. Before higher
voltage testing is done, the overcurrent

protection of the power supply must be
thoroughly tested. This will be the topic
of the next article in this series.
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Driving on Solar Panels

An innovative way forward to clean energy

I had the pleasure to talk with Scott Brusaw, an inventor and passionate advocate of clean energy, based

in Idaho. He unfolded his mission to develop a road system that would not only utilize the power of the

sun to provide enough power to become 100% clean in energy terms (no more coal or oil), but would
also be cost competitive against the rocketing cost of construction materials for highways.

Reported by Cliff Keys, Editorial Director, PSD

cott Brusaw is a man with a clear
S mission. He wants to help the

U.S. to utilize the power of the
sun to rid his homeland of the scourge
of fossil based energy. As an inventor, he
is also an engineer, so therefore logical
and practical in his approach. He and
his team have developed a solar road
module that can collect and route energy
intelligently along the U.S. highways.

The Obama administration has now
made a request that sidewalks should
be utilized to be self funding in terms of
‘giving back’ energy to redeem the high
costs in providing them. Scott’s project
had already started, but the project

wm TN NS

W

Cross sectional view of the road module
prototype

of sunlight per day.

Thus, 440 x 7600Wh = 3.344MWhr

per lane per mile. So a typical four lane
highway will produce 13.376MWhr per
mile, based on four hours of sunlight
per day.

According to a 2007 study by the U.S.
Energy Information Administration, the
average American home used 936kWh
per month. Dividing this number by 30
will give an average need of 31.2kWh
per day. Dividing this number into the
13.376MWhr per mile, gives us approxi-
mately 428. That's how many American
homes can go "off-grid" for every mile
of 4-lane Solar Roadway. We can wean
ourselves off coal. Again, that's based
on four hours of sunlight per day.”

Scott’s company is not publicly
traded. He concluded, “We have (or can
hire) the technical expertise to make
the Solar Roadways a reality. We've
received some government funding, but
we're always open to a local angel in-

& [anifal

vestor who would like to become a part
of this project and get his/her hands
dirty. We're not interested in someone
who's ‘just in it for the money’, but
someone who sees the vision and, like
us, wants to leave the world a better
place than when we entered it.”

There is a great deal more to this proj-
ect than we have room for in this issue,
but I look forward to working with Scott
and his team on a full length technical
article for a future issue. More informa-
tion is available through the following
(highly recommended) links:

New YERT video:
http://www.youtube.com/watch?v=
Ep4L18zOEYI

Scott’s TEDx Talk:
http://www.tedxsacramento.com/vid-
eos/

Solar Roadways website (contains con-
tact information):
http://www.solarroadways.com
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materials and production methods

results in a wide product range that
meets our customers’ needs:

was deemed important enough to gain
funding from the government for further
prototype development.

Imagine a road constructed of solar panels. Scott Brusaw is convinced this could
be the way forward to energy independence.
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But who can ever imagine driving on
glass? Scott has worked with experts
at the top Universities in America and
has established that glass can be made
cost-effectively with the optical and
all the necessary traction capabilities
comparable to asphalt required for a
tough, durable, cost-competitive road-
way system that can collect and route
energy from the sun to industry and
households alike.
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The world runs better with Rogers’ RO-LINX® Performance

Our state-of-the-art laminated busbar

RO-LINX® Thermal
Meets-high-power requirements with-increased
temperature ratings of 125°C working temperature.
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Scott Brusaw pictured with a prototype road panel

When asked just how much power can
be expected from a one-mile (1.61km)
stretch of road, Scott explained, “One
mile = 5280 feet. Our Solar Road Panels

Power Distribution Systems Division

are 12 feet by 12 feet (3.66 x 3.66m).
Therefore, it will take 5280/12 = 440
panels to create one mile (one lane,

12 feet wide). Each panel is expected
to produce 7600Wh of electricity daily
based on 15% efficiency and four hours

www.rogerscorp.com/pds
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Powering CAN

18O 11898-compliant HS-CAN communication
from a high-speed CAN transceiver supplied
by a charge-pump

Charge pumps are often the best choice for powering a CAN-bus application that requires a combination
of low-power, low-voltage operation and low cost. This article explains how to supply a high-speed CAN

transceiver, via a charge pump, to achieve a 5V rail that is required for most transceivers to deliver ISO

11898-compliant communication in automotive electronic control units (ECUSs) that only have a 3.3V

supply available. The article also discusses the impact on electromagnetic emissions and immunity.

By Robert Regensburger, Senior Member of the Technical Staff, Applications,
Maxim Integrated Products Inc., Munich, Germany

ver the past several decades the
Oautomotive industry witnessed a

rising demand for more comfort,
efficiency, and environmental cleanli-
ness, and a growing expectation for
better performance and safer vehicles.
As a result of these trends, the number
of electronic subsystems in a car and
the wiring to connect all of them was
increasing significantly. With more wire,
there was more weight to the vehicle
and, of course, more cost. However, in
the early 1980s Bosch developed the
CAN-bus network, which has now been
widely adopted by the auto industry
since the bus network offers many ad-

vantages including reductions in wiring
harness complexity, weight, and cost.

The transition from a centralized
control system to distributed systems
in automobiles helped the automotive
manufacturers meet their goal of reduc-
ing the weight and cost of a vehicle. A
centralized control system has all actua-
tors, sensors, and switches connected
to it through multiple wires. A distributed
system locates the electronic control
units (ECUs) wherever they are needed
— intercommunication connections are
made through a bus system (e.g. the
two wire CAN-bus network) (Figure 1).

A CAN implementation consists of
multiple transceiver modules linked by
a pair of bus wires. In each module is
a CAN transceiver that provides the
physical layer interconnection between
the protocol controller (@ microcontroller,
state machine or other processing engine
in the module) and the physical medium
(the wires). This new CAN-bus design
approach quickly needed to be standard-
ized to ensure proper communication
among different suppliers’ ECUs. This
standardization was first done in 1993
by the ISO (International Organization for
Standardization). In 2003 and 2007 fur-
ther revisions followed, and now the ISO

Vi

Vehicle_ EC U 1

Battery

ECU2 | - ECUn

J |

Two-wire CAN network

Recessive Dominant Recessive

Figure 1: This simplified distributed electronic control unit (ECU) architecture
example uses the two-wire CAN network bus to provide communications

between ECUs

Figure 2: Voltage level of the CAN bus for

recessive and dominant logic states
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11898 standard is the defacto standard,
accepted by all original equipment manu-
facturers (OEMs) for all CAN communica-
tion in a vehicle.

To be compliant with the ISO stan-
dard and to provide the proper bus
level, most CAN transceiver bus drivers
should be powered by a 5V supply rail.
However, it is common in electronic

systems engineering for the main supply
rails not to meet the subsystem's power
requirements. In these cases, the avail-
able power rails are often not directly
usable for supplying a CAN transceiver,
e.g., there might only be a single 3.3V
supply available. Sometimes lack of
space prevents inclusion of the optimal
number of supplies. In other cases, gen-
erating the 5V directly from the battery

Power Systems Design Europe

rail might not be acceptable due to heat
dissipation issues, especially in systems
that need CAN communication at high
battery voltages (e.g., during a double-
battery condition in a vehicle or in a 24V
truck system).

Voltage converters can generate the
desired voltage levels; charge pumps
are often the best choice for applica-
tions requiring some combination of low
power, simplicity, and low cost. Charge
pumps are easy to use, because they
do not require expensive inductors or
additional semiconductors.

Selecting the charge pump
Transceiver supplies

There are both simple and highly
sophisticated CAN transceivers avail-
able today, with some requiring a single
supply and others requiring multiple
supplies. In order to provide proper
interoperability between modules from
different ECU suppliers and to deliver
ISO 11898-compliant high-speed CAN
communications, almost all of them
though, require a 5V rail that has a cer-
tain maximum tolerance.

Some transceivers are also
equipped with a built-in I/O level
adapter. By using the supply voltage of
the protocol controller (on a separate
supply pin of the transceiver), the level
adapter ratiometrically scales the I/O
levels of the transceiver to the voltage
levels of the controller. This allows the
transceiver to be directly interfaced
to controllers operating on supply volt-
ages lower than 5V without the need
for any glue logic.

Transceivers with low-power man-
agement that support local and remote
wake-up have yet another supply pin.
This pin must be permanently supplied
by the vehicle battery yet consume very
little current. Such a feature is needed
by ECUs that must be able to use the
high-speed CAN bus even when the
ignition key is “off”.

For a functional description of all other
pins on the CAN transceivers, please
refer to the respective data sheet for the
device you are considering.
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Supply currents

The CAN bus can have one of two
logical states: recessive or dominant
(Figure 2). In normal communication
mode, the transceiver needs it’s maxi-
mum input current in the dominant state
and its minimum in the recessive state.
The currents needed for the I/0O level
adaption and for the remote wake-up
capability can be neglected in this case,
since they are provided by the micro-
controller’s supply and the car’s battery,
and are usually very small.

In the presence of a bus failure, how-
ever, the supply current can increase
significantly, especially if the CAN_H bus
line is shorted to ground. Most trans-

ceivers will limit the short-circuit current
to a certain maximum value. In order not
to risk a breakdown of the supply volt-
age, it is better to dimension the charge-
pump output current for this case.

Taking the above into consideration,
supplying a CAN transceiver with the
proper power requires a charge pump
that features an output voltage of 5V
with the voltage tolerance specified in
the devices data sheet, and a minimum
output current capability to cover the
CAN_H short-to-ground event.

Example: Max13041 Transceiver
supplied by the MAX1759 Charge
Pump

EMISSIONS MEASUREMENT
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Figure 6: EME curves of the MAX13041 supplied by a standard 5V (blue) and by the

MAX1759 charge pump (pink)
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Although many conventional CAN
transceiver and charge-pump devices
are on the market, this article focuses on
the MAX13041 HS CAN transceiver and
MAX1759 buck/boost regulating charge
pump to show how to solve the power-rail
issue. The transceiver is supplied through
the VCC pin. To provide ISO 11898 stan-
dard compliant CAN communication, VCC
must be between 4.75V and 5.25V (hormal
operating-voltage range). This voltage is
used to build the proper communication
signal between the bus lines (CAN-H,
CAN-L), and to supply the receiver stage
when the IC is in normal mode.

The transceiver’s VI/O input enables
the interface with 3.3V I/O microcon-
trollers so the correct voltage level can
be established between the controller’
s and transceiver’s receive/transmit
stage (RxD/TxD). The VI/O pin can also
be supplied by 5V, of course, when the
application is communicating with such
a controller.

The VBAT pin (usually connected to
the car’s 12V battery) supplies power to
a very-low-quiescent current wake-up
detection circuit. This pin enables the
MAX13041 to wake up from sleep mode
on a CAN message. For a detailed de-
scription of all other pins, please refer to
the MAX13041 data sheet.

In normal communication mode, the
MAX13041 needs a maximum input cur-
rent (VCC pin) of 80mA in the dominant
state and 10mA in the recessive state
(Figure 2, again). The currents into VI/O
and VBAT can get neglected. In the
presence of a bus failure, the VCC sup-
ply current can increase significantly, es-
pecially if the CAN_H bus line is shorted
to ground. The Max13041 will limit the
short-circuit current to IO(SC) = 95mA.

Taking the above into consideration,
supplying the CAN transceiver with the
proper power requires a charge pump
that features an output voltage of 5V
with the voltage tolerance mentioned
above, and a minimum output current
capability of 95mA.

Charge Pump Requirements
The MAX1759’s architecture allows the
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input voltage to be higher or lower than
the regulated output voltage. However, in
this application the charge pump oper-
ates as a step-up voltage converter only.
When VIN is lower than VOUT, the charge
pump operates as a regulated step-up
voltage doubler. When lightly loaded, the
charge pump switches only as neces-
sary to supply the load, resulting in low
quiescent current. Output voltage ripple
does not increase with light loads.

For a detailed description of all fea-
tures of the charge pump, please refer
to the MAX1759 data sheet.

Implementing a 3.3V solution

The circuit in Figure 3 illustrates how
easy it is to supply the MAX13041 with
the charge pump. The MAX1759 is
simply added to the VCC input of the
CAN transceiver (see the blue dashed
line), producing a 5V output voltage with
the required tolerance and output cur-
rent. This configuration allows the rest
of the circuitry to be supplied by lower
voltages. In this example, an external
supply voltage of 3.3V (green) supplies
the charge pump (IN), the microcontroller,
and the VI/O level-translator voltage of
the transceiver. The active-low SHDN
input of the charge pump is pulled high,
putting the part into it’s ON state. The
detailed dimensioning of the input/output
(CIN, COUT) and the flying capacitor (CX)
is described in the MAX1759 data sheet.

Electromagnetic compatibility
Electromagnetic compatibility (EMC)
can be a challenge to achieve with CAN
applications, especially if they are sup-
plied with a switching voltage regulator.
The wiring harness of the CAN system is
particularly problematic, as the CAN_H
and CAN_L pins of the CAN transceiver
are the interface to the bus network run-
ning into the entire vehicle. If care is not
taken, one can encounter interference, or
create interference, that propagates from
the CAN supply, through the transceiver,
over the bus wires into other ECUs, or into
the neighboring cables of the harness.
Such interference can cause miscommu-
nication or malfunctioning of the transmit-
ting or other control units in the system.

Because of this concern, we test the

EMC behavior of the MAX13041 supplied
by the MAX1759 charge pump and com-
pare it to the behavior of the transceiver
supplied by a filtered, 5V-supply. In this
way we see both the impact of EMC
interference from the charge pump and
the pump’s robustness against interfer-
ences from the CAN lines propagating to
the supply. In this test, we consider two
domains: electromagnetic immunity (EMI)
and electromagnetic emission (EME).

Immunity Testing (EMI)

The ISO 11452 specifications de-
scribe several methodologies for testing
immunity to RF disturbances, including
bulk current injection (BCI), transversal
electromagnetic-cell (TEM-cell), strip-
line, and direct power injection (DPI).

We use the DPI method because of its
high reproducibility (due to the use of a
well-defined test board) and the relatively
low test effort needed. The principle of
the DPI test is straightforward: inject a
certain AC voltage into the bus lines,
modulated or not, and check the integrity
of the transmitted data signal through the
transceiver’s RXD pin. This method also
facilitates comparison between different
suppliers' designs and, moreover, is used
by independent laboratories testing CAN
transceivers (e.g., IBEE [Ingenieur Buereo
fuer industrielle Elektronik]).

Test setup

The test setup (Figure 4) consists of
three identical transceivers soldered
on a defined PCB, with one transceiver
supplied by the MAX1759 charge pump.
Node 1 operates as a transmitter for a bit
pattern that simulates a CAN message
to be received and monitored at the RxD
output ports of all transceivers. For RF
decoupling of outputs Rx1 to Rx3 and for
the input TxD1, 1kQ resistors are used.
A buffer ceramic capacitor (C = 100nF) is
used at the supply ports VCC and VBAT
of every transceiver IC. The resistors at
the wake-up pin have a value of 33kQ.
The devices are set to normal mode by
tying the pins EN and the active-low STB
high. The VCC voltage for node 1 is gen-
erated by the MAX1759 charge-pump
circuit, which is supplied with 3.3V. The
3.3V supply was also used as the VI/O
voltage of transceiver node 1.
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The output capacitor C1 for the charge
pump is 10pF; the flying capacitor C2 is
330nF; and the input IN pin is decoupled
with a 10pF capacitor. In the test circuit,
the bus termination is realized by a cen-
tral termination using the 60Q R4 resistor.
Symmetrical RF coupling/decoupling is
realized with the parallel RC combination
of R5/R6 = 120Q, C3/C4 = 4.7nF. The
external 3.3V, 5V, and 12V supplies are
provided by standard power supplies,
filtered by a filtering network.

Test procedure

The test is performed with the
MAX13041 CAN transceivers operat-
ing in normal mode. The first test run
is done with all transceivers supplied
by a standard VCC = 5V supply; at the
second test run, one CAN transceiver is
supplied by the charge pump (Figure 4).
A pattern generator produces a square
wave with a duty cycle of 50% to simu-
late a CAN signal (with permanent data
alternation 0-1-0) of 500kbps on the
TXD pin of node 1. An HF generator on
the RF input (HF1) injects an amplitude-
modulated (AM) AC voltage, with a
certain frequency, corresponding to a
power of 36dBm into the CAN lines to
simulate the disturbances.

To evaluate immunity, an oscilloscope
is used to compare the Rx signals of the
three transceivers in the network while they
are under the influence of the disturbances
to the signal fed into TXD. A validation
mask with a maximum allowed voltage
deviation of +0.9V and a maximum allowed
time deviation of +0.2ps is overlaid across
the TXD signal-wave shape.

If the failure criteria is true (i.e., if one of
the transceiver’s RXD signals is beyond
the validation mask window), the injected
RF power is reduced by 0.2dBm and the
same test (at the particular frequency
step) is repeated until the failure criteria
is false. Then, the current power value is
recorded and the next frequency step is
adjusted. The test is carried out over a
10MHz to 100MHz frequency range.

DPI test results

Figure 5 shows the test-result curves
of the MAX13041 supplied by a stan-
dard 5V supply on VCC (blue) and the
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MAX13041 supplied by the charge pump
(pink). The X axis indicates the frequency
range, while the Y axis indicates the

maximum power injected without failure.

The blue and the pink lines are almost
identical. This indicates that the EMI be-
havior of the circuit is dominated by the
CAN transceiver's EMI susceptibility and
not the charge pump’s EMI susceptibil-
ity. Therefore, supplying the MAX13041
CAN transceiver with the MAX1759
charge pump does not significantly af-
fect circuit performance when the circuit
encounters any EMI.

Emissions testing (EME)

The emissions test is performed on the
same test board and test setup as the
DPI test, except that the power injector
(HF generator) is replaced by a spectrum
analyzer. The test is again performed with
the CAN transceivers operating in normal
mode. The first test run is performed with
all transceivers supplied by the standard
VCC = 5V supply; the second one is
performed with one CAN node supplied
by the charge pump. The applied square
wave on the CAN TXD input (simulating
a transmitting bit stream of 500kbps) is
maintained, and the emissions on the
CAN lines are measured and recorded by
the spectrum analyzer in the 100kHz to
1GHz frequency range. The oscilloscope
is not required (Figure 4).

Emissions test results

Figure 6 shows the resulting EME
curves of the MAX13041 supplied by
the standard 5V supply on VCC (blue)
and by the MAX1759 charge pump (pink).
The X axis indicates the frequency
range, while the Y axis indicates the
level of the disturbances.

Here the peaks of the blue and the pink
lines (one transceiver supplied by the
charge pump) are almost identical to the
lines for the MAX13041 with the standard
5V supply (blue). This shows that the emis-
sions behavior of the circuit is dominated
by the CAN transceiver's emissions com-
patibility, and not that of the charge pump.
These test results indicate that it is possible
to supply a CAN transceiver with a charge
pump without significantly influencing the
overall EMC behavior of the system. How-

www.powersystemsdesign.com

ever, if transceivers or charge pumps of
other semiconductor vendors are selected,
it would be wise to run these tests on
those specific products since each vendor
s product performance could be different.

Conclusion

It can be challenging to achieve
electromagnetic compatibility with CAN
applications, especially if they are sup-
plied by switching voltage regulators

(charge pumps). However, this article
demonstrates that the EMC behavior of
the circuit is not significantly influenced
by the charge pump. Thus, supplying a
CAN transceiver with a charge pump for
applications that require low-power, low-
voltage operation at low cost is an option
for system designers who do not have a
readily available 5V power-supply rail.
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Digial Isolation

Digital Isolators

Superseding optocouplers in industrial

applications

For more than four decades, optocouplers have been the “default” signal isolation device, but CMQOS-
based digital isolation technology has made available smaller, faster and more reliable solutions that

have begun replacing optocouplers in many applications. Both classes of devices must provide signal

transmission with galvanic isolation, often in harsh industrial environments and in the presence of strong

electromagnetic fields, surges, fast transients and high noise levels.

By Don Alfano, Director of Power Products, Silicon Laboratories Inc

n optocoupler is a hybrid as-
Asembly that pairs a forward-

biased light-emitting diode
(LED) and a photodetector. The LED
emits light in response to the incom-

ing signal: the light passes through a

transparent, electrically-insulating film
or dielectric, and the detector recovers
the signal and presents it at the output

pins.

The digital isolator’s basic opera-

Output Die

Figure 1a: Optocoupler assembly X-ray
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tion is similar to that of the optocou-
pler, except an RF signal replaces the
emitted light. For example, Silicon
Labs’ digital isolator IC consists of two
identical semiconductor die connected
to form an RF transmitter and receiver
separated by a differential isolation
barrier. Data is transferred from input
to output using simple on/off keying.
When VIN is high, the RF carrier is
transmitted across the isolation barrier.
The receiver asserts logic 1 on VOUT
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when sufficient in-band carrier energy
is detected.

In an optocoupler (Figure 1a), the
LED and output die are attached to a
split lead frame and separated by a
physical gap containing a transparent
shield that reduces parasitic input/out-
put coupling capacitance. Optocoupler
cost and complexity increases with
channel count, and isolation break-
down voltage is primarily determined

Figure 1b: Decapsulated 6-channel digital Isolator
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Figure 3: Profibus optocoupler implementation vs. digital isolator

by the package plastic mould com-
pound.

six isolator channels (transmitter, dif-
ferential isolation barrier, and receiver

circuit) and forms six complete isolator

The 6-channel digital isolator (Figure
1b) contains two die fabricated in
standard CMOS technology in stan-
dard IC packaging. Each die contains

channels when connected. Unlike the
optocoupler, the digital isolator chan-
nels occupy a very small die area,

enabling cost-effective, high-channel-

Digial Isolation

count isolation solutions.

Safety standards

Isolators must meet safety stan-
dards for robust galvanic isolation
and be reliable enough to outlast the
equipment in which they are installed.
The designer must consider operating
parameters such as common-mode
transient immunity (CMTI), key tim-
ing parameters, and noise immunity
characteristics such as EMI and RF
susceptibility, and reliability concerns
such as continuous working voltage
and mean time-to-failure (MTTF). Safe-
ty insulation is the most critical aspect
of an isolator, and insulation must be
uniform; uniformity is a function of the
insulator material and the fabrication
process.

The dielectric strength of an opto-
coupler’s plastic package compound
can vary by as much as 300% due to
voids created during fabrication. Sili-
con Labs’ digital isolators use semi-
conductor oxide layers, fabricated by
standard CMOS techniques, for the
primary insulator. The oxide deposition
process is highly uniform and has a
dielectric strength variation of only 20
percent. The result is a higher abso-
lute maximum breakdown voltage in a
substantially smaller size compared to
optocouplers and insulator reliability
that is independent of the packaging
process.

Isolators may be classified as “basic”
or “reinforced”; distinctions between
the two categories include the volt-
age that each must withstand for one
minute in 100% safety testing (2.5 and
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Table 1: Operating characteristics of a 50Mbps optocoupler compared to a digital isolator
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5kVAC respectively) and the minimum
“creep” path length that their con-
struction must provide.

Operating conditions

Optocouplers require current to bias
the LED and some form of bias on the
output side, and these currents vary
widely with the type of optocoupler.
The optocoupler’s power consumption
increases with LED forward current,
which can range from 1mA to over
15mA and may require an external
driver. The optocoupler output imped-
ance can be low or high depending on
its architecture. Most low-cost opto-
couplers have a simple transistor out-
put that is high-impedance when LED
forward current is at zero and lower
impedance at higher LED currents.
Other (usually higher speed) optocou-
plers have an active photo coupler and
output driver that requires an external
bias voltage. Such devices have low
output impedance but increase total
operating current to 15mA to over
40mA.

The digital isolator offers sig-
nificantly higher operating efficiency
(1.7mA/channel at 10Mbps, VDD=5V,
CL= 15pF) compared to an optocou-
pler solution. Its high-impedance input
consumes microamps of leakage,
and its 50Q CMOS output driver can
source or sink 4mA. The digital isola-
tor’s power dissipation rises linearly
with increasing data rate, but at a
much slower rate than that of a typical
optocoupler.

Optocoupler timing parameters can
change with three variables: LED wear-
out, LED current and operating tem-
perature. As a diode ages, LED light
output (LOP) diminishes, impacting
timing and impedance characteristics.
LOP also falls with increasing tem-
perature. LOP degradation is partially
related to LED current, and the system
designer must take into account the
effects on LOP when deciding the
LED operating range, trading off drive
current for life expectancy and CMTI
performance.

Timing specifications are significant

for many digital isolator applications.
For example, the digital isolator ex-
hibits propagation delay (Tpd) that is
not only very nearly constant across
its operating temperature range but is
substantially less than that of typical
optoisolators. Tpd for optoisolators
varies inversely with drive current,
increases with temperature, and is
also different for rising and falling
signal edges. The digital isolator’s rise
and fall times vary by only 1ns across
temperature and supply voltage, and
worst-case propagation time is ap-
proximately 9ns at 120°C.

Low-capacitance design

Low parasitic capacitances are
inherent in the construction of digital
isolators, but difficult to achieve in an
optocoupler. The designer must deal
with this fact when considering toler-
ance to common-mode transients. If
fast changes in common-mode volt-
ages are anticipated, bias currents
must be set to ensure that the LED
cannot be momentarily activated in
error. Inadvertent LED activation can
impact power consumption and ser-
vice life. With an input-to-output ca-
pacitance of just 100fF (femtoFarads),
the noise immunity performance of a
digital isolator is expressed in a mini-
mum CMTI of 25kV/sec. The structure
is likewise very tolerant of incident
radiated electromagnetic interference
(EMI). The fully-differential signal path
rejects almost all interfering signals
induced in it, while the small physi-
cal size of the isolating capacitors
and the design of the low-power main
oscillator also contribute to meeting
the demands of the FCC Class B Part
15 test regime.

Digital isolators are designed to
tolerate operation in close proxim-
ity to large electric motors and other
magnetic field sources. For example,
the magnetic field immunity of a
Silicon Labs digital isolator has been
assessed as withstanding magnetic
fields of at least 1000A/meter (per
IEC 61000-4-8 and IEC 61000-4-9
specifications), which is far in excess
of that likely to be encountered in an
operating environment. Similarly, the

device can offer higher electrostatic
discharge (ESD) immunity than most
optocouplers. Once installed in a
board, the isolator becomes part of a
larger circuit where handling-related
ESD hits are often diffused across
lower impedance circuit paths. As

a result, an isolator with a 4kV ESD
rating can reliably operate within a
system having an ESD event of 15kV.
Standard system-level design proce-
dures to guard against transients and
noise should always be observed. The
device itself needs no external com-
ponents other than a small bypass
capacitor (0.22 to 1pF) on the sup-
ply rail to each (internal) chip. It is as
easy to use as connecting a standard
CMOS gate.

lllustrating the typical gains design-
ers can achieve by switching from
optical to RF isolation techniques,
Figure 3 depicts the PCB area required
to implement a Profibus interface.
Profibus is an industrial serial commu-
nication standard that uses a twisted-
pair serial link. It is similar to RS-485
or RS-422 and can operate in either
a low-speed (1.5Mbps) or high-speed
(12Mbps) mode. In this case the line
interface chip is a 75ALS176D differ-
ential bus transceiver. To interface it
to system logic with isolation requires
three separate optocouplers (for
receive, transmit and transmit-enable
signals), as well as a number of pas-
sive components. The digital isola-
tor package accommodates all three
signal paths (with capacity to spare)
and connects directly to system logic
and to the ‘176D with no need for bias
or other components.

Summary

While optocouplers have been the
dominant signal isolation device for
many years, the advent of the digital
isolator gives designers a smaller,
more integrated, faster and lower pow-
er alternative with none of the stability
or wear-out mechanisms of optocou-
plers.

www.silabs.com
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Integrated Driving

IGBT gate driver for automotive power inverters

Its more than 10 years since the market introduction of Avago technologies first smart gate driver. At
that time it was the world'’s first integrated IGBT gate driver optocoupler with inbuilt fault detection and
feedback functionality. The use of DESAT fault protection techniques was well known even then, but the
complex circuit nature and high associated cost, marginalized its use to a very small market segment.

By Patrick Sullivan, R&D Engineer, Isolation Products Division, Avago, Boeblingen, Germany

he introduction of this integrated
I gate driver was a major milestone,
in that it enabled adoption of high
performance IGBT protection on a mass

scale, in medium and low power inverter
industrial applications.

Inverter drive technology has now
moved into the automotive realm, with
applications ranging from low power ap-
plications such as air conditioning and
heating, through to high power applica-
tions such as traction in Hybrid and full
electric vehicles.

IGBT Short Circuit Robustness

Although many new types of power
switches are being evaluated for use in
automotive inverters such as silicon car-
bide, the current preferred power switch
in high voltage inverter applications is
the IGBT.

In the desire to minimize power losses
in IGBT’s, subsequently generations
of IGBTs have sought to reduce both
switching and conduction losses.

In regards to conduction losses, often
a compromise is made with robustness.

A reduction in conduction loss often
leads to an increase in short circuit cur-
rent and consequently a reduction in
short circuit survival time.

So to achieve the requirement of low
conduction loss and maintain overall
system robustness, it is important to
have a fast and reliable IGBT short cir-

250 pA Vg (16)

DESAT (14)

GND (4)

FAULT (6)

ey

FAULT

w

| voura
RESET (5 FAULT | 1 50x
Vg (9,10)
py _ ‘%_L
— o 1x

"—'<?V
L

LG = Veez(13)
2V
‘: — Ve (12)

Figure 1: ACPL-36JV Functional Diagram

cuit detection and protection circuit.

IGBT Fault Detection Methods
Many types of internal or external
fault conditions in an inverter can result
in current overload conditions in one
or more IGBTs; examples are phase to
phase short circuit’s or shoot conditions
on inverter bridge legs. Some of these
faults can be detected using phase cur-
rent sensors, but not all faults may be
detected in this manner.

The alternative to using the phase cur-
rent measurement method is to detect
the current level at each IGBT. There are
several methods of detecting the current
level e.g. shunt resistor or split emitter
IGBT. Each of these methods generates
a voltage signal which is proportional to
the load current on the IGBT.

The over current protection method in

turn uses this voltage threshold to trig-
ger protection mechanisms. Since the
maximum tolerable current for the IGBT
is dependent on IGBT process varia-
tions, operating temperature and gate
voltage it is necessary to set the trigger
threshold at quite a conservative level.

DESAT detection as it names sug-
gests relies on directly detecting the
IGBT coming out of saturation due to an
over current condition. The advantage of
this method is that it monitors the actual
operating condition of the IGBT and ef-
fectively reduces the influence of many
external factors, enabling higher power
utilization of the IGBT.

Integrated Gate Driver Functionality
The ACPL-36JV incorporates all the
necessary features to provide an auto-
motive grade integrated isolated IGBT
driver with DESAT fault detection. High
speed bi-directional communication is
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Figure 2: IGBT Application Circuit

achieved by two high speed optical links
between two integrated circuits, buffer
IC1 and output IC2.

The buffer IC which is gnd referenced
to the low voltage controller is used to
transmit the isolated gate drive trigger
signal and acts as a receiver for the fault
status signal.

The output IC is based on a BICMOS/
power DMOS process providing a high
performance gate drive circuit drive
together with fault detection circuitry.

Fault Management
Just as important as the detection of
the fault is the fault resolution.

By the time the fault condition is
detected, it is possible that quite a
considerable current is flowing. So if
the IGBT is shut of very quickly, the fast
di/dt together with unavoidable parasitic
connection inductance can potentially
cause the peak voltage rating to be
exceeded, defeating the protection phi-
losophy.

This problem is mitigated by imple-
menting soft shut turn off, which re-
duces the di/dt by increasing the IGBT
gate discharge time in the event of a
fault condition. The autonomous fault
detection function can be configured to
simultaneously shut down all other gate
drivers at the same time. Alternatively
the fault detection may be configured to
isolate fault detection and signaling to
each IGBT separately. The later method
readily allows the implementation of a
graceful fault and shutdown strategy
which is often desirable in automotive
traction applications.

Reliability

Automotive quality and reliability
expectations are typical much higher
than many consumer application and
industrial applications.

This increased level of reliability often
has to been obtained in a more hostile
environment.

One of the key elements of the opti-
cally isolated gate driver is the internal
LED.

The last decade has seen rapid
advances in the performance of LED
technologies, enabling their use in an
ever expanding range of illumination ap-
plications.

These same technological advance-
ments have also enabled significant im-
provements in LED’s for optocouplers.

The purpose designed LED used in
all of Avago’s automotive optocoupler
products offers not only excellent stabil-
ity over a wide temperature range, but
also an extremely stable operation even
after long periods of time at high ambi-
ent temperatures.

The gate drive and fault detection func-
tionality must operate flawlessly even in
the presence of high levels of radiated
and conducted electromagnetic noise.

Such noise emissions have a high
propensity to cause disruption to low
voltage digital signals. Occasional false
triggering of the fault detection signal
might be regarded more as an annoy-
ance, but false triggering of the IGBT
gate driver could result in uncontrolled
shoot through in inverter legs, leading to
either immediate or latent IGBT damage.

In the case of immunity to radiated
emissions the advantage of optical
transmission technologies is perhaps
obvious, but less obvious is the advan-
tage in regard to common mode voltage
immunity. Optical isolation allows the
internal separation distance to be large;
ensuring a very low parasitic capacitor
across the insulation boundary. Sec-
ondly the beauty of optical transmission
technology is that the data transmis-
sion modulation frequency (light) is
many orders of magnitude higher than
external noise frequencies, enabling the
use of a highly efficient optical transpar-
ent faraday shield on the receiver. One
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Figure 3: Optocoupler LED High Tem-
perature Lifetime

of the fundamental requirements of the
isolated gate driver is to provide high
voltage level shifting functionality.

The peak voltage stress applied
across the optocoupler is directly related
to the DC link voltage. Many traction
applications today are using 400V link
voltages but in the near future this will
increase to 900V. Very early adopters
of inverter drives often observed, that
compared to 50Hz AC the increased HV
stress of a high frequency inverter was
often found to cause premature insula-
tion failures in the winding insulation of
order generation AC induction motors.

This same extreme HV stress condi-
tion is also observed across the isola-
tion of the gate driver. To prevent the
activation of wear out mechanisms such
as partial discharge, space charge deg-
radation and other time dependent ag-
ing mechanisms, thick double insulation
polymer construction is used. Ensuring
that maximum E-field stress levels are
always maintained at long term sustain-
able levels. An additional benefit of
such a construction is the ability to meet
reinforced or double insulation require-
ments for safe insulation applications.

In addition to designed in reliability.
Consideration needs to be given to
quality control procedures such as TS
16949 and qualification testing accord-
ing toAEC-Q100. This includes qualifi-
cation and testing at multitude of levels,
ranging from design rules and foundry
level through to packaging.

www.avagotech.com/optocouplers
www.avagotech.com
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Current Sensing in HEV's

Advances in Hall effect current sensor

technology

Consumers are embracing environmentally friendly “green cars” as a result of the rising cost of fossil

fuels and a growing concern for the health of the environment. Sales forecasts have predicted that
green car sales will comprise 20%-25% of all vehicle sales by the year 2015. The hybrid electric
vehicle (HEV) is quickly becoming the most popular green car and by 2015 is expected to comprise

approximately 12% of global vehicle sales.

By Shaun Milano and Mike Doogue, Product Marketing, Allegro MicroSystems, Inc

ybrid electric vehicles employ
H complex power electronic

circuitry to control the flow of
electric energy throughout the vehicle.
In a single motor HEV (see figure 1) the
motor acts as a drive motor in parallel
with the internal combustion engine,
or as a generator to charge the battery
during regenerative braking.

A typical HEV contains various
systems that require electrical current
sensors for maximally efficient opera-
tion; including AC motor and DC-DC
converter applications. This article fo-
cuses on recent advances in Hall effect
current sensor technology and the use
of unique, high bandwidth, enhanced
resolution current sensors in HEV ap-
plications.

The HEV power cycle

In the HEV power cycle the main
battery voltage is inverted as shown in
Figure 1 and the resulting AC voltage is
applied to the motor which in turn drives
the wheels. During regenerative braking
the AC motor also serves as a generator.
When the regeneration system is active,
the output of the motor/generator is
rectified and converted to a DC voltage
necessary to charge the HEV battery

www.powersystemsdesign.com

cells, completing the power cycle. If the
HEV is a plug-in vehicle, then line volt-
age can also be rectified and used to
charge the battery.

The regenerative braking process is
a primary contributor to the improved
fuel efficiency of an HEV, since braking
energy which is normally wasted in the
form of heat is partially recovered and
used to charge the main battery. To

power the low voltage infotainment and
body control subsystems in the car a
DC-DC converter is typically used to
reduce the hybrid battery voltage (typi-
cally 300 to 500V) to a lower level DC
voltage.

A Revolution in Hall Effect current
sensing

One drawback of conventional Hall
effect sensors, when used in current

Mechanical AC
Linkage Elactrical

Figure 1: Typical HEV system block diagram
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is required for efficient operation of the
system motor (see Figure 3b). The
inverter phase currents are measured
and the resulting information is typi-
cally used to control the pulse-width
modulated (PWM) inverter switches
(typically IGBTs). The inverter control
loop requires high bandwidth current
sensors to improve accuracy, and to
maximize motor torque and overall
motor efficiency. High side current
sensors with fast response times also
enable over-current protection during

a short circuit condition from a motor
phase to the system ground node. The
Allegro A1360 Hall linear device is tailor
made to meet the voltage isolation, >
200 ampere (A) load current, and high
bandwidth demands of HEV inverter
applications.

The A1360 linear Hall effect sen-
sor is typically placed in the gap of a
ferromagnetic toroid which surrounds
each inverter phase conductor in the
motor (Figure 2). As current flows in
the conductor the toroid concentrates

Figure 2 depicts the wide range of proprietary package configurations in the Allegro
current sensor family and displays the current magnitude that can be sensed using

each package type.

sensing applications, has been a general
limitation in both accuracy and output
signal bandwidth. However, Allegro

® MicroSystems, Inc. has developed a
broad family of Hall effect current sensor
integrated circuits (ICs) that are ideally
suited for HEV applications.

The features and benefits of these
industry leading Allegro current sensors
include:

o Signal processing and package
design innovations enable > 120kHz
output bandwidth

° The highest current resolution,
lowest noise spectral density Hall sen-
sors in the marketplace

° Proprietary, small footprint sen-
sor packages with galvanic iso lation
. Reduced power loss: through

hole compliant and low-resistance inte-
grated conductor packages
° Precise factory programming
of sensor gain and offset

Current sensing in inverter applica-
tions

The 3-phase, full bridge driver in a
typical inverter converts DC battery
voltage to a 3-phase AC voltage that

the resulting magnetic field through the
standard single-in line package (SIP).
The A1360 Hall transducer provides

an output voltage proportional to this
current. The device is available in a
proprietary, 1 mm thick package that
reduces eddy current losses to improve
sensor output bandwidth when com-
pared to more conventional IC packag-
es. Allegro SIP-based current sensors
have a typical output bandwidth as

Figure 3a: DC-DC converter charger  Figure 3b: Three-phase DC-AC inverter
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high as 120kHz and offer high resolu-
tion, high accuracy performance that
allows for higher speed control of the
PWM switches in an inverter system.
Additionally, these SIP sensors offer a 3
ps output response time for IGBT over-
current protection applications. The
form factor of this solution is also much
smaller than bulky current transformers.
The Allegro SIP package easily pro-
vides the necessary galvanic isolation
because the sensor output leads are
not connected to the high voltage, cur-
rent carrying conductor in each phase
of the motor.

DC-DC converters

The current sensing range and the
isolation voltage required determine the
optimum Allegro current sensor pack-
age for use in DC-DC converters.

Current sensors in DC-DC convert-
ers often need to sense current down
to DC frequencies. This need pre-
cludes the use of current transform-
ers in fully optimized systems. Using
shunt resistors in these applications is
also challenging (or impossible) since

the high input or output DC voltages
require expensive, high common-mode
input operational amplifiers. As a result
of the inherent galvanic isolation of Al-
legro Hall effect sensor ICs, and their
ability to sense both DC current and
high frequency current signals, they are
a logical choice for HEV DC-DC con-
verter applications.

A simplified regenerative DC-DC
converter is shown in Figures 1 and
3a. The regenerative converter utilizes
a current sensor that can operate at bat-
tery voltage levels. Accurately sensing
the converter output current is a critical
function as HEV battery life is extended
by limiting the charge current delivered
to the battery.

The ACS714 current sensor is ideal
for many lower current, subsystem
DC-DC converter applications and
is a factory trimmed, galvanically
isolated sensor that is available in an
extremely small form factor SOIC8
package with an integrated 1.2mQ
conductor for low power loss. Ad-
ditionally, the Allegro ACS758 device

ort - Automotive Electronics

incorporates both a 100pQ conduc-
tor and a ferromagnetic core into a
small form factor, galvanically iso-
lated package capable of sensing 50
through 200A. Currents above 200A
can be sensed with the SIP based
toroid configuration mentioned earlier.
All of these Allegro solutions offer in-
dustry leading high bandwidth output
performance and exceptional current
resolution capabilities.

Summary

Allegro’s latest generation Hall effect
current sensor IC technology offers sig-
nificant advantages in sensing both AC
and DC currents in HEVs. Hall current
sensors have inherent galvanic isolation
for high side current sensing, and offer
low power loss in high efficiency HEV
applications. Recent improvements
in Hall IC technology by Allegro have
resulted in the development of industry
leading high bandwidth, high resolution
current sensor ICs that are ideally suited
for use in HEV Inverter and DC-DC con-
verter applications.

www.allegromicro.com
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Drive with Infineon’s
EiceDRIVERs™

Gate drivers using CLT technology
for automotive hybrid and electric vehicles

In order to fulfil increasingly stringent requirements to improve fuel economy and to reduce emissions,

the automotive industry is looking for innovative solutions. In the future, e-Mobility is expected to play a
major role in the overall reduction of CO, emissions.

By Laurent Beaurenaut, Senior Staff Application Engineer, Electric Drive Train Systems, Infineon

he mass production of this tech-
I nology is highly depending on the

introduction of cost effective and
reliable power electronics.
Infineon’s product portfolio,
scaling from bare dies and
discrete ICs to power mod-
ules, is aimed at helping the
development of optimized
system solutions for hybrid
and electric vehicles.

In order for the electric
motor to provide directly or
indirectly traction energy to
the vehicle, an inverter is
used to convert the high-
voltage battery dc voltage
into ac signals driving the
motor. Typically, an inverter
is made of a high power
IGBT module controlled by a
smart logic operating in the
low voltage (typically 12V)
battery domain. Between
the microcontroller and the
IGBT switch stands a gate driver whose
main role is to control optimally and
safely the switching behaviour of the
IGBT transistor. Infineon’s 1ED020112FA,
1ED020112FTA and 2ED020I12FA auto-
motive gate drivers have been specifi-

Technologies AG, Germany

idea of the coreless transformer tech-
nology is to integrate the two coils of a
transformer into an integrated circuit.
Data transfer is enabled bi-
directionally in an inductive
way. CLT offers multiple ad-
vantages in comparison to
other technologies. First, it
does not show the degrada-
tion over life time which is
typically seen with optocou-
plers. Secondly, with appro-
priate design and packag-
ing measures, it shows high
immunity to electro-magnetic
interferences and transients.
Finally, it can be easily
implemented within standard
chip production processes,
which leads to a reduction of
system costs in comparison
for example to discrete ap-
proaches. Moreover, while a
discrete transformer needs

cally designed for this purpose.
A step towards smarter and safer
drivers

Figure 1: 1TEDO20I12FA IGBT driver IC in PG-DSO-20-55 package  a core to direct the magnetic

flux the coils in an IC can be
placed close enough to save the core.
Infineon EiceDRIVER™ automotive family
are all based on the CLT technology.

The microcontroller and the high-
power stage need to be electrically
insulated. Infineon has developed the
Coreless Transformer Technology (CLT),
which enables galvanic insulation up to
6kV (according to EN50178). The main

The 1ED020I12FA (Figure 1) is an
advanced IGBT gate driver. It can
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source or sink up to 2A which makes

it suitable to drive directly smaller
MOSFET and IGBT power modules (up
to 100A typically). Control and safety
relevant functions are included in order
to increase the reliability of the whole
system. The driver consists of two
galvanic separated parts: the input
chip can be directly connected to a
standard 5V DSP or microcontroller
with CMOS standard 1/Os, the output
chip being connected to the high volt-
age side. The rail-to-rail driver output
enables the user to clamp easily the
IGBTs gate voltage during short circuit
conditions, while at the same time
limiting the power losses in the device.

The 1ED020I12FA has implemented
several internal end external protection
features. To ensure the correct switch-
ing of IGBTSs, the device is equipped
with separate under voltage lockout
monitors for the primary and secondary
sides. If the power supply voltage of
either side drops below a given thresh-
old, the IGBT is brought into a safe off-
state. The PWM signals at the input
are then ignored until the failing supply
reaches a safe operating level again. In
case of supply failure, a fast notification
is sent to the microcontroller via the
READY pin.

Internally, the integrity of the signal

www.powersystemsdesign.com

pace across the CLT is strengthened by
several mechanisms. In order to limit
the effect of single disturbances, the
PWM signal commands (both ON and
OFF) are resent at periodic intervals of
about 500ns. A watchdog function is
also used to monitor automatically the
signal transmission across the CLT. If a
failure is detected, the IGBT is switched
off and the READY output reports an
internal error to the microcontroller.

Externally, a desaturation protec-
tion (DESAT) ensures the protection of
the IGBT in case of short circuit. The
DESAT functionality monitors the volt-
age across the IGBT. When the voltage
at the DESAT pin exceeds a threshold,
the IGBT gate voltage is forced to low.
Moreover, the FAULT output is acti-
vated, allowing a fast notification to the
microcontroller. A programmable blank-
ing time is used to suppress spikes
and noise introduce by IGBT switching.
Blanking time is controlled by a highly
precise internal current source and an
external capacitor.

The internal active Miller clamp func-
tion prevents the occurrence of para-
sitic turn-on effects during high dV/dt
situations (for example when the other
transistor of the leg switches on). Dur-
ing turn off, the gate voltage is moni-
tored and the clamp output is activated

ort — Automotive Electronics

automatically in order to provide a low
impedance path to the parasitic current
flowing through the Miller capacitance.

The 1EDO20I12FTA is a further evolu-
tion as it provides an additional function-
ality: the Two Level Turn-Off (Figure 2).
With this feature, the gate driver switch-
es the IGBT off using two steps, i.e. by
forcing the gate voltage to an intermedi-
ate value. Both plateau value and hold
time are configurable. This way, too fast
current variations can be avoided and
therefore the collector-emitter voltage of
the IGBT can be kept below the allowed
maximum value.

The 2EDO020112FA goes one step fur-
ther towards function integration since
it provides high and low side isolated
referenced outputs. The device consists
of two galvanic separated drivers. The
device also includes a DESAT protection
with a FAULT status output for each of
the drivers. Two READY status outputs
reports if the device is supplied and
operates correctly.

Samples of the 1ED020I12FA and
1EDOQ20I12FTA can be order in PG-
DSO0-20-55 Package. Samples of the
2EDO020I12FA in PG-DS0O-36/32-1 Pack-
age will be available in September 2010.

Outlook

Over years, the general trend for elec-
tronic automotive systems has always
been to go for more integration: the
exponential increase of computational
power of microcontrollers leads to the
progressive replacement of hardware
functions into software; digitalization
leads to the introduction of smart sen-
sors with enhanced functional and di-
agnostic capability. This general trend is
also expected for the drivers, which are
mainly relying today on analog technol-
ogy. The realization of smart and cost-
effective drivers, integrating a high share
of digitalized functions and meeting
functional safety requirements as per
SIL and ASIL levels, will be one of the
most exciting challenges the high-power
automotive electronic manufacturers will
have to face in the coming years.

www.infineon.com
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Next Generation
Automotive

Compact and efficient power electronics

enablers

With the recent upsurge in hybrid vehicle adoption and almost all major car OEMs now working on

full electric vehicle projects, people often point out that this is old news. In many respects they are
correct; the origins of the electric car can be traced back to the 1830s and by the late 1890s fleets of
electric taxi cabs were running around the streets of several US cities. So what’s different this time

round?

By Benjamin Jackson, Product Manager, Automotive MOSFETS, International Rectifier

here have been two major barriers
I to the electrification of the car to

date. The first is the dominance
of the existing technology. In short the
internal combustion engine is just too
good. Modern engines are mass pro-
duced, cost effective, well understood,
highly refined & reliable and supported
by a universally established refuel-
ing and repair infrastructure. Now as
governments scrutinize CO, emissions,
the internal combustion engine is com-
ing under pressure from both ends with
heavy taxes on the gasoline put into the
tank and on the emissions flowing out of
the exhaust. The second major obstacle
to the electrification of the car is energy
density. The main enablers here will
be new battery technology and novel
battery management schemes. But at
the same time the systems which use
the limited onboard supply of electrical
energy will have to do so in a more intel-
ligent way. An increasing awareness of
efficiency is fueling a rapid change in the
application landscape across all vehicle
types. High power DC-DC converts,
HID lighting, class D audio, electric
power steering, 3 phase inverters and
synchronous rectification will appear in
increasing numbers on next generation

cars, offering efficiency and good power

density. Power MOSFETs will be a key
enabling technology in both controlling
the battery and its loads.

By their nature power MOSFETSs are
not ‘ideal’ switches. MOSFETs have
a finite on-resistance, add parasitic
parameters to the electrical path and,
the more power needed the more space
is required for switches and cooling
assemblies. These all affect the power
density and efficiency of a given power
electronics system. How can this be
improved?

The power dissipation in the steady
state of a semiconductor can be ex-
pressed as:

pa=li"ls

thJA

(1) Where Pd is the power dissipated
in the semiconductor switch, T; is the
junction temperature, T, the ambient
temperature of the surroundings and
Rinais the total thermal resistance from
junction to ambient.

Also considering the relationship be-
tween power, current and Rpg
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2
P =1, RDS(on)

(2) Combining 1 and 2 together we
can link the current to the thermal resis-
tances and the Rpgy:

T -T,
1, :\/( thhJA J /RDS(z)n)

(3) This equation is important as it
shows how the thermal management
aspects of the design have a direct
impact on the electrical performance of
the system.

Finally dividing by the area of the MOS-
FET’s PCB footprint, A, We can arrive at
the current density of the device:

T.-T
[ : A] /RDS(an)

RthJA

App

CurrentDensity =

(4) On closer inspection of equation
4 the main obstacles to greater current
density can seen.

Minimize thermal resistance —
Maximize heat extraction

The first step to increasing power density
is to ensure that for a given Rpg) the sili-
con in housed in a package which enables
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Figure 1: Comparison of cooling routes fo

the heat generated to be easily extracted;
Riua must be as low as possible.

To keep Ryya low semiconductor
designers can increase the size of the
silicon die, getting more die in contact
with the package enables a better heat
transfer to the outside world, a larger die
archives this and has lower Ryg,), but
at greatly increased cost. Alternatively
the thermal resistances of the pack-
age can be reduced, perhaps with new
materials or a new style of package.
Most traditional power packages only
have a single cooling path; through the
bottom of the device to the PCB or heat
sink. Great improvements can be made

r a D2Pak and large can DirectFET package

with the addition of a secondary cooling
path; this is exactly what the DirectFET
package enables via top side cooling.

Figure 1 compares and contrasts the
thermal routes for getting the heat out of
a Large Can DirectFET package and a
D2Pak. In both cases the designer has
attempted to achieve the lowest possible
thermal resistance from junction to ambi-
ent by using both the downward thermal
path from the junction to the PCB and
the upward path through the package to
a heat sink on top of the part.

Both packages have good ther-
mal resistance from the junction to the
PCB with values of 0.5°C/W and 0.45
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°C/W for the Ry, ;.pcg Of the DiretcFET
and D2Pak respectively. By adding a
second upwards thermal path these
values can be reduced. The D2pak was
not designed to be cooled through the
top of its thick plastic package, but if
this is attempted an Ry, ,10p (junction to
top of package thermal resistance) of
around 85°C/W will be seen compared
to the DirectFET which has an consider-
ably lower value of 1.2°C/W. When the
overall thermal resistances of the two
routes in parallel are compared the dual
sided cooled DirectFET has a thermal
resistance which is around half of the
D2Pak. Using the second thermal route
enables an instant improvement in the
current density of the system.

Keep Rpson) loW

Looking at the numerator of equation
4 after having kept Ry,,4 low it’s then
important to consider the root cause of
the heating — the on resistance of the
device. A key figure of merit here is the
semiconductor material and the design
of the MOSFET itself. However silicon
based MOSFET technology is maturing
forcing manufacturers have to look to
further afield to complex silicon solu-
tions or new materials to keep the Rpgy
low. But it is also important to consider
the effect of the package on the Rpg,
value or rather the limitations that the
package places on delivering ultra low
Rosen) to the system.

MOSFETs with an on resistance in the
1mQ range at 40V are reasonably com-
mon in the market today and increas-
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Figure 2: Comparison of die free package resistances for

different power packages
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Figure 3: Package footprint to maximum die size area ratio for

different power packages
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Table 1: Comparison of current density for a D2Pak-7P and a large can DirectFET

with different cooling arrangements

ingly on such devices around half of the
Rosen Stated on the datasheet is attribut-
ed to the package. The resistance that
the package adds to the silicon is know
as the Die Free Package Resistance
(DFPR) and figure 2 shows the DFPR
values for various power packages.

There is a large range in DFPR values
between the existing plastic packages
(shaded in green). Different wire bond-
ing and lead frame options enable the
DFPR to be greatly reduced to around
0.3mQ in the case of the copper clip
PQFN. However the lead frame and
wire bonds on the traditional plastic
packages still leave a relatively long
electrical path between PCB and die.
As the market continues to demand
more efficient systems, at higher power
levels, Rpsen Values will hit a fundamen-
tal limit at the resistivity of the conduc-
tors in the packaging. When the wire
bonds and leadframe removed (in the
case of DirectFET) the DFPR is reduced
to a value of less than half of best per-
forming equivalent plastic power pack-
age at a mere 150pQ. This enables very
low Rps(n and the best possible cur-
rent density for a given semiconductor
technology. Furthermore the dramatic
reduction of the DFPR barrier ultimately
means that a lower area of silicon is

needed to deliver a given Rpg to the
system and thereby opening up the pos-
sibility of cost savings.

Go small to be effective

Finally turning to the denominator
of equation 4 it’s clear and logical that
ultimately the smaller the footprint of
the MOSFET greater the current den-
sity. But such a reduction in package
footprint area must not be done at the
expense of Rpg(,n OF current rating. Ide-
ally the designer wants to get the lowest
Rosen) POSSible in a given space. As
die size and Rpg(, are inversely propor-
tional, calculating the ratio of package
footprint area to maximum die size area
for the given package is an indication
of the Rps(or Performance that a given
package can offer in a given space. Fig-
ure 3 plots the ratio of package footprint
to maximum die size area.

In figure 3, the ideal ratio would tend
towards 1, giving the least mm2 of
PCB footprint to achieve a given Rpg()-
However figure 3 clearly shows the area
overhead that the more traditional pack-
ages such as the DPak and D2Pak place
on the die size area, and ultimately the
reduction in current density. The D2Pak
has a package footprint to maximum die
size area ratio of 5; the package area is
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five times the size of the largest die size.
The Large Can DirectFET however offers
a ratio of around 1.7 — so ultimately on
the PCB you can achieve a given Rpg,
in a smaller space and therefore at a
higher current density as well as saving
on PCB and enclosure space.

Drawing the factors of space, Rpgn
and Ry, together, table 1 (using equa-
tion 4) makes a side by side comparison
of a low Rpgn) D2pak product with a
counterpart Automotive DirectFET prod-
uct. The table summarizes the improve-
ment in current density.

By taking two high performance 40V
power MOSFETs which are typically used
in automotive applications table 1 shows
how current density can be improved
by over 3 times due to the low package
resistance and small PCB footprint of the
DirectFET package. When dual sided
cooling is employed the DirectFET can
further improve its margin to over 5 times
the current density of the D2Pak.

The adoption of new fuel efficient ve-
hicles has been kick-started by financial,
environmental and political forces of the
last few years. But the electrification of
the car will only be a long term success
if new electrical solutions prove they
can overcome the technical and practi-
cal dominance of the existing internal
combustion engine and its drive train.
This has proven to be too greater hurdle
over the last 170 years, but today, with
highly efficient, cost effective & com-
pact power semiconductors and battery
technology the links to the successful
electrification of the car are beginning
to connect. The humble package which
holds the small and delicate semicon-
ductor it important to protect the device
from its environment but it also serves
an important role as the performance
gatekeeper between the die and the
PCB. As tougher performance goals are
set bringing the packaging technology
of power semiconductors up to date will
be key to unlock the maximum perfor-
mance from existing silicon MOSFETs
and the next generation compound
semiconductors.
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Essential Multicell
Monitoring
Maximizing the cycle life of rechargeable

battery packs

Rechargeable battery packs prematurely deteriorate in performance if any cells are allowed to over-

discharge, for example, in hybrid automobiles or lower-cost products like portable tools and backup
power sources. As a pack becomes fully discharged, the ILOAD ® RINTERNAL voltage drop of the

weakest cell(s) can overtake the internal VCELL chemical potential and the cell terminal voltage

becomes negative with respect to the normal voltage

By Jon Munson, Senior Applications Engineer, Linear Technology Corporation

cal processes begin altering the internal

material characteristics that originally
provided the charge storage capability of
the cell, so subsequent charge cycles of
the cell do not retain the original energy
content. Furthermore, once a cell is im-
paired, it is more likely to suffer reversals
in subsequent usage, exacerbating the
problem and rapidly shortening the useful
cycle life of the pack.

I n such a condition, irreversible chemi-

With nickel-based chemistries, an over-
discharge of a set of series-connected
cells does not necessarily lead to a safety
hazard, but it is not uncommon for one or
more cells to suffer a reversal well be-
fore the user is aware of any significant
degradation in performance. By then, it is
too late to rehabilitate the pack. In the case
of the more energetic lithium-based cell
chemistries, reversals must be prevented
as a safety measure against overheating or
fire. Monitoring the individual cell voltages
is therefore essential to ensure a long pack
life (and safety with lithium cells).

Enter the LTC6801, developed to
provide integrated solutions for these
specific problems. The LTC6801 can
detect individual cell overvoltage (OV)
and undervoltage (UV) conditions of up
to twelve series connected cells, with

www.powersystemsdesign.com

cascadable interconnections to handle
extended chains of devices, all indepen-
dent of any microprocessor support.

Features of the LTC6801

The operating modes and programmable
threshold levels are set by pin-strap connec-
tions. Nine UV settings (from 0.77V to 2.88V)

and nine OV settings (from 3.7V to 4.5V) are
available. The number of monitored cells
can be set from 4 to 12 and the sampling
rate can be set to one of three different
speeds to optimize the power consump-
tion versus detection time. Three different
hysteresis settings are also available to tailor
behavior of the alarm recovery.

P

i

Foseers
e B
5. T
100k raaien
LTCRSM %
L O]
o I M T l_ 100nF i ks
bt — Jon w
- e
f  100nF l— = e W = o
2 |—< e HvaT — LTST-C100kaxT W'
! : Ch oy »
T o7 o0 |—e
}—4 | ce S NTOEK
1k 100nF gi SLTOK I~ CMHDA5T A o
1257 {14 1
I_ I— & E0UT + =
1k 100nF G2 'Em‘r |r.|:|:
0 H ct S || o2 3 o
3 10K
Tk 100nF ¥ &l
257 ViEwEt S0UT .
|_‘ Viewsz  SO0T - L
1k 100nF = Vikee N —
25V }_' - £H LTEHA06 J
1k 100nF Ve OUT
I'i:-*.' = GND GND =
1 [ &iow s
= PET
EEA?LE 100nF :l: } 1M
L

Figure 1: An 8-cell nickel pack can be easily monitored and protected from the

abuse of over-discharge
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Figure 2: Real-world cell performance

To support extended configurations
of series-connected cells, fault signal-
ing is transmitted by passing galvani-
cally isolated differential clock signals in
both directions in a chain of “stacked”
devices, providing excellent immunity
to load noise impressed on the battery
pack. Any device in the chain detecting
a fault stops its output clock signal, thus
any fault indication in the entire chain
propagates to the “bottom” device in
the stack. The clock signal originates
at the bottom of the stack by a dedi-
cated IC, such as the LTC6906, or a
host microprocessor if one is involved,
and loops completely through the chain
when conditions are normal.

In many applications, the LTC6801
is used as a redundant monitor to a
more sophisticated acquisition system
such as the LTC6802 (for example, in
hybrid automobiles), but it is also ideal
as a standalone solution for lower-cost
products like portable tools and backup
power sources. Since the LTC6801 takes
its operating power directly from the
batteries that it monitors, the range of us-
able cells per device varies by chemistry
in order to provide the needed voltage to
run the part— from about 10V up to over
50V. This range supports groupings of 4—
12 Li-ion cells or 8-12 nickel-based cells.
Figure 1 shows how simply an 8-cell

nickel pack can be monitored and pro-
tected from the abuse of over-discharge.
Note that only an undervoltage alarm

is relevant with the nickel chemistries,
though a pack continuity fault would still
be detected during charging by the pres-
ence of an OV condition.

Avoiding Cell Reversals
Cell reversal is a primary damage

mechanism in traditional nickel-based
multicell packs and can actually occur
well before other noticeable charge-
exhaustion symptoms set in.

Consider the following scenario. An
8-cell nickel-cadmium (NiCd) pack is
powering a hand tool such as a drill. The
typical user runs the drill until it slows to
perhaps 50% of its original speed, which
means that the nominal 9.6V pack is
loading down to about 5V. Assuming the
cells are perfectly matched as in the left
diagram of Figure 2, this means that each
cell has run down to about 0.6V, which
is acceptable for the cells. However, if
there is a mismatch in the cells such that
perhaps five of the cells are still above
1.0V, then the other three would be below
zero volts and suffer a reverse stress as
shown in the middle diagram of Figure 2.

Even assuming that there is only one
weak cell in the pack (a realistic scenario)
as in the right diagram in Figure 2, the
first cell reversal might well occur while
the stack voltage is still 8V or more, with
just a subtle reduction in perceived pack
strength. Because of the inevitable mis-
matching that exists in practice, users un-
knowingly reverse cells on a regular basis,
reducing the capacity and longevity of their
battery packs, so a circuit that makes an
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Figure 3: Circuit to provide an audible alarm indication that the battery is near deple-
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early detection of individual cell exhaustion
offers significant added value to the user.

Using the LTC6801 Solution

The lowest available UV setting of the
LTC6801 (0.77V) is ideal for detecting
depletion of a nickel-cell pack. Figure 1
shows a MOSFET switch used as a load
disconnect, controlled by the output state
of the LTC6801. Whenever a cell becomes
exhausted and its potential falls below the
threshold, the load is removed so that cell
reversal and its degradation effects are
avoided. It also allows the maximum safe
extraction of energy from the pack since
there are no assumptions made as to the
relative matching of the cells as might
be the case with an overly conservative
single pack-potential threshold function.

A 10kHz clock is generated by the
LTC6906 silicon oscillator and the
LTC6801 output status signal is detected
and used to control the load disconnect
action. Since this example does not in-
volve stacking of devices, the cascadable
clock signals are simply looped-back

rather than passed to another LTC6801.
An LED provides a visual indication that
power is available to the load. Once the
switch opens, the voltage of the weak
cell tends to recover somewhat and the
LTC6801 reactivates the load switch (no
hysteresis with 0.77V undervoltage set-
ting). The cycling rate of this digital load-
limiting action depends on the configura-
tion of the DC pin; in the fastest response
mode (DC = Vgeg), the duty cycle of the
delivered load power drops and tapers
off, with pulsing becoming noticeable
and slower as the weakest cell safely
reaches a complete discharge.

In some applications it is not accept-
able to spontaneously interrupt the load
when the weakest cell is nearing full dis-
charge as depicted in Figure 1. For those
situations, the circuit of Figure 3 might
be a good alternative. This circuit does
not force a load intervention, but simply
provides an audible alarm indication that
the battery is near depletion. Here the
LED provides an indication that the alarm
is active and that no cells are exhausted.
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An LTC6801 idle mode is invoked
whenever the source clock is absent,
and power consumption then drops to
a miniscule 30pA, far less than the typi-
cal self-discharge of the pack. In both
figures, the circuits show a switch that
disables the oscillator (and other periph-
eral circuitry) in order to place the circuit
into idle mode when not being used so
that battery drain is minimized.

Conclusion

The LTC6801 simultaneously monitors
up to 12 individual cells in a multicell
battery pack, making it possible to max-
imize the pack’s capacity and longev-
ity. It can also be cascaded to support
larger battery stacks. The device has a
high level of integration, configurability
and well thought out features, including
an idle mode to minimize drain on the
pack during periods of inactivity. This
makes the LTC6801 a compact solution
for improving the performance and reli-
ability of battery powered products.
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Swifter, Higher, Stronger —

The Olympic generation of automotive

video interfaces

According to IMS Research the number of video capable automotive head units will grow from 8.5 Mu
in 2006 to 26.6 Mu in 2015. In order to present the information to the driver with less distraction from
car traffic, the displays will need to be installed in places which are remote from the actual head unit, e.g.

in the top area of the middle console, the instrument cluster or as head up displays, projecting to the

back of the windscreen.

By Dr. Thomas Wirschem, Product Marketing Manager, High-Speed Data Division Europe, National

The video interfaces, tying graph-
ics sources and panels together,
are more and more converting
from analog video technology to the
higher quality RGB (Red Green Blue)
digital video format which is the stan-
dard interface used within LCD displays.
While for the front display applications
cable lengths typically stay in the range
of 1-3 meters, the Rear Seat Entertain-
ment (RSE) units on the other hand can
require cable reach of 8 meters and
beyond. Such connections supporting
data rates in the Gigabit/sec region,

far beyond the baud rates of conven-
tional automotive board networks, can
nicely be addressed with point-to-point
Serializer/Deserializer (SerDes) solu-
tions. Such chipsets greatly reduce the
number of transfer wires and connec-
tor pins in comparison to transporting

a wide, parallel video bus thus offering
tremendous system-level advantages.
The DS90UR905/6 and DS90UR907/8
SerDes chipsets have been developed
by National Semiconductor to address
the especially harsh requirements for
automotive display interfaces in terms of
high data throughput, ultrathin cabling,
advanced signal conditioning, testability
and ultra-low EMI (Electro Magnetic In-
terference). They represent the industry’
s first embedded clock SerDes solu-
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tions to span resolutions from Quarter
Wide VGA (400 x 240) and up to XGA
(1024 x 768) at 24-bit color depth. This
wide range of pixel clock frequencies
allows the car manufacturers to employ
just one digital video display interface
solution throughout their portfolio of car
models from small instrument cluster

panels over dual view, center stack
LCDs to larger format RSE displays.

Video applications and SerDes
concept

The targeted application for the
SerDes components is a Flat Panel Dis-
play Link interface connecting a graphic

Instrument Cluster/
Head-Up Display

Central
Information

Display

Head Unit /
Central Processing

Rear Seat
Entertainment

Fond (Rear) Unit /
DWVD/Blu-ray Drive

Figure 1: Examples of remoted automotive display applications
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host to a display over a long serial cable.
Typical examples range from Central
Information Displays (CID) to instrument
cluster panels to entertainment LCDs in
the headrest or flip-down modules from
the roof for rear seat passengers as
shown in Figure 1.

These new chipsets are part of the
“FPD-Link II” product family of National
Semiconductor and translate 27 bits of
digital RGB color and timing control sig-
nals from a video source into one single,
serial data stream with embedded clock
information over a twisted pair of wires.
This video transfer concept is depicted
in Figure 2 on a system level.

The chipsets can support either
18-bpp (bits per pixel) or 24-bpp color
depth applications. The pixel clock
range has been designed to be ex-
tremely wide from 5MHz up to 65MHz
frequency. This translates in serial line
rates from 140Mbps (bits per second)
to 1.82Gbps, covering all mainstream
resolutions of automotive displays. The
SerDes chipsets require NO external
reference clock (quartz or oscillator) to
“pre-synchronize” the receiver’s PLL
within a certain frequency band around
the transmitter’s parallel clock. The
DS90UR907/8 chipset has the same
features as the DS90UR905/6 chipset
with the difference that the inputs and
outputs are no longer parallel busses
with LVCMOS signaling, but still com-
ply with the open-industry “FPD-Link”
standard. Many state-of-the-art graphic
controllers, display timing controllers,
ASICs and FPGAs support this “first
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level of serialization” which employs
either 3 data lanes for 18bpp or 4 data
lanes for 24bpp, each with a parallel
clock channel. The electrical signaling
is according to the open ANSI/TIA/EIA-
644A standard, also known as “LVDS”
(Low Voltage Differential Signaling). The
advantages of using this interface option
instead of the conventional LVCMOS
are lower EMI levels through differential
signaling and reduction of component
pin count, as illustrated in Figure 3.

Power over FPD-Link

Both display and camera applications
can greatly benefit from having the pow-
er transferred from their respective link
partners over the video data cable. In
the case of a navigation panel the power
could be sourced from the head unit

ort — Automotive Electronics

and in the case of a camera imager the
power could come from its respective
electronic control unit. The main advan-
tage of such concepts is the significant
reduction of the overall cable harness
and board connectors. This can lower
cabling cost and weight, while enabling
the smaller footprint designs that can be
essential for tiny imager modules used,
for instance, in outside mirror locations.

Figure 4 shows a block diagram on
how power can even be inserted and
extracted on the very same pair of
wires, that National Semiconductor
FPD-Link Il and FPD-Link Ill chipsets
are using for video, audio and data
transfer. Hence this approach is called
“Power over FPD-Link”. This topology
is needed for a solid powered data line.
A Bias-T filtering is recommended for
a close to noiseless power insertion,
which isolates the high-speed data
from the power line. A ground isolation
topology (with isolated flyback) avoids
the return current through the boost
converter path. The overall performance
depends of course strongly on the
system ground and shielding concepts.
In practical setups power ratings of
over 25 Watts could be achieved at the
remote link partner, when working with
insert voltages of 12-14 Volts (from car
battery). This easily accommodates the
power consumption of driver assistance
camera modules (1-3 Watts) and most
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Figure 3. Advantages of "FPD-Link" system interface option
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standard infotainment displays (15-20
Watts).

Chipset enhancements

The deserializer is enhanced with
an integrated, configurable Spread-
Spectrum Clock (SSC) generator. At the
receiver output bus this leads to a slight
variation of the output clock frequency
and data spectrum over time at very
low modulation rate of a couple ten
kiloHertz. As described in Figure 5, the
frequency variation can happen around
the nominal pixel clock center frequency
(“center spread modulation”) or towards
lower frequencies (“down spread modu-
lation”). The spreading of the spectrum
can be as high as plus or minus 2%.
Instead of switching all outputs at the
same point in time and at a constant fre-

quency while exhibiting a narrow band
of radiation noise, the Spread-Spectrum
Clocking is distributing the peak energy
over a wider spectral range, thus reduc-
ing the EMI noise level significantly.
With all output data synchronized to the
output clock, both data and clock are
effectively spread. Particularly with the
Low Voltage (LV) CMOS interface option
at the DS90UR906 receiver output, this
feature can drastically reduce electro-
magnetic radiation. Further enhance-
ments include the integrated termination
resistors, which reduce the complexity
of the board design and lead to lower
cost and less board space. The chip-
set supports a very wide temperature
range of -40°C to +105°C. This opens
application areas in a variety of automo-
tive electronics systems where displays
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need to be exposed to very high or very
low temperature environments. The
chipsets are offered in small footprint,
Leadless Leadframe Package (LLP) op-
tions at a mere 1Tmm thickness, which
are of course lead free and RoHS com-
pliant. This industry standard packaging
type exhibits outstanding electrical and
thermal characteristics and is well suited
for standard manufacturing handling
and inspection. Not at last the chipsets
are fully automotive qualified according
to AEC-Q100 Grade 2 standard.

Summary

The new DS90UR905/6 and
DS90UR907/8 FPD-Link Il chipsets
deliver many strong system benefits
and enhancements. The parallel video
bus is serialized into a single pair with
an embedded clock. This lowers system
cost, eliminates clock/data skew issues,
reduces noise, and extends the link to
long cable distances. The chipsets sup-
port all common automotive LCD reso-
lutions from QWVGA to XGA at 24-bit
color depth. Special attention has been
paid to EMI mitigation features in order
to facilitate system design, qualification
and approval. Consequently this mini-
mizes expensive shielding requirements,
while not sacrificing robustness. The
FPD-Link Il chipset family represents an
automotive optimized, true plug ‘n’ play
solution due to its no compromise com-
bination of low wire count, high band-
width, low power, low EMI, ruggedness
and autonomous link synchronization.
Not at last it has been demonstrated
that power transfer concepts can use
the same pair of wires without disturbing
the video link, enabling lighter, cheaper
cable assemblies and less, smaller form
factor board connectors to be used.

References
DS90UR905/6 Product folder:
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DS90UR905Q.html
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LVDS Owner’s Manual:
http://www.national.com/analog/inter-
face/lvds_owners_manual
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Automotive Air-Con
Made Easy

Automatic HVAC air recirculation with

stepper motors

In most automotive HVAC systems, a continuous inflow of fresh air is conditioned and brought

into the cabin. Typically the driver can select whether the fresh air supply needs to be interrupted

(recirculation) or not (fresh air open). In recirculation mode, high-end HVAC systems monitor several

cabin air parameters, recirculate the air through the air conditioning unit back into the cabin and limit
the fresh air inlet to the minimum, while fulfilling the air parameters set by the driver and/or the system’

s specifications. Such automatic recirculation can reduce the fuel consumption of an HVAC system

by 35%.

By Bart De Cock and Steven De Preter, ON Semiconductor, Belgium

epending on the climatic condi-
Dtions and driving cycles, an

HVAC system can consume
up to three litres of fuel per 100km.
This indicates that large cars that are
equipped with a low-end HVAC system
will benefit the most from the addition
of an automatic recirculation function.
However, small- and medium-sized
cars that have advanced engines with
low emissions will also benefit from a
smart air-recirculation flap because the
contribution of the HVAC fuel con-
sumption is relatively high.

Forecasts indicate that the percent-
age of cars equipped with a semi- or
fully-automatic HVAC system will in-
crease year-on-year. At the same time,
the introduction of CO, refrigerants
leads to the potential requirement for
additional sensors to be mounted in
the cabin. These trends mean that the
CO, and other fresh-air sensor tech-
nologies already available will increas-
ingly be re-used in small cars and/or
in cars with low-specification HVAC
systems.
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While the sensor aspect of the auto-
matic recirculation function may have
been solved, there is still some work
needed to tackle the issues around flap
motorization

Automatic Air Recirculation Control
System

The HVAC Electronic Control Unit
(ECU) closes the control loop of the
fresh air regulation and operates the
recirculation flap actuator (Figure 1)
in order to maintain the required CO2
levels in the cabin. The frequency
of operation of the circulation flap is
a function of the maximum allowed
number of occupants, the minimum
volume of air in the car interior and the
maximum allowed deviation from the
desired CO, level. It is easily calcu-
lated that five people in a 3m3 interior
will increase the CO2 concentration by
100ppm within 30s.

The air recirculation control loop re-
quires mainly low-speed interventions to
compensate for pressure and airspeed
changes in the “Fresh Air Inlet” (Figure

1). This happens frequently when the
driving speed varies, for example in - or
in the vicinity of - cities. The airflow also
changes with automatic blower speed
adjustments to cancel fluctuations in
sun radiation (e.g. due to a winding road
or intermittent shade caused by build-
ings, trees or clouds).

The air recirculation flap actuator is a
small motorized valve that is operated
by means of a driver inside the ECU.
For stable control algorithms, the flap
position should be known at all times,
so some sort of position feedback is
a must. Because the control system
is frequently re-adjusting the actuator
position, contact-less operation of the
motor and senseless position feedback
is desired.

Recirculation Flap Technologies
Several solutions exist to move
HVAC air flaps, including the recircu-
lation air flap. They differ in type of
motor used in the flap actuator and
the specifics and features of the motor
control. We will now discuss three
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Figure 1: Automatic recirculation system

commonly used motor types.

Brushed DC (BDC) motors are made
in a mature and relatively inexpensive
technology. Only two wires lead from
the driver to the motor terminals. Itis
simple to control a BDC motor; e.g.
bidirectional drive can be achieved by
means of two transistor half-bridges. In
case position feedback is required — as
with the air recirculation flap - a position
sensor needs to be added. A variety of
sensors exist, the most common being
potentiometers. This sensor together
with the associated ECU wiring and the
impact of the size of the electrical con-
nector makes up a significant part of the
system cost. It is also important to note
that the brushes and commutator are
the parts of a BDC motor that are most
prone to wear. Because of the need for
frequent operation of the air recirculation
flap, brush degradation puts a stress
condition on the long-term mechanical
reliability of a recirculation flap equipped
with a BDC motor.

A unipolar stepper motor has two
windings per phase. These windings
are electrically connected with the ECU
and, as with the BDC motor solution
(with sensor position feedback), typi-
cally requires five wires. The choice of
using unipolar stepper motors in motor-
ized valves has mainly been dictated by
the availability of low-cost driver ICs or
driver circuits; e.g. a 4 low-side driver
circuit. One drawback of the unipolar
approach is that only half the number of
windings is energized at any time (basi-
cally the unipolar stepper motor carries
double the amount of copper than that
required to move the motor).

A bipolar stepper motor has one
winding per phase. Compared to a

unipolar motor, this gives a size and
weight advantage because the amount
of copper in the winding is roughly
half of that for a bipolar motor with
similar motor characteristics. The two
windings are electrically connected
with the ECU by means of only four
wires (compared to five wires for a
unipolar stepper motor or a BDC mo-
tor with sensor). A bipolar stepper
motor is typically driven by a dual full-
bridge transistor combination, one for
each winding. Compared to BDC and
unipolar stepper architectures, new bi-
polar stepper motor actuator technolo-
gies offer a balanced solution: more
system benefits (i.e. an optimized mix
of features and quality) without overall
system cost penalties. The main rea-
son for this is that bipolar stepper mo-
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tors inherently contain a “virtual” sen-
sor and the motor’s operation modes
(running at speed, stall condition, etc)
can be deducted from monitoring the
back-electro-mechanical force or the
bemf signal.

Virtual Sensor Benefits

An embedded stall detection algo-
rithm based on the bemf signal, allows
the system to detect very accurately
the end-stop of a flap. Typically this
end-stop is reached on purpose dur-
ing a movement — for example when
the flap is operated in a near-closed
position. The closed-loop aspect (or
merely pseudo closed-loop) consists
of running deliberately into stalled
condition once in a while. The stall
detection then allows accurate mark-
ing of the new positions starting from
the fully closed flap position. By doing
this, even the smallest flap-openings
can be maintained accurately and
reached repeatedly, yielding true pro-
portional control. It is clear that this
mode of working offers advantages
over traditional methods that utilize
open-loop absolute positioning based
on counting steps. Because to be
sure that the end-stop is reached in a

Actuator Unipolar | Bipolar
Characteristic Bk DG Stepper | Stepper Gonimisnt
Wear-Out no brushes
& Durability ) i i in stepper
Audible microstepping in
. - + ++ .
Noise bipolar stepper
commutation sparks
o ) * * in brushed motor
Holding ) o i h_old-current
Torque in stepper
Sensorlress + -+ - BDC requires pulse-
Operation count if sensorless
Cost of “ - i unipolar requires only
Control Circuit 4 low-side switches
CoRkar G 4 ) i unipolar stepper has
2x Cu vs. bipolar
Num_ber of 2105 5 4
Wires
Stall -+ ) + recently developed
Detection for bipolar stepper
High-speed recently developed
i +4+ o ++ .
flap closing for bipolar stepper

Table 1: Summary of actuator technologies

Power Systems Design Europe

July/August 2010

necial Rep

VBB
) Internal voltage
| Timebase I regulator 3.3V | +
|
oLk ““ EMC 4 > MOTXP
CSB ) o
- W
DI sSPI [ TSD i M
" - — MOTXN
DO Open / N l-sense )
4— Short s —
NXT s i —
ogic > -
DIR Registers ; EMe b _>_0 MOTYP
R | W
oTP W
l-sense f— —>—0 MOTYN
4| POR -
RHB
Band- NCV70501
ERRB gap Q__I
TST GND

Figure 2: Bipolar stepper motor driver IC (NCV70501) — Block diagram

referencing run, these methods require
driving the stepper motor multiple
steps beyond the estimated end-stop
position. This results in a blocked mo-
tor with associated acoustic noise and
mechanical as well as magnetic wear-
out. Now a device that detects the
end-stop within one full-step will avoid
the noise and vibration during the

stall condition. Stall detection within
a single full-step also allows the rotor
and stator-magnetic fields to remain
synchronized. This avoids any risk of
magnetic wear-out caused by de-
magnetization of the rotor due to AC
magnetic fields from the stator, and
will help to maintain a stable actuator
torque over life-time.

Speed-critical positioning is impor-
tant in situations in which a flap needs
to be closed as fast as possible: e.g.
closing of the recirculation flap when
an exterior sensor detects the presence
of polluted outside air. The back-emf
signal makes speed critical operation
possible for stepper motors by means
of dedicated adaptive-speed motor
drive algorithms. This allows stepper
motors to challenge one of the main
advantages of brush DC motor actua-
tors, notably the ability to rotate as
quickly as the supply voltage and load
allows. The stepper motor is operated
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at the fastest speed possible, adapting
speed automatically to the actuator and
flap characteristics (e.g. load). During
this adaptive-speed operation, sensor-
less stall detection is operational, guar-
anteeing error-free positioning. These
algorithms allow speeds up to 1000 full
steps per second.

Flap Actuator Technologies Sum-
mary

Table 1 summarizes the “fit for use”
of the flap actuator technologies dis-
cussed. Both brush DC and unipolar
stepper motors offer their advantages
but also show weak points. The new
bipolar stepper motor technology
seems to offer the best of both worlds
and is compatible with all reviewed
requirements.

It is up to the Tier-1 HVAC system
manufacturers to assign the correct
weighting to all these functions. Obser-
vation: the system level cost is compa-
rable for the three actuator types, how-
ever if only the purchasing cost of the
motor driver itself is taken into account,
then the car manufacturer might end-up
with a sub-optimized solution.

New Recirculation Flap Driver IC
Integrated circuits that drive bipolar
stepper motors including the technolo-
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gies described above are now available.
A typical block diagram of such an IC

is shown in Figure 2. This IC is placed
inside the ECU and two full H-bridges
drive the two phases of the bipolar step-
per motor. The ECU’s microcontroller
communicates with the IC via an SPI
interface and a set of dedicated signals.

A current translator table, embed-
ded in the driver applies the correct
current to the windings. The micro-
controller needs to set only once the
SPI registers that define the winding
current peak value, micro-step mode
and default direction of movement.
After this, the micro can step through
the translator table by applying only
“next” signals to the IC (see NXT pin in
Figure 2). The motor driver then takes
full responsibility and generates the
requested current waveforms for full-
step, half-step or sinusoidal micro-
step motions. The speed of applying
the “next” pulses defines the speed of
the motor movement.

A simple but highly effective stall
detection algorithm is implemented and
can be activated by means of the SPI
bus. The chip also supports an adap-
tive speed control function for closing
the recirculation flap at maximum speed.
Also proper diagnostic functions are
implemented to detect all relevant error
conditions and to prevent system and IC
damage. The IC has an interrupt output
pin to warn the microcontroller when an
error occurs (see ERRB in Figure 2).

Conclusion

Automatic air recirculation valves
can contribute to fuel economy of cars.
Existing flap actuator technologies have
been discussed in view of operating re-
quirements of such a recirculation valve.
Both brushed DC motor actuators and
unipolar stepper motor actuators show
incompatibilities with some of the tech-
nical requirements. A bipolar stepper
motor valve in combination with a novel
driver offers the best possible technical
solution to meet the high-quality opera-
tion requirements of the air recirculation
valves of the future.
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Shining Bright

New approach for driving high-power LED
lighting applications

In many high-power lighting applications such as street lights, high-bay stadium lighting and others,

the trend is moving towards solid state lighting that uses LEDs as the lighting source. The reason for

this adoption is the clear value proposition of higher energy efficiency and less frequent maintenance,

both factors justifying the transformation.

By James Aliberti, Product Marketing Engineer, Power Supply Controls, Texas Instruments

tions such as street lights, high-bay

stadium lighting and others, the trend
is moving towards solid state lighting that
uses LEDs as the lighting source. The
reason for this adoption is the clear value
proposition of higher energy efficiency
and less frequent maintenance, both fac-
tors justifying the transformation.

I n many high-power lighting applica-

In these types of high-power lighting
applications, a number of different ap-
proaches are being considered to drive
theses lamps. In this article, we will look
at a new topology boasting higher effi-
ciency and lower system cost for driving
multiple LED strings.

To adequately measure the merits of
this topology, we must first look at the
various methods being considered, or
that have worked well for lower power
LED applications.

One simple method is to use a power
supply that converts mains voltage to
a DC output voltage such as 12 or 24
volts. Then run parallel LED strings from
it and using resistors in each string
to regulate current. This is a low-cost
approach. However, with today’s high-
brightness LEDs that can draw currents
in excess of 350mA, this approach is
very dissipative. It has low efficiency
and produces poor current regulation
that can cause noticeably different light
output from string to string.

To improve on this approach linear
regulators replace the resistors, improv-
ing the uniformity of the light output of
all the strings. But this is the only benefit
as there is no noticeable improvement in
efficiency or power dissipation. Reduc-
ing power dissipation is important to
maximize LED life. In these two ap-
proaches, using either resistors or linear
regulators act as localized heat sources,
significantly reducing LED life.

Another method that is also fairly
simple is to make a long single series
string, using a single power supply that
produces a high-voltage DC constant
current source. The high-voltage op-
eration in this approach puts it above
safety extra-low-voltage (SELV) levels of

60VDC or 42V RMS. It ties the lighting
fixture or enclosure to the safety agency
approval process and significantly
reduces flexibility to apply the same
electrical design to other applications.

Another consideration with the single
string approach is reliability. If just one
LED opens, you loose the light output
of the entire fixture. There are measures
such as adding many crowbars or de-
vices to clamp each open, but this adds
cost and complexity to the light fixture.

The most common method in high-
power LED lighting applications is to
use multiple string architecture with
switching regulators for current regula-
tion. Here a single main power supply
converts the AC mains to a single DC
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Figure 1: Simple buck regulator
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Figure 2: Typical high-power LED lighting system using buck regulators

bus voltage, usually within the SELV
levels. This bus then supplies the paral-
lel LED strings where each string has
either a buck (most common) or boost
converter. For simplicity sake, we will
confine our analysis to the buck, as the
boost from a cost and component count
is very similar.

For example, Figure 1 shows the low-
cost simple buck regulator circuit. It
consists of a PWM controller, inductor,
MOSFET, diode and a handful of resis-
tors and capacitors. If higher efficiency
is required, you can replace the diode
with a MOSFET and use a PWM con-
troller that enables synchronous buck
operation.

Figure 2 shows the various subsystem
blocks for a high-power, multiple string
lighting application with buck regulators
for current regulation.

The AC mains input is rectified and
fed to a power factor correction (PFC)
boost circuit where the PFC produces a
high voltage of 400V, which provides the
input to a down stream isolated DC/DC
converter. The DC/DC converter output is
then used to produce a low-voltage bus,
typically 12V or 24V range, providing
power to the buck regulated LED strings.

This approach has fairly high efficiency
and is a good choice for minimal LED
strings. However, for the higher power
applications with four or more strings,
the component count and cost can really
add up. For electronic component manu-
facturers and the supply chain, this may
be an appealing sell. However, for light-
ing manufacturers and their customers,

www.powersystemsdesign.com

the high cost can be detrimental to wide
adoption. What is needed for solid state
lighting’s long term viability are low-cost
drive circuits that can enable the market
to take root and grow unimpeded.

Figure 3 shows a series input, multiple
parallel LED (SIMPLE) drive. It is a cost-
effective approach for driving multiple
LED strings. Excluding the PFC, it is
a two-stage approach, comprising an
inverted constant current buck regulator
and a downstream DC/DC transformer
circuit. It is highly efficient, has supe-
rior string current regulation and most
importantly, a lower cost approach. It
also can have inherent redundancy with
a single passive acting silicon-controlled
rectifier (SCR) crowbar added for each
string. If an LED or string opens, it will
not take down the remaining strings.

Before we go into the operation, let’s
look at some of the things that immediate-
ly stand out when using the SIMPLE drive
multi-transformer approach. First, notice

that this is an electrically isolated design
where secondary side output voltages can
be designed to stay within SELV levels.
When the output voltage stays within
SELV levels, it eliminates the requirement
to have the lighting fixture combined with
the power supply, and interconnects to
have safety agency approvals. Having the
output within these levels adds inherent
flexibility, allowing many varieties of fix-
tures addressing many other lighting ap-
plications. The power supply still requires
safety approvals, just like all the off-line
solutions discussed in this paper, but not
the light fixture.

dditionally, the isolated design can
be significantly better from a thermal
management perspective as there are
no restrictions for LED proximity or
contact to metal enclosures. Another
feature that stands out is that it does not
require feedback from the output side.
This eliminates an opto or some other
safety rated isolated feedback device.
Finally, look at the simplicity of the sec-
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Figure 3: SIMPLE drive multi-transformer
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ondary side. It has only a few passive
components, and no bias supply, active
components or control of any kind.

When it comes to operation, the
SIMPLE drive has superior string current
matching of better than one percent. It
has resonant operation for high efficien-
cy and becomes more cost effective as
the number of strings increases.

General Description

The output of the PFC circuit is the
input of the inverted buck circuit. The
inverted buck is configured to produce
a constant current output. It is this cur-
rent where the systems closed loop is
around. The current output it produces
is fed downstream to the DC/DC trans-
former circuit, which consists of a half-
bridge controller, two MOSFETSs, capaci-
tors C1 and C2, and the transformers.
This current is then circulated through
the half-bridge MOSFET switches to the
primary sides of the series transformers.
Capacitors C1 and C2 serve a number
of functions. They are used to set up a
voltage divider for the half-bridge, are
elements of the resonant circuit, and are
DC-blocking capacitors, which help to
prevent transformer saturation.

The resonant operation allows the
MOSFET switches to switch with zero
voltage switching (ZVS). This reduces
switching losses and forces the output
diodes to zero current switch (ZCS),
both adding to maximize efficiency.

The DC current, now transformed to
AC current, resonates back and forth
through the primary side of all the series
transformers. The number of transform-
er primaries that can be put in series is
quite flexible as the winding ratios can
be selected to support many transform-
ers or LED strings. What needs to be
considered for calculating turns ratios
is the number of strings, as this dictates
the number of transformers and the
forward voltage of each string.

Design Considerations

To achieve the highest possible ef-
ficiency in power conversion, the goal
is to process the least amount of power
as possible. To do this, we need to work

as close to the input voltage as pos-
sible. Since most high-power lighting
applications favor the use of active PFC,
for simplification purposes we will just
consider it as a functional block and as-
sign some typical values to its output

Since most active PFC circuits operate
as a voltage boost, a PFC output voltage
must be set higher than the peak of the
highest AC line voltage. With a universal
input range of 85 — 265VAC, this comes to
about 375V. Adding some headroom for
margin and tolerances, 400V has become
a typical set point. To make sure that
downstream buck has plenty of headroom
from the output variations of the PFC, add
a little more margin for ripple of about 40V.
This makes our minimum input operating
point for the inverted buck at about 360V.

To assure that the buck output has
some compliance voltage for it to work
properly, give it some headroom as well
and limit its output range to 280V.

Now that we know our boundaries, let’s
look at a design example on how to calcu-
late the value of the constant current from
the buck and the transformers’ turns ratio.

In this example we use two transformers
to drive four LED strings with 1A current.
Each string has ten high-power LEDs.

Assumptions: LED forward voltage Vf
= 3.5V with a string voltage = 35V

Since we set the output operating
point of the DC buck at 280V, it now
acts as the input to the DC/DC trans-
former circuit. This means that the volt-
age applied to the series primaries will
be half that voltage from the capacitor
voltage divider made up of C1 and C2,
giving us 140V across the series primary
arrangement.

Calculating the turns ratio now be-
comes fairly easy as Equation 1 indicates:

Primary Voltage (VP) of each Trans-
former = Bridge Voltage / Num Trans-
formers = 140V/2 = 70V

Ne_ Vs 35V _1
Ns Vpr
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A turns ratio of 2:1 (Equation 1)
Where:

Np = Number of turns on the primary
Ng = Number of turns on the second-

ary
Vg = Secondary side or LED string
voltage

Ve = Voltage across each primary
winding

To calculate the inverted bucks’
current output set point, where each
transformer drives two LED strings, it
first must be recognized that only one
string in each transformer is conducting
in alternate half cycles. This means that
the current that must be delivered to the
conducting string to sustain LED con-
duction during the dormant period must
be twice the LED current. In this case
where 1A is the desired LED current, the
current delivered to the LED and filter
capacitor each half cycle is 2A.

To calculate the buck regulator, set
current point (ISet) is in Equation 2:

Iset = ILeps @ Ns =(1 A)l =0.5A
N 2

P
(Equation 2)

Conclusion

As can be seen, it is a very simple
exercise to determine the transformer
requirements, and makes the SIMPLE
drive a very flexible solution to address
a number of different lighting applica-
tions. If you intend to make SIMPLE
drive as part of a modular approach
strategy to your many LED lighting
applications; you need to consider the
upstream power stages such as power
handling components in the half-bridge,
inverted buck, and PFC as they must be
sized to handle the highest power level
you expect the drive to address.

For more information about the
SIMPLE drive multi-transformer, includ-
ing reference designs, see the product
folder for UCC28810: www.ti.com/
ucc28810-ca, or evaluation module:
www.ti.com/ucc28810evm003-ca.

www.ti.com
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FAN7621 - Integrated PFM Controller

The FAN7621 is an integrated PFM controller
for half-bridge resonant applications up to
600W such as video game consoles, telecom
power supplies, desktop PCs, PDP and LCD

TVs. This all-in-one solution simplifies design

and improves efficiency, eliminates external
components, reduces switching losses in
MOSFETs and rectifiers, and boosts noise

Fairchild Semiconductor

immunity to guarantee stable operation.
Compared to conventional hard-switching
converter topologies, the FAN7621 improves
efficiency for applications such as PDP-TVs by
97%. Visit the Fairchild Semiconductor website
to learn more about the FAN7621,

www.fairchildsemi.com/pf/FA/FAN7621.html
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IR’s new web-based tool enables the rapid
selection and simulation of selected SuplRBuck
products. Based on a designer’s given input and
output parameters, the SuplRBuck online tool

HybridPACK™ 2 - Compact Power for Your
Electric Drive Train.

Based on the long time experience in the
development of IGBT power modules and intense
research efforts of new material combinations and
assembly technologies, Infineon has developed
— dedicated for automotive applications — this
HybridPACK™ 2 power module belonging to the
HybridPACK™ family. With its pin fin base plate for

selects suitable devices for a given application

www.irf.com

direct water cooling Infineon HybridPACK™ 2 is
designed to fulfill the requirements of your electric
drive train application with power ratings of up to
80kW.

www.infineon.com/cms/en/product/channel.
html?channel=db3a3043136fc1dd011370e812
b7043a

This year, LEM will be highlighting a range of
products, including the CAS, CASR and CKSR
family of current transducers. They are suitable
for industrial applications such as variable
speed drives, UPS, SMPS, air conditioning,
home appliances, solar inverters and also
precision systems such as servo drives for wafer
production and high-accuracy robots.

LEM is a leading manufacturer of current and
voltage transducers used in a broad range of

industrial applications, including variable speed
drives for motors and power supplies, AC/DC
converters, UPS systems for computers as
well as in new innovative energy applications,
such as micro-turbines, wind and solar power
generation.

For further information please go to

www.lem.com

ITW Paktron

Non-Polarized Polymer Film Capacitors
(CS Series) Designed for Mission Critical
Applications

ITW Paktron’s Multilayer Polymer (MLP) 