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Up to 95% Efficient, 32Vyy, 4MHz and Easy to Use

Our high voltage monolithic synchronous buck converters offer input voltages as high as 32V and can deliver output currents
ranging from 2A to 12A full scale with minimal thermal derating. Operating efficiencies up to 95% are possible while operating at
switching frequencies of 1MHz or more. Our converters greatly simplify point-of-load conversion in systems with intermediate
bus architectures while simultaneously keeping the external inductor and ceramic capacitors small and low profile.

WV High Vyy Monolithic Synchronous Buck Converters V Info & Free Samples

Part Output |  Switching | Synchro- . Package www.linear.com/36XX
Vin Range . Architecture

Number Current Frequency nizabhle (mm)
LTC3601* | 4Vto 15V | 25A |800kHzto4MHz| Yes |Controlled On-Time | 3X3 QFN-16,

’ MSOP-16E

4x4 QFN-16, Free Telecom,
LTC3603 |4.5Vto 15V | 2.5A | 300kHz to 3MHz Yes |Constant Frequency MSOP-16E Dt seam Aad
LTC3605 | 4Vto15V | 5A | 800kHztodMHz | Yes |Controlled On-Time | 4x4 QFN-24 | o
LTC3609 | 4V to 32V 6A 300kHz to 1MHz No Controlled On-Time | 7x8 QFN-52 —
LTC3608 | 4Vto18V | 8A |300kHzto1MHz| No | Controlled On-Time | 7x8 QFN-52 ww.linear.com/48vsolutions
LTC3611 | 4Vto32V | 10A | 300kHzto 1MHz No Controlled On-Time | 9x9 QFN-64
LTC3610 | 4Vto24V | 12A | 300kHzto1MHz | No | Controlled On-Time | 9x9 QFN-64 ?;fhﬁﬁigfcifﬁof%i’i2”5527??‘25’5557’&’32?25‘}3’2“;@gc
their respective owners.

*Future product. Contact LTC marketing for information.
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ENERGY EFFICIENCY

Make it Happen

Welcome to this special double-
feature issue of PSD North America.
In this issue we bring two specialized
sections of topical importance to
power engineers. These features cover
the ever pervasive Digital Power arena
where the options now opened up to
engineers have never been greater,
and in addition, Lighting Systems
where efforts to make more efficient
and cost effective illumination for a
greener world are relentless. All this
is put together with the ‘real world’
in mind. Companies need to make
a profit to enable future growth and
investment, and in these difficult times
this is a real economic challenge. The
‘green shoots’ appear in the mass-
media long before they hit reality.

Many companies in our industry
still continue to find it difficult to
make headway and fear for the
future - with the net result that many
of our colleagues are suffering the
inevitable downsizing. Not a desirable
or dignified approach to the current
economic difficulties, or indeed a
confidence builder for the current
captains of industry.

In 2008 China surpassed
the United States to become the
world’s second largest auto-making
nation and is set to displace Japan
in 2009 as the planet’s largest car
producer, according to iSuppli Corp.
China manufactured 9.3 million cars
in 2008, while the United States built
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8.7 million. In 2009, China will build 8.7
million autos, compared to 7.6 million
for Japan.

But despite the current downturn,
opportunities for continued growth in
the medical imaging equipment market
have been highlighted in the first
edition of InMedica’s report, “Medical
Imaging Production Yearbook”.
Forecast to exceed $22 billion by 2012,
the combined market for ultrasound,
X-ray, MRl and CT imaging equipment
is expected to continue to expand in
an environment where restrictions in
healthcare spending and reductions
in reimbursement are ever-increasing.
Technologies predicted to have the
greatest impact in the medical imaging
equipment market over the next few
years are those which allow changes
to clinical pathways that will eliminate
unnecessary diagnostic procedures,
dramatically reduce the cost of
healthcare and increase diagnostic
accuracy for patients.

I am convinced though, that in
spite of the negativity in today’s
industry, media and workplace, we
will get through it. Time will tell, but I
believe that the ever-innovating power
industry with its huge resource of
engineering talent is still extremely
well placed for a sustained recovery -
when we all help forward-looking firms
make it happen.

Enjoy this double-feature issue,
keep the great technology reports and
feedback coming and check out our
fun-strip, Dilbert, at the back of the
magazine.

All the best!

OG- L)

Editor-in-Chief, PSDE
Cliff. Keys@powersystemsdesign.com
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10A buck regulator

with over 90% efficiency
ina 5mm x 5mm QFN

The SC417 is a high performance 10A synchronous buck converter
that offers a wide input voltage range. It integrates the power MOSFETs
and bootstrap switch with an adjustable LDO into 25mm?.
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To download the SC417 datasheet, go to www.semtech.com/psd0109p

VOUT = 0.50V to 5.25V,
IOUT up to 10A

5mm

5mm

Actual package size

Key Features:

|yWide input voltage range : 3V to 28V

WY/UmQ low/high side MOSFETs enabling efficiencies >90%
between 1A and 10A

WCompact 5mm x 5mm QFN package

EVProgram the 150mA LDO to 5V for single input rail operation,
or to a different voltage as required

E’Selectable ultrasonic power save delivers excellent light load
efficiency without creating audible noise

|yEasy to use, comprehensive design tools available

raq
4
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ABB Wins Multi $M Orders

ABB has won an order worth $400 million
from Kuwait’s Ministry of Electricity and
Water for three new substations to improve
the country's electrical transmission grid.

ABB will design, supply, install, test and
commission the substations, which will
increase transmission voltage from 300
kilovolt (kV) to 400kV. The higher voltage
will help strengthen the grid's reliability and
increase its capacity to meet rising demand
for electricity.

ABB gas-insulated switchgear.

Key components include gas-insulated
switchgear, 12 large power transformers
(400kV, 765MVA), low-voltage auxiliary
systems and network protection and control
equipment. The project is scheduled for
completion in 2011.

“Our technologies and global presence
enable the expansion and strengthening of
power infrastructure around the world,” said
Peter Leupp, head of ABB’s Power Systems
division. “These substations will reinforce
the transmission network and boost capacity
in Kuwait, to help meet the region’s growing
demand, increase energy efficiency and
improve the quality of power.”

Increasing the transmission voltage

will enable Kuwait’s grid to be connected
to neighboring GCC (Gulf Cooperation
Council) countries, already operating at
400kV. The first substation at this voltage in
Kuwait was also built by ABB as part of the
GCC initiative to interlink Gulf states.
Substations facilitate efficient transmission
and distribution of electricity, and include
equipment for the protection and control of
electrical power. ABB has delivered around
10,000 substations worldwide, at voltages of
up to 800kV.

$20 Million US Power Order from Oncor

ABB has won an order worth $20
million from Oncor to supply a Static VAr
Compensator (SVC) unit to support the
transmission grid in north Texas. The order
was booked in the first quarter and the
turnkey project is scheduled for completion
by the end of 2010.

The SVC unit will be installed at the
Renner substation in the northern part of the
state. ABB has won three similar orders from
Oncor in the past, most recently in 2008 for
a project in the vicinity of Renner. The first
two SVC units, delivered to the Parkdale
substation in the Dallas-Fort Worth area, are

Parkdale substation in the Dallas-Fort
Worth area.

scheduled to begin operations in mid-2009.
The Parkdale installation is the world’s
largest cluster of SVC technology.

SVC devices provide fast-acting reactive
power compensation in high-voltage
electricity networks, which enhances stability
by countering fluctuations in the voltage and
current of an electric grid, and by allowing
more power to flow through the network.
The technology is part of ABB’s family of
Flexible AC Transmission Systems (FACTS)
solutions that increase the capacity of
existing transmission networks and improve
their reliability.

“This is an innovative ‘no wires’ solution
designed to improve energy efficiency,
help maintain an uninterrupted flow of
electricity and enhance grid reliability,”
said Per Haugland, head of the Grid
Systems business within ABB’s Power
Systems division. “It will also facilitate
future integration of wind power and other
renewables, as grids get smarter.”

“The robust design and flexibility of Static
VAr Compensators will allow Oncor to
continue to reliably operate the transmission
grid in North Texas with less dependence
on local generation,” said Oncor senior vice
president Jim Greer. “ABB worked hard to
develop an electrical power solution that will
keep pace with the North Texas area’s ever
increasing power demands, while enabling
the improvement of the local environment.”

Oncor serves more than seven million
customers in Texas and operates the largest
distribution and transmission system in
the state, with some 164,000 kilometers
of distribution and 22,500 kilometers of
transmission lines.

Philips Lumileds Joins California Lighting Technology
Center Affiliate Program

Philips Lumileds announced that it has
joined the California Lighting Technology
Center as an affiliate member. As a
member of the CLTC, Philips Lumileds is
working with luminaire manufacturers to
develop market ready LUXEON LED based
applications that meet the energy efficiency
and lighting quality levels required to meet
EnergyStar® and similar regional and
national guidelines.

“Our affiliation with the CLTC supports
the development of specification and
architectural grade solutions using our
LUXEON Rebel and LUXEON K2 power
LEDs,” said Jay Shuler, Regional Marketing
Manager for The Americas at Philips

Lumileds.

“By working

with the CLTC,

our customers will

gain access to new opportunities with state
agencies, utilities and businesses eager to

Power Systems Design North America

adopt solid state lighting solutions.”

CLTC, established through a joint effort
of the California Energy Commission
(CEC) and University of California at Davis,
conducts both cooperative and independent
activities with lighting manufacturers,
electrical utilities and the design and
engineering professional communities.
These valuable partnerships facilitate the
commercialization of products developed at
CLTC in accordance with CLTC’s mission
to bring viable research-based projects to
the commercial marketplace in two years or
less.
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> 2SP0320

2SP0320 is the ultimate driver platform for PimePACK™ IGBT
modules. As a member of the CONCEPT Plug-and-play driver
family, it satisfies the requirements for optimized electrical
performance and noise immunity. Shortest design cycles are
achieved without compromising overall system efficiency in
any way. Specifically adapted drivers are available for all
module types. A direct paralleling option allows integrated
inverter design covering all power ratings. Finally, the highly
integrated SCALE-2 chipset reduces the component count
by 80% compared to conventional solutions, thus signifi-
cantly increasing reliability and reducing cost. The drivers are
available with electrical and fiberoptic interfaces.

PrimePACK™ is a trademark of Infineon Technologies AG, Munich

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

INTELLIGENT POWER ELECTRONICS

SAMPLES AVAILABLE!

> Features

+15V/-10V gate voltage
3W output power

20A gate current

80ns delay time

Direct and half-bridge mode
Parallel operation
Integrated DC/DC converter
Electrical isolation for 1700V IGBTs
Power supply monitoring
Short-circuit protection

Fast failure feedback
Superior EMC

www.IGBT-Driver.com


http://www.IGBT-Driver.com

INDUSTRY NEWS

Solyndra Completes Commercial Rooftop Solar System
in Livermore, California

Solyndra Inc., a manufacturer of propri-
etary photovoltaic (PV) systems designed to
optimize solar electricity production on com-
mercial rooftops, announced the completion
and full operation of a 132 kWp system by
SPG Solar, Inc., on the rooftop of Cinema
West’s Livermore Cinemas in Livermore,
CA. This project is one of many major
commercial installations that have been
completed or are underway with Solyndra
PV systems in the US and Europe.

Solyndra’s PV system design allows
maximum coverage and easy installation on
commercial low-slope rooftops. There is no
need for roof-penetrating mounts or ballast
to hold panels in place and, as a result, the
installation took less than 4 days. Accord-
ing to Dave Corkill, Owner of Livermore
Cinemas, “No other system could offset
as much power — the installation was over
before we knew it.”

The Livermore project involved cover-

132 kWp system by SPG Solar, Inc., on
the rooftop of Cinema West’s Livermore
Cinemas in Livermore, CA.

ing a complex roof shape with many areas
not aligned in the north/south direction.
Whereas conventional PV panels would
have needed to be tilted facing southward to
avoid significant energy loss, the orientation
of Solyndra panels has minimal impact on
overall energy yield. “The Solyndra system
allowed us to maximize the available roof

space, minimize labor and installation costs
and increase power production — which
allowed us to optimize our client’s invest-
ment in solar,” adds Ted Walsh, Director of
Commercial Development, SPG Solar, Inc.
“The efficiency of installation saved us
time and money, and we were able to pass
those savings onto Cinema West. Solyn-
dra’s PV system is emerging as a truly
innovative and excellent solution for rooftop
solar applications,” says Dan Thompson,
Founder, President & CEO, SPG Solar, Inc.
“We are very pleased to announce this
project by SPG Solar,” said Dr. Kelly Tru-
man, Solyndra’s Vice President of Market-
ing, Sales and Business Development.
“Solyndra’s products passed smoothly
through permitting and commissioning,
helping a great partner quickly meet their

business needs.”
www.solyndra.com

National Semiconductor Acquires Act Solar

National Semiconductor has acquired
Act Solar, Inc. a privately held solar energy
company that provides power optimization
solutions for commercial and utility-scale
solar installations.

With the acquisition of Act Solar, National
expands its portfolio of power optimization
technologies along with the acquisition of
new diagnostics and panel monitoring capa-
bilities for solar arrays.

“National Semiconductor is applying
its ‘PowerWise’ capabilities to drive new
energy generation and efficiency initiatives
in the solar panel marketplace,” said Mike
Polacek, senior vice president of National’s
Key Market Segments. “Now with Act Solar
we can further improve the performance

and efficiency of solar systems, at the same
time providing monitoring capabilities not
available before. This will make solar instal-
lations more efficient and ultimately reduces
the cost of solar energy for everyone.”
National’s SolarMagic™ technology en-
hances the efficiency and output of solar arrays
when the panels are affected by mismatch
issues including shade, debiris, different panel
types, and panel aging.
Recent internal testing showed that
National’s SolarMagic power optimizers recov-
ered 57% of power lost due to shade, thereby
enhancing the solar installation’s output and
efficiency. SolarMagic power optimizers
begin shipping this spring.
Act Solar now becomes part of the So-

National
Semiconducior

larMagic family. Its products improve array
performance by 6 to 11% using patent-
pending technology, complementing central
inverters by dynamically re-circulating small
amounts of energy as needed. The balance
of the array is maintained, assuring maxi-
mum power output. The technology utilizes
a revolutionary technique for power track-
ing, which works by injecting energy into
the string as opposed to traditional DC-DC
voltage converting approaches. Early field
tests and historical modeling have shown
that this solution can cumulatively deliver 40
to 80% more power over the operating life
of a solar panel installation.

www.national.com jllwww.actsolar.com

Exclusive Distribution Agreement

AMS Technologies AG, based in Mar-
tinsried near Munich has announced an
exclusive distribution agreement with San
Diego based C3 Semiconductors LLC.
The agreement entitles the Pan European
distributor to sell C3 Semis semiconductor
products throughout Europe.

C3 Semiconductors LLC is a manufac-
turer of a wide array of discrete semicon-
ductors such as Triacs, SCR's, rectifiers in
TO220, TO218, Dpack, D2pack package
sizes. Also power modules, IGBT modules
and solid state relays are available. The
products are used for solutions in a variety

-

of applications including lighting, motor

control, automation and high power control.

C3 Semis was formed to bring a new
focus to the semiconductor industry, provid-
ing the flexibility to fulfill specific customers’
requirements. Due to its expertise C3 Semis
is able to construct different circuits in a
number of diverse packages and configura-
tions or with special characteristics.

C3 Semis products will be shown at
PCIM 2009 (12th to 14th May, Nuremberg,
Germany) at AMS booth # 12-512.

Power Systems Design North America  May/June 2009

Psoui GPee)

L' ENERGY EFFICIENCY

Ayysrline»

Energy-Efficient Ballast

Up to 45% cost saving

luorescent lighting is still the
Fdominant light source in the

commercial sector. With the
increasing need to conserve energy
and the financial drive to contain costs,
a product which maximizes power
efficiency in this lighting sector has a
broad appeal.

American Ballast, a global
commercial and residential power
solutions company, has developed a
line of NEMA approved high-efficiency,
multi-voltage ballasts. Providing up to
45% energy costs savings in a wide
range of applications including general,
decorative, retail and indirect lighting,
the energy-efficient electronic ballasts
are designed for retrofits installations
or new construction.

The electronic ballasts feature Instant
Start technology with parallel circuit
configuration and are engineered
to out-perform other instant start
ballasts as well as rapid start ballasts
in short-cycle and frequently switched
applications. The high-efficiency ballast
series has exceptional power quality
with a power factor of >98% and a
THD of 10%. The ballast series also
features silent, flicker-free operation
and anti-striation control creates an
even level of light output. The lumen
output for these NEMA approved
ballasts is 0.87. The minimum lamp
starting temperature is -18°C.

The NEMA Premium Electronic
Ballast Program provides the method
for identifying the most efficient T8
fluorescent ballasts available in the
market and identifies models that are
consistent with the Consortium for
Energy Efficiency (CEE) specifications
for high performance lamps and

www.powersystemsdesign.com

ballasts, tested in accordance with
ANSI C82 Standards. Qualifying
products have a special mark to help
lighting professionals and end users
identify the market's highest performing
electronic ballast products that will help
support energy-efficient objectives.

American Ballast’s NEMA approved
multi-voltage ballasts operate one, two,
three, or four T8 lamps at an installer-
simplicity universal input voltage of
108-305 volts. The electronic ballasts
also feature parallel lamp operation,
which enables lamps to continue
operating normally in the event of a
single lamp failure. The high-efficiency
ballasts can utilize the same wiring
and mounting footprint as conventional
ballasts, negating the need for any
expensive electrical work.

“Our new NEMA approved high-
efficiency electronic ballasts use less
input watts than standard efficiency
electronic ballast and consume less
energy than Rapid-start ballasts,” said

Eric Hsieh, American Ballast’s R&D
Director. “The high-efficiency series
allows our customers to experience
maximum light output combined with
minimum power usage.”

With a NEMA certification, customers
are guaranteed a high-performance
T8 ballast that meets FCC rules and
regulations, ANSI requirements and
complies with all applicable state and
federal efficiency standards, as well as
meeting RoHS standards.

Through its extensive burn-in,
full-functional and advanced-life
testing procedures, American Ballast
confidently offers a five year warranty
on the ballast product family. All
American Ballast lighting solutions are
UL and Cul listed.

For more information about the
NEMA approved high-efficiency ballast
series, visit American Ballast at:

www.americanballast.com
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Burgeoning LED
Lighting Market Needs
Efficient Power Supplies

By Doug Bailey, VP Marketing, Power Integrations, Inc., San Jose, CA

he use of LED technology for
I lighting applications is accelerat-

ing. LEDs last much longer than
other illumination technologies, con-
sume significantly less power, and are
much more controllable, enabling the
right amount of light to be delivered
where it is required. In the long run,
the cost of ownership of LED lighting
is likely to beat current fluorescent
solutions, not only due to energy sav-
ings, but also because of significantly-
reduced maintenance costs.

For indoor LED lighting applications,
much of the focus has been centered
on replacement bulbs. Initial LED light
bulbs were cumbersome and compro-
mised, but today there are some very
attractive industrial designs available
from manufacturers in the U.S. and
worldwide. These are mostly charac-
terized by a large-finned aluminum
heatsink body, with the LEDs behind
an optical spreader/diffuser and the
power supply crammed into small
space inside the traditional screw fit-
ting connector. High-brightness white
LEDs are much more efficient and
rugged than incandescents, so it is
important that designers drive these
safe, clean, and efficient light sources
with similarly effective power supplies.

Accurate constant-current perfor-
mance is an important parameter
for LED driver designs to ensure a
consistent light output, small size, and
low heat generation. Power Integra-

tions’ LinkSwitch®-Il AC/DC switch-
mode power conversion ICs with
primary-side control can be configured
in a tapped-buck topology and are
perfect solutions for the small space
inside the screw fitting of a light bulb
replacement up to about 8W. Link-
Switch technology offers a high level
of integration and low external com-
ponent count. It is also highly efficient,
avoiding the thermal management
challenge inherent in LED light bulb
form factors. LinkSwitch-Il also has
low EMI due to frequency jitter, aiding
physical design by eliminating large
common-mode chokes and reducing
the size of X-capacitors.

There is a growing enthusiasm in

municipalities as far afield as Qingdao
(China) and Annapolis (Maryland) for
the installation of LED street lighting.
Following positive trials, many cities
are now introducing policies to re-
place traditional street lights with LED
products. Los Angeles will replace its
140,000 existing street light fixtures
with LED units; improving LA’s lighting
quality while reducing electricity use
and cost. LED fixtures last two to three
times longer than traditional products
and are more resistant to damage,
delivering significant maintenance cost
savings.

We can expect explosive growth in
LED street lighting and widespread
adoption in a very short time. It seems
reasonable to predict an almost com-
plete worldwide switch to LED street
light installation this decade. The
HiperPLC® power supply controller IC,
Power Integrations’ first high-power
product, is targeted at the latest gen-
erations of high-brightness LED street
lights. The device saves costs by
combining the PFC and LLC control-
lers into a single IC. It is ideal for LED
street lighting, as it combines excellent
power factor correction, greater than
90% efficiency, and small size and an
improvement in overall operating life.

Visit the Power Integrations LED
lighting microsite at:
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Intersil Voltage Supervisors

Demand versatile Supervisors that can he adapted
to the changing needs of your system designs.

Eliminate the need for a different
supervisor for every design and
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From CFL’s to
Liquid LEDs

Reported by Shane Walker, Research Analyst, Consumer Electronics Group, IMS Research

ith an 11% market
contraction forecast in 2009,
it appears that the lighting

industry is not immune to the global
economic downturn. However, there

is a bright spot within the forecast for
companies delivering LEDs. While LED
lighting is a small part of the overall
lighting industry at present, the growth
potential is enormous.

Major LED suppliers such as
Nichia, Osram, Lumileds and Cree
are all well aware that, while LEDs in
backlighting applications are worth
more dollars at present, indoor and
outdoor illumination applications
will represent the largest market in a
few years as LEDs become brighter
and more efficient. Many of these
LED applications will also require or
benefit from dedicated LED driver

ICs. However many LED driver IC
manufacturers remain focused on

mobile handset and other consumer
applications, where the revenue is
currently much larger.

In the near term, we expect to
see heightened awareness of a new
non-IC LED known as a liquid LED.
These bulbs are poised as a possible
replacement for interior lighting — a
market that has not traditionally been
seen as viable by LED manufacturers
due to cost and overall lighting quality
as compared to incandescent and
fluorescent bulbs.

Liquid LEDs address the key
challenges of high power LED lighting
including heat dissipation and light
decay, extensive beam angle and high
luminance, security and certification,
and compatibility with existing
standard light fixtures.

The Liquid Immersed Thermal
Management Solution (LITMS) from
Liquidleds of Taiwan is designed to
replace higher wattage incandescent
lamps and lower wattage CFLs for
residential applications. What is
interesting about the technology is
that heat is dissipated at the junction
by filling an AC LED bulb with liquid,
extending lamp life to approximately
35,000 hours. A thermal conductor in
the liquid transfers heat from the LED
module through the liquid and to the
light cover. The LED light penetrates
through the liquid creating wide angle
uniform illumination. We tested the
bulb in an interior setting and found
that a 4W bulb doesn’t quite supplant
a general service “A” bulb or a CFL,
but that a 10W bulb most likely would
do the job. In addition, these bulbs
do not require a driver as do typical
DC LEDs and are therefore dimmable.
Currently, the 2W, 4W and 5W bulbs
have sold primarily into the Western
European markets of Germany, Poland,
and France and a 10W bulb is on the
way. Distributor costs have yet to be
fully disclosed; however, based on
information that we have received, price
estimates for these bulbs fall between
US$10 to US$20 each. This would
bring estimated consumer costs back
to a reasonable (or semi-reasonable)
level, as compared to other LEDs which
are still US$95 at retail.

Why would anyone be interested
in switching? Let’s remember that
incandescent lighting converts heat to
light at approximately 5% efficiency
with an average lamp lifetime of 2,000
hours. While there have been some
advances in the technology, such as
double filament bulbs, little has been
accomplished in terms of overall energy
efficiency. Then there are fluorescent
or compact fluorescent lamps,
which operate at approximately 25%
efficiency with an average lamp life of
6,000 to 10,000 hours. Self-contained
electronic ballasts with dimming
control ICs are allowing fluorescents
to compete with incandescent lamps
as they will operate similarly in 3-way
lamp sockets. However, a principle
drawback to fluorescent lighting
continues to be the mercury used
to create the UV light. Other than
dimming capability, recent advances
in CFLs include removable ballasts
which allow for the separation of the
expensive ballast portion of the lamp
for reuse.

While it is unlikely that there will be a
fundamental shift to LED or Liquidled
lighting for residential applications
in the near future, it is clear that the
energy savings to be had from their
use will increasingly improve their

standing.
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Digital Power to Grow
Significantly

By Ash Sharma, Research Director, Power & Energy Research Group, IMS Research

he topic of digital power has
I divided the power industry over

the past few years into two
camps: those that think it will never
take off, and those that believe it will
revolutionize the industry. Increasingly,
the consensus appears to be that it
will gain significant adoption, but the
questions remain — when will this be,
and why hasn’t it happened already?
After all digital power as a concept has
been around for many years.

Digital solutions have been proven
to work in power designs for sub-
systems such as rectifiers, inverters
and UPS; yet adoption of digital
power for DC-DC conversion remains
relatively limited, despite a number of
obvious benefits. Whilst most users

are not interested in whether a digital

or analogue control loop is used,
they may be convinced to switch to
digital to reap the benefits of reduced
component count, better control
capability and improved efficiency.

Enhanced functionality now appears
to be the main marketing angle used
by suppliers active in the digital
power field and is probably the most
significant benefit of digital power,
particularly in applications where there
is a need for real time power system
diagnostics and adaptive control
under different loads or operation
modes. Digital power can also reduce
the overall cost of new designs, by
allowing companies to use the same
design platform across multiple
topologies and customising designs

Projections for Digital DC-DC Power Market
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through the use of software.

Whilst there are some clear benefits
of employing digital products in
power designs, penetration of these
products to date remains low. IMS
Research’s latest reports on the
Global Market for AC-DC & DC-DC
Power Supplies and the Global Market
for Power Management ICs found
that in 2008, just 3.6% of DC-DC
solutions revenues were from digital
products (Figure 1). In order for digital
power to really take off on a large
scale, a number of issues need to be
overcome.

Firstly, prices of digital power
products will need to fall further in
order to gain wide scale adoption.
Whilst prices are often described as
‘comparable’ to analog solutions,
this is typically only true for specific
designs with a large number of
voltage rails and only when comparing
the overall design cost rather than
just comparing component costs.

It is inevitable that prices of digital
products will fall further as more
suppliers enter the market and
volumes rise; however, the customer
will need to be persuaded on the basis
that overall system costs will be lower.

Demand for digital power will need
to be generated in new, high volume
applications. To date, most demand
has come from high-current designs
in applications such as routers,
servers and storage and switching
equipment. The acceptance of digital
power over analog in one or more
high-volume application would help
raise acceptance of the technology,
further reduce prices and drive mass
adoption.

Finally, one of the most critical
restraints on digital power adoption is
the reluctance of designers to switch —
the ‘inertia to change’. Digital designs
will require power supply designers,
often traditional analog engineers,
to learn new design techniques

and take into account new layout
considerations. Some designers may
have difficulties with software design
and will prefer to continue using “old
fashioned” analog techniques. This
obstacle is in part being addressed
by a number of power IC vendors that
are providing much greater design
support for customers and in some
cases taking care of the entire design
process.

IMS Research projects that
penetration of digital products in
DC/DC solutions will continue to grow
significantly, reaching nearly 12% by
2013, implying that revenues of digital
DC-DC solutions will increase by some
35% per year on average over the
next five years. Whilst one can debate
whether this forecast is too aggressive
or too conservative, what seems
unarguable is that the future for digital
power is very positive.

www.imsresearch.com
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Frequency Response of
Switching Power Supplies — Part 3
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Vicor's PowerTechtorial Series concentrates
on important, real-world technical issues in
power system design. Questions, posed by power
designers worldwide, are answered through
concise, expert instruction. Each techtorial, on
vicorpower.com or on CD, is accompanied by
relevant technical articles and application notes.

Injecting signals into the power supply

In this article, Dr. Ridley continues the topic of frequency response of switching power supplies. Electromagnetic Interference:

How to Get the Lowest Noise

Peter Huber; Senior Field Applications Engineer, Germany,
describes the sources of current mode and differential noise.
Then, at the bench, he demonstrates the effect of various filters
and combinations on noise spectra, shown in the context

of EN55022, Class B limits.

ﬂ'hermal & Mechanical Considerations

Previous articles showed how a frequency response analyzer pulls out a single test frequency from
a broad range of noise and signal. This third article shows how an analyzer can be connected to
measure the essential transfer functions of a power supply and its components.

By Dr. Ray Ridley, Ridley Engineering

Measurement of Passive
Components

As mentioned in previous articles
in this magazine™™, all passive power
components should be characterized
across the frequency range over
which they are required to function.
This includes dc measurements
for magnetic components, out to
30MHz, the limit of conducted EMI
measurements.

performance. Off-the-shelf parts should
also be measured since they are usually
inadequately specified by vendors.

Figure 2 shows the test setup for low
impedance measurements, down to
as low as TmOhm. This setup is used
to characterize power capacitors, and
will show capacitor values, resonant
frequencies, and equivalent series
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Marco Panizza, Manager, European Applications Engineering,
defines the terms and the relationships among efficiency, heat,
cooling by conduction, convection and radiation. Using these
relationships, he performs the calculations to determine
efficiency and thermal impedance, leading to the choice of a
proper heat sink.

Wlnput Overvoltage Protection

resistances. All of these quantities
can have significant variation

Presented by Marco Panizza, Vicor's European Applications
Manager, defines the types of transient overvoltage and
discusses methods to generate and measure them.

T W s e

Figure 1 shows the test setup
for high impedance measurements
(greater than 1ohm), typically used to
characterize magnetics. This is used

depending on the type of capacitor
used, temperature, bias point, and
batch sample. Most manufacturers
do not provide enough accurate data

Improving Output Filtering

to measure magnetizing inductances, such measurements are given in"'?, to properly design a power supply, Peter Huber, Senior Field Applications Engineer, Germany, '
leakage inductance, resonances, Power magnetics are usually custom making this an essential measurement pr/?‘”de; both the theo;y at”d, & /steg—by ;Stephbemh demons;r S
f . . . . . wher m I r, 2 W ran
and winding capacitances. Details of and should be measured to confirm for any power capacitor®. . ) . . €re Ne MEAsures output rippie. e also sSnows a range o
Gain access to view an ever-growing number of Vicor methods for reducing output ripple while stressing the

importance of good technique.

PowerTechtorials. You'll be informed as each NEW

AP300 FREQUENCY RESPONSE ANALYZER techtorial becomes available. As always, technical

AP300 FREQUENCY RESPONSE ANALYZER . .
Vicor DC-DC Converter Theory Overview

AVAV, CHA CHB VAV, SOURCE CHA CHB assistance with your power system design
q HOIRES O 1 1 e ©) 1 is there, worldwide, from Vicor Applications Presented by Marco Panizza, Manager, European Applications
Engineering at 800-927-9474. Engineering. Includes descriptions of the DC-DC converter
power train, Maxi, Mini, Micro block diagrams, and ZCS power
transfer topology.
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Figure 3: Setup for input-output conducted noise, or

audiosusceptibility, measurement.

Audiosusceptibility Measurement

In the aerospace industry, it is usually
a requirement to measure the input
bus to output voltage transfer function,
also referred to as audiosusceptibility.
This involves the inconvenient process
of modulating the input voltage with
the frequency response analyzer. More
elaborate electronic power sources
may have the capability of producing
this perturbation, but we usually have
to build a circuit to do customized
injection, tailored to the specific input
voltage and current levels of the
converter.

Figure 3 shows a method to inject
into the input rail of a power supply. A

FREQUENCY RESPONSE ANALYZER

s :

BUFFER

J:C)CHA CHB

Figure 4: Setup for input impedance measurement.

series-pass FET is used, and its gate is
modulated via an isolation transformer.
In setting up this test, make sure the
FET is rated for the full input voltage,
and properly heatsinked for the full
input current.

Since the input voltage of a power
system is typically higher than the
allowable range of a frequency
response analyzer, it is common to
buffer the signal measured at the input
voltage. This can be done with a high-
voltage differential probe, or using an
oscilloscope with a Signal Out feature.

Input Impedance Measurement
The same injection technique as

used for audiosusceptibility allows the
measurement of input impedance, as
shown in Fig. 4. Input impedance is a
requirement for most aerospace power
systems, and very useful for any large
scale systems where power supplies
are connected together and system
interactions are crucial.

For input impedance, the analyzer
measures the perturbation of the input
voltage and the perturbation of the
input current, using a suitable current
transducer.

Output Impedance Measurement
Two setups are available for
measuring output impedance of a

o ‘ ISOLATOR Switching
SW|tch|ng ° ° Power
Power
|
Supply g Supply
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CHB CHA SOURCE
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FREQUENCY RESPONSE ANALYZER

Figure 5: Setup for output impedance measurement for

low power outputs.
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Figure 6: Setup for output impedance measurement for
high power outputs.
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Figure 7: Setup for output impedance measurement for

low power outputs.

power supply. In the first, shown

in Fig. 5, a passive circuit is used
via a coupling transformer, and DC
blocking capacitor. This test setup
can only generate a small current
into the output of the power supply
due to the limited drive capability of
the frequency response analyzer. It
is typically useful down to around
10mOhm output impedance.

For higher current power supply
measurement, a higher drive current is
needed, and this can be achieved as
shown in Fig. 6.

Control-to-Output Measurement

Before closing a control loop
around a switching power supply,
the characteristics of the power
stage must be measured. These
can be highly variable depending on
load, input voltage, and component
parasitics, making measurement
essential.

It is a common industry practice
to set the duty cycle of the PWM
controller using a potentiometer which
adjusts the control voltage as shown
in Fig. 7. The control voltage can then
be modulated by ac-coupling to the
source of the frequency response
analyzer. Care must be taken to keep
the power supply operating in its
small-signal region at all times, so the
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proper sized signal must be injected.

Loop Gain Measurement

Once the power stage has been
measured, the feedback compensation
is designed, and the loop is closed
around the system. A very special
technique is then used to inject the test
signal into the closed loop system, as
shown in Fig. 8.

The test voltage is injected
differentially across a 20-ohm resistor
via a transformer isolator as shown.
With this technique, the loop is kept
closed in order to regulate the output
voltage, but the voltage impressed
across the resistor allows the
measurement of the open loop gain. In
effect, we are electronically breaking
the loop, forcing a difference between
the loop input and output signals on
either side of the resistor. The next
article in this series will discuss this in
more detail.

Loop measurement is a very
powerful design and diagnostic
tool. It allows the compensation
design to be verified and adjusted
for any nonidealities that may arise
in the system. It is also a very
sensitive measure of almost all of the
components in the power system, and
can be used to verify that all of the
components are correct.

Figure 8: Setup for output impedance measurement for
low power outputs.

Summary

This article has provided eight of the
most common frequency response test
circuits used for characterizing power
supplies. All of these tests are useful
for ensuring the design of a rugged
system, and should be a part of the
complete documentation package. For
many commercial power supplies, the
measurement of audiosusceptibility
and input impedance is omitted due
to the difficulty of signal injection,
but these are also essential for
more complex power systems, and
a requirment for most aerospace
systems.
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The Challenges of PoE+
Standardized PSE module simplifies

switch design

The IEEE is close to completing the PoE+ standard and network equipment makers are rushing to

upgrade their designs, but making the transition can be challenging. A new industry-standard PSE

module makes the job a lot easier, reduces time-to-market, and simplifies testing.

By Alison Steer, Product Marketing Manager,
Mixed Signal Products for Linear Technology Corp., Milpitas, CA.

PoE+ is nearly here

The Power over Ethernet (PoE) mar-
ket has grown tremendously over the
past few years. PoE has become al-
most ubiquitous, with millions of PoE-
enabled switches installed all over the
world.

The primary application of PoE is
still to remotely power IP telephones
and wireless access points. Engineers
have dreamed of using PoE for many
other applications, but too often these
dreams have been frustrated by the
small amount of available power. Un-
der the original IEEE 802.3af standard,
a Powered Device (PD) could only
draw up to 12.95W.

The IEEE is about to improve the
situation with the eagerly anticipated
802.3at revision (sometimes called
PoE+) that is nearing completion.
This latest revision will increase the
power limit, allowing a PD to draw up
to 25.5W, and will open the door to a
host of high volume applications such
as Pan-Zoom-Tilt (PZT) cameras, mul-
timedia kiosks, industrial controllers,
and laptop battery chargers.

Making the transition to PoE+

The challenge now is for Power
Sourcing Equipment (PSE) manufac-
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turers to get those high-power PoE+
ports into the field rapidly. High-power
PDs won’t become commonplace until
high-power PSE ports are widely avail-
able.

Upgrading an existing PSE design
for PoE+ requires:

¢ Improved Ethernet magnetics that
can take more bias current without
increased bit error rates at full gigabit
line rate.

¢ New PSE controller chips with
higher cutoff current thresholds.

¢ Depending on which controller
chip is used, larger MOSFETs with
larger Safe Operating Areas (SOA) may
be needed.

e L arger main power supply.

e Miscellaneous components such
as connectors, fuses, common-mode
chokes, transient voltage suppressor
diodes, current-sense resistors, and
EMI filters may need to be upgraded
for higher currents.

These components are already
available and vendors have tried to

Figure 1: 12-Port PSE-ICM, COURTESY OF Tyco Elecronics.
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make their new PoE+ magnetics and
chips simple drop-in replacements

for 802.3af components as much as
practical. But unfortunately, upgrading
a PSE design for PoE+ will rarely be as
simple as changing the bill of materi-
als; usually, significant PCB layout
changes are needed.

For example, designs that use dis-
crete Ethernet magnetics may need
layout changes. The traces that carry
gigabit Ethernet data and power from
the RJ45 connectors to the transform-
ers must have controlled impedances,
but also must be heavy enough to
carry the increased current. Many
existing designs use single-ended
50Q traces on inner layers which are
typically 6 mils wide in 0.5 oz. (14g.)
copper; some designs use closely
coupled differential traces where the
widths are even narrower. While these
layouts may have worked at 400mA for
802.3af, there could be a serious risk
of overheating at 600mA for 802.3at.
Therefore, a POE+ switch may need to
route these traces on the outer layers
where 50Q line widths are typically
8 to 10 mils. What is more, surface
layers are typically 1.5 oz. (42g.), after
plating.

But the list of headaches for the
switch designer is even longer: the
increased heat dissipation may require
additional or stronger fans; the whole
industry is under pressure to make net-
work equipment more energy efficient;
and the upgraded PSE design will have
to repeat qualification and certification
testing. All of the above mentioned
tasks can put a significant burden on
switch designers who, in many cases,
are already overburdened.

One solution is to use a multi-

port PSE module. There have been
some module assemblies available
for 802.3af PSE in the form of DIMM
cards, or power supplies with PSE
port circuitry built in. But these types
of modules leave the designer some
significant challenges because they
don’t include the Ethernet magnet-

www.powersystemsdesign.com

ics or RJ45 connectors. The Ethernet
signals must be carefully routed from
the connectors through the magnetics
to the PHY chips, and power must be
routed from the transformer center-
taps to the PSE port circuits. As
mentioned above, this can be tricky:
maintaining controlled impedances,
maintaining clearances for high po-
tential (hipot), and making the traces
heavy enough to carry maximum cur-
rent under worst-case thermal condi-
tions is not trivial.

PSE Integrated connector
modules

Probably the most elegant approach
is to put all of the PSE circuitry and
Ethernet magnetics inside a ganged
connector assembly. This really sim-
plifies the task of laying out a board
because all of the Ethernet signal pins
are on the PHY side of the transform-
ers; they don’t carry DC currents, so
you don’t have to worry about the
ohms per square of the traces, and
you don’t have to worry about main-
taining clearances for hipot. Just
route these signals directly to the PHY
chips as normal impedance-controlled
traces.

Some PSE modules like this have
been available for 802.3af switches
but one of their main drawbacks has

been a lack of standardization. Each
vendor has a specific footprint and
electrical characteristics. Once you
pick a vendor you’re locked into their
design.

But that’s changed now, thanks
to PoETec. PoETec is a consortium
of leading manufacturers of network
equipment and components, dedicat-
ed to advancing and promoting PoE
technology. PoETec has developed,
and will soon publish a specification
for the industry’s first standardized
PSE module, which they call the PSE
Integrated Connector Module (PSE-
ICM). The specification defines all as-
pects of the PSE-ICM characteristics
including footprint, signal functions,
and the internal register set. So a PSE
design that uses one brand of PSE-
ICM can simply drop in another brand
without changing the board layout or
the system software.

Figure 1 shows a 12-port PSE-ICM
from one vendor. At the time of this
writing, two PoETec member com-
panies (Molex and Tyco Electronics)
are shipping PSE-ICMs and two more
companies are about to start ship-
ping. Presently, there are 12-port and
8-port PSE-ICMs available; 16-port
PSE-ICMs may be coming in the near
future. There are also versions with
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Figure 2: Block Diagram.
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and without LEDs. Passive modules
without the PSE circuitry, just the mag-
netics, are also available.

Figure 2 shows a simplified block
diagram of a 12-port PSE-ICM. It
includes an isolated I°C interface for
control and monitoring of PSE func-
tions. Also included, but not shown,
are common-mode chokes and termi-
nations. All that’s needed is the main
power supply and an external micro-
processor to run the power manage-
ment software. The PSE-ICM can also
be configured for AUTO mode in which
standalone operation is achieved. In
this mode, the external microproces-
sor is not required.

The PSE-ICMs were made practical
by some pretty advanced technol-
ogy, and probably couldn’t have been
built at a reasonable cost just a year
ago. One key enabling technology is
the new LTC4266 quad PSE control-
ler chip from Linear Technology Corp.
The LTC4266 has the smallest pack-
age (5x7mm QFN) and lowest power
dissipation of any quad PSE control-
ler in the industry: just 165mW/port
at 600mA, including current-sense
resistors and MOSFET on-resistance.
What is more, the LTC4266 has a
unique non-linear foldback feature that
protects the module from short circuit
faults; without this feature, larger
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MOSFETs with bigger Safe Operating
Area (SOA) would be needed to sup-
port the higher current levels reliably.

PSE-ICM advantages

These days, switch designers face
many tough engineering challenges.
All of the digital and software tasks
are difficult enough, without having
to worry about analog issues. For
example, hipot, EMI, UL certification,
lightning surge protection, and heat
dissipation are several areas where
problems often crop up near the end
of a project, when it’s most costly and
time-consuming to fix them. In fact,
these are probably the most com-
mon reasons why products miss their
launch dates.

The primary advantage of the PSE-
ICM is that it’s already been through
all these tests. Therefore it not only
reduces the switch designer’s work-
load, but also reduces the risks of last
minute problems. Of course, it’s still
possible for a switch to fail hipot or
EMI because of layout issues outside
the PSE-ICM, but the chances of that
happening are reduced.

The PSE-ICM also reduces risk be-
cause there are multiple sources. This
not only creates price-competition, but
reduces the risk of late delivery that
sometimes occurs when using sole

sources for components.

Poor technical support can also lead
to project delays and cost overruns.
Suppose you're testing a new PSE
prototype and one of the MOSFETs
overheats. Was the failure due to a
bad MOSFET or a bad controller chip?
The two vendors will likely point their
fingers at each other, while your proj-
ect slips further behind schedule. But
with the PSE-ICM there is no finger
pointing; if one PSE-ICM brand seems
unreliable, you can simply switch to
one of the others with no changes to
your board layout or software.

The cost issue

Of course cost is king in the network
equipment industry. Some designers
may take one look at the PSE-ICM
and say it’s too expensive, but a smart
designer won’t be so hasty. The real
objective is to reduce overall costs;
that’s rarely as simple as picking the
cheapest parts.

Figure 3 shows a qualitative cost
comparison between a discrete design
— where the designer places all the
PSE components (controller chips,
FETs, magnetics, etc.) on the main
board — and a design that uses the
PSE-ICM.

The graph is intended to illustrate
three points:

¢ The costs of both alternatives
decrease over time.

¢ There are sudden drops in cost
when new technologies are intro-
duced.

* The material cost of the discrete
approach will always be slightly lower.

Think about the second bullet. One
of the advantages of the PSE-ICM is
it allows you to more easily keep up
with advancing technology and take
advantage of the savings. For ex-
ample, when a new chip that reduces
cost is introduced, it may be difficult
to use that chip in the discrete design
because a new PCB layout would be
needed. But when that chip is incor-
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porated into a new PSE-ICM, you can
just drop it on your board because the
PSE-ICM footprint hasn’t changed.

Now think about the third bullet.
The discrete approach has a slightly
lower material cost, but the PSE-ICM
offers a lot of added value that makes
up the difference.

For example:

e Shorter time to market. Some
products have market windows only 8
to 12 months before they’re obsolete.
If the launch of such a product were
delayed just 2 months, due to PCB
layout problems for example, then
the overall revenue from that product
would be severely reduced. The PSE-
ICM can greatly reduce the risk of
these delays, and that has economic
value that should be counted.

e | ower assembly and test costs.
The PSE-ICM obviously reduces as-
sembly cost, but its benefit of reducing
test costs should not be overlooked.

A designer who goes with the discrete
approach must develop test setups
and software sufficient to catch all the
defects that might occur during the
assembly process: at a minimum one
would need to verify basic functions
such as detection, classification, and
disconnect sensing. All these functions
are pre-tested in the PSE-ICM; the
only testing required would be to verify
there are no bent pins or bad solder
joints when the PSE-ICM is stuffed on
the board. You get almost complete
coverage just by running Ethernet
traffic on all the ports and verifying the
PSE-ICM acknowledges when it is ad-
dressed via the 12C bus.

¢ Lower configuration management
costs. For example, PSE-ICMs are
available without the PSE electronics
in the same footprint. This means a
switch maker can design two products
(a PoE-enabled switch, and a switch
without PoE) that use the same main
board; the only difference being which
type of PSE-ICM is stuffed.
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Conclusions

As the new |IEEE 802.3at standard
nears completion, many companies
are preparing to launch their new PoE+
products. In this environment, where
designers have a long list of technical
challenges and a wave of competing
products is imminent, shortening the
design cycle time can be critical for
success.

The PSE-ICM can greatly reduce
time to market, but offers many other
advantages described in this article.
The two main drawbacks of previous
modules were lack of standardiza-
tion and high cost, but both of these
are addressed by the new PoETec
industry standard: Multiple sources
are already on line, with more coming.
The new PSE-ICMs are already lower
cost than their predecessors, and over
time competition and technological
advances will drive costs down even

further.
www.linear.com
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Fairchild Semiconductor

Simplify Power Designs for Applications Up
to 600W

The FAN7621 is a highly integrated resonant
controller that simplifies design, reduces bill of
materials and provides advanced protection
functions for LCD and PDP TVs, servers,
game consoles and LED lighting applications.
It also offers excellent noise immunity,

enabling applications to meet stringent EMI
specifications.

http://www.fairchildsemi.com/pf/FA/
FAN7621.html
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International Rectifier

New Wirewound Tubular Lug Resistors
Range

Available with three durable coating options;
lead-free vitreous enamel, silicone-ceramic and
our patented, flameproof Centohm cement
designed to withstand temperatures to
2000°C, the E Series will range from 72 to
700 Watts. Available in both adjustable and
fixed styles, with both live and isolated integrated

TIP’s New Eight-Channel Sequencer and
Monitor with Non-Volatile Error Logging,
UCD9081, Supports the Latest Generation
Microprocessors, ASICs and DSPs, to Improve
System Reliability and Ease Eequencing on
Boards with Multiple Points of Load.

The sequencer operates from a 3.3-V supply
and does not require external memory or a
clock, to help reduce board space in a variety

Gen2 SuplRBuck

The highly versatile Gen2 SuplRBuck family
features IR’s latest advances in control IC,
MOSFET and package integration technologies
to deliver 4A, 8A, and 12A output current with
benchmark efficiency over the entire load range.
While optimized for 12V input voltage, superior
efficiencies are also achieved in applications
with 9.6V, 5V or 3.3V input voltages. The new

mounting terminals, the E Series enhances
Ohmite’s hugely successful lug offering by
adding sizes commonly used by the European
electronics market. Rugged construction allied to
a choice of coatings makes these resistors ideal
for applications requiring high wattage ratings.

www.ohmite.com

of equipment, including telecommunication
switches, servers, industrial, networking and
test equipment. The UCD9081 is available from
Texas Instruments and its authorized distributors
in a 32-pin QFN package. Application notes,
evaluation modules and the GUI software tool
for the UCD9081 are also available online at

www.ti.com/ucd9081-pr

devices offer a high switching frequency up to
1.5MHz to allow the use of smaller inductors
and fewer output capacitors. Tailored for data
center applications, the Gen2 SuplRBuck
devices provide an extensive range of features
that significantly reduce overall system
complexity and size.

www.irf.com

ITW Paktron

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

ITW Paktron’s Multilayer Polymer (MLP) Film
Capacitors (Type CS Series) feature ultra-low
ESR and high ripple current capability and are
designed for high frequency filtering and EMI/RFI
suppression in power conversion applications.
Provides mechanical and electrical stability,
compared to multilayer ceramic capacitors.

Features “non-shorting” operation and does not
crack like large ceramic chip capacitors under
temperature extremes or high vibration. There
are no DC or AC voltage coefficient issues with
polymer film capacitors.

Capacitance values range from 0.33pF to
20uF and voltage ratings are 50 to 500 VDC.
Lead time is stock or four to six weeks.

www.paktron.com
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New LED

Applications are
Unftamiliar Territory

Tools help designers with inductor selection

New LED developments are making many new lighting applications possible, but some designers

must now confront challenges in areas outside their traditional expertise.

By Len Crane, Director - Technical Marketing, Coilcraft, Cary, IL, USA

product we are all familiar with
A as consumers, the traditional
incandescent flashlight,
usually has a very basic circuit
design: batteries, a light bulb, an on-
off switch, and a way to connect
them all. By contrast, opening one
of the new LED flashlights now on
store shelves reveals a much greater
electronic complexity. They use a
variety of driver circuits with a wide
array of components. It is easy to
imagine that flashlight designers
have always required a large
measure of specialized expertise to
produce ruggedized items for uses
like sporting and police, fire and
rescue applications. But they didn’
t necessarily need to be experienced
with dc-dc converters, let alone
components like the power inductors
that make up a typical dc-dc
converter bill of material.

As the range of new LED lighting
applications grows, it is also easy to
imagine this scenario repeating itself
for a variety of lighting products. It
is incumbent on established power
component manufacturers to help
these new industries adapt existing
dc-dc converter expertise into their
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£ 8 2 LED Design Center

Tools to gpead the design and optimize the parformance of your LED drivier circui

Have you already chosen your driver ICT Star here

Need an inductor for a specific &rlvor topolog? Start hiere

Want to compare the =ificiency of several inductors? Start hara

Leoking for coupled inductars for ~EF 1 C7 Start here

Figure 1: Coilcraft LED Design Center options.

designs — and do it in ways that
achieve the performance and energy
efficiency promised by new lighting

guide the user in the selection of
inductors. These tools are available in
the new LED Design Center as shown
applications. This article examines in Figure 1. The tools are arranged to
the ways an experienced engineer provide the user a choice of starting
can quickly and easily access existing  points.
dc-dc converter expertise including
magnetic component detail. Starting from the driver IC

The list of LED driver circuit ICs is
Coilcraft has created several tools to  long and includes all the well known
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than those on the reference design

Fairchid

LED IC / Inductor Matching Tool

Find inductors for your LED driver IC that may be newer, smaller or more efficient

1 SelectanICmanufacturer [ [+]
Cal
w| |Allegro Microsystems
2 Select an IC " |Analog Devices
) AnalogicTech
3 Reference/application Austriamicrosystemns
Calakyst
Fand I Clare Micronis
DurelFiogers

Figure 2: LED driver IC and inductor matching tool.

names such as Allegro Micro, Austria
Microsystems, Durel, Fairchild,
Freescale, Linear Technology,
Maxim, National Semiconductor,
NXP, ON Semiconductor,
STMicroelectronics and Texas
Instruments. Documentation from

IC companies typically includes not
only the technical specifications

for their products but also design
examples and application hints. Often
complete ready-to-use evaluation or

demonstration kits are made available.

In addition to the usual reference
design information, companies
have implemented special LED
design centers as a way to gather
the information related specifically
to lighting applications. National
Semiconductor, for example, offers
the on-line WEBENCH LED Designer
as part of its renowned WEBENCH
Designer tool set. Texas Instruments’
web offerings for Power Management
Products feature an LED Driver,
Lighting & Display Solutions section,
and Linear Technologies lists an
LED Driver ICs page. These are just
examples of the lengths the driver
IC makers are going to support the
fledgling LED lighting market.

The Coilcraft LED Design Centers
collects information on LED driver
ICs and connects the user to the
appropriate inductors with its Inductor
Matching Tool. This tool starts by
helping the user select from a list of

www.powersystemsdesign.com

the IC companies, driver ICs, and
specific application of interest as
shown in Figure 2.

From the selected information, the
tool provides the appropriate inductor

information for the application. Figure
3 shows a typical result which features
a summary of the inductor parameters
and a live link to the complete inductor
specification. Because the inductors
listed as solutions are pulled from a
live database of active part numbers,
this tool is more powerful than a
simple cross-reference list to the
inductors listed in the IC reference
design. This feature provides the user
with an always up-to-date list of the
available inductors, not limited to those
inductors identified by the reference
design at the time of publication.

Starting with the LED

As the heart of the application, the
properties of the LED device itself
and the operating requirements are
necessarily the starting point for
most designs. For example, the basic

DC-0C boost converter
L1, 4.7 uH

+ (limcSeos)
+ (s soscors

Recommended Magnetics for
Austriamicrosystems AS1343

o Theess nesulls do not imply an eaesct match bo Your requinsments
= We recommend that vou request a free sample before an order is placed.

Sart results by 1) B

L OCR T Comparg
(uH)  |iChmE) 4% 1,000 T
MCSEI0-472 SM g 47 00500 194 B0  EOD

~ il - Got

31 240 wE 0O
EPLX14-472 ] ] 4T 020 088 13 10 200 140 0@ 0O
LES0S4T2 5 ] 4T 0000 12 1.2 a0 0 15 o4 0O

Figure 3: Inductor solutions found by IC/Inductor matching tool.

Company Part Number Vf lo Color Reference

Avago ASMT-MWO00 3.6 0.35 Cool white | www.avagotech.com
Cree XRCWHT-L1-0000-00601 35 0.35 Cool white | www.cree.com

Everlight EHP-AX08B/CT01H-P01 35 0.35 Cool white | www.everlight.com
Lite-on LOPL-EO11WA 3.8 0.35 white www.us.liteon.com
Osram LW-W5SM 3.2 0.35 White WWW.0sram-os.com
Philips Lumileds LXK2-PW12-S00 3.42 0.35 White www.philipslumileds.com
Seoul Semiconductor | W10190 3.5 0.35 Cool white | www.seoulsemicon.com

Table 1: Typical white LEDs
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Step 2 Specify converter parameters

Al Fodls mosl e comoined + W - __xlou;
27 Vin min. [Volts) ' '
42 WVin max. (Volls)
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142 Voul (Volis) Vin Vout
7 Wi (Volts) - : -

35 Loul max. (de Amps)
400 Freaquency (kHz)
Simplified SEPIC converier

[#6%]~] Max ripple current

Figure 4: SEPIC input screen.

Step 3 Review inductor requirements

Inductor 1 Inductor 2

11.50 L _mnin. (L) 1150 L mnin. () 050 Duty eyecle (min]
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Figure 5: Coupled inductor results.
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Figure 6: Standard coupled inductors.

operating parameters like those shown
in Table 1 are easily found from the
LED data sheets.

Most web sites from these
manufacturers provide a variety
of helpful application tips,
including lists of technology partners
to facilitate the integration of different
areas of expertise.

Starting with choice of driver
circuit topology

Using the LED specifications
provided by the manufacturers, and
depending on the available input
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voltages and the number of LEDs to
be driven, the engineer might prefer

to specify the driver topology: buck,
boost, buck-boost or SEPIC. The
Coilcraft LED Design Center can
quickly identify the correct inductor for
each of those.

For example, this tool can be used
in the selection of coupled inductors
for SEPIC converters to drive the
white LEDs shown in Table 1. Typically
these white LEDs are specified for
driving with forward currents of 350
mA, which can be supplied from a
single Li-ion battery, the typical power

Power Systems Design North America

source of handheld devices. The basic
requirements for driving a single one
of these might be as follows.

Fsw = 400kHz / Vin = 2.7 to 4.2Vdc
/Vo = 3.42Vdc / lo = 35mA

The challenge with this design is
to operate from as wide a voltage
range as possible in order to maximize
the battery life per charge. During
charging, the Li-ion cell voltage is
greater than the output voltage, while
at the end of the charge cycle the cell
voltage will be less than the desired
output. Therefore, neither a buck nor
boost regulator will be sufficient for
this purpose and so the increasingly
popular SEPIC topology is chosen.

The Coilcraft LED Design Center
includes coupled inductor selection for
SEPIC converters as shown in Figure
4. The SEPIC input screen requests
the input/output specifications, the
switching frequency and asks the user
to select the allowed ripple current.

For a SEPIC coupled inductor the
requirements for each winding must be
calculated separately to determine the
expected peak and average current,
which may differ between L1 and L2
depending on the operating conditions.
The Coilcraft tool calculates both L1
and L2 requirements and presents the
results as shown in figure 5.

The list of standard parts that meet
this requirement is then returned (as
shown in Figure 6), and the user is
allowed to choose, the most suitable
inductor for the application, depending
on the parameters of most interest.

It is always helpful to offer tools that
serve a wide range of experience and
expertise, and it is especially important
in a developing space that may draw
from previously unrelated industries
and applications. In the broad field
of LED lighting applications, such
a variety is being offered by an
increasing number of LED, IC, and
passive component suppliers.

www.COILCRAFT.com
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HB-LED Lighting

Solutions

llluminating the way forward

" ENERGY EFFICIENCY

The continuing evolution of LED-based lighting solutions has been driven by market factors such

as increasing optical efficiency, better color performance, maximized product life, reduction of

maintenance costs, and reduced environmental impacts.

By Troy Wu, Director, R&D Division, Everlight Electronics, Taipei, Taiwan

customers with the best service for

their new LED lighting and luminaire
products, Everlight Electronics has
invested more than five years in
developing high power LED emitters,
and is likely to be one of the
industry’s most important high power
LED suppliers. Besides high power
LED emitters, Everlight also develops
complete LED light engine solutions
which integrate the capabilities of LED
selections, mechanical designs, optical
design, thermal management, LED
driver design and assembly, to reduce
customer design time and costs.

I n order to provide lighting

High power LEDs

High power LED emitters are core
components for LED lighting fixtures
as their optical efficiency is a key
factor to determine the performance
of LED lighting fixtures. Currently, the
company can offer high power LEDs
with 90Im/W at 1W operation, and
expects to provide 100Im/W at 1W
operation in the second quarter of
20009.

Lumens per package is a key index
of high power LED packaging which
strongly influences the total cost of
LED lighting fixtures. Figure 1 shows
the roadmap of lumen output per LED
packaging of Everlight high power

www.powersystemsdesign.com
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) €C: 300im | £C:360m ) CC:400im
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(CC: Cool white, 6500K / WW: Warm white, 3000K)

Figure 1: The lumen output of Everlight high power LED packages.
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Figure 2: The concept of Everlight LED light engine solution.
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Figure 5: E-Skyline MI750.

Figure 3: SL-Dolphin street light.

LEDs. For example, 0.5W LEDs that
achieve 40lm at 6500K today are
expected to achieve 55Im in 2009
and 70Im in 2010. The expected
figures for 1, 3 and 5W LEDs with 90,
200 and 300Im respectively at 6500K
today are expected to offer 110, 250
and 360Im in 2009 and 150, 300, 400
Im in 2010.

LED lighting modules

In order to provide convenient LED
lighting solutions and reduce costs,
Everlight proposes and offers LED
light engine solutions which integrate
the capabilities of LED selections,
mechanical designs, optical design,
thermal management, LED driver
design and assembly. This means
one-stop shopping for LED lighting
customers from LED to a complete
module that saves both design time
and development costs. Figure 2

shows the concept of Everlight
LED light engine solutions.

Tilted Angla: 48"

Tilted Angglo: 38" Tilled Anglect’

LED light engine reference
models

Several standard LED light engine
models have been developed based
on indoor or outdoor applications.
Two examples serve as reference
designs and illustrate Everlight’s light
engine concept: the SL-Dolphin street
light and the E-Skyline MI750 high
efficiency linear luminaire.

Dolphin Street lamp

Figure 3 shows the photo of an SL-
Dolphin street light. Currently 60W,
90W, 120W are available for pole
heights up to 8m. The life time of the
LED module is L70>35,000hours,
a 3 year warranty is available. The
Dolphin street lamp is designed
for IP65 water and dust proof. The
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light distribution of SL-
Dolphin follows street
lighting regulations. As an
alternative to choosing the
complete SL-Dolphin fixture,
customers can select the
light source of the Dolphin
assembly, called Phoenix
(Fig. 4), for their own lighting
fixture housing design. The
Phoenix can also perform
IP65 water and dust proof
and L70>35.000 hours with

Figure 4: Designers can select the Dolphin light
source, Phoenix, for their own lighting fixture

housing design.
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a suitable heat dissipation
design based on the metal
housing.
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Figure 6: Mounting hinge for E-Skyline MI750.

E-Skyline MI750

Figure 5 shows the photo of the
linear lighting fixture E-Skyline MI750.
This is a high quality, high efficiency
linear luminaire suitable for indoor
decoration lighting and general lighting
applications. There are 3 types of
beam angle available: 15°, 60° and
120°. The power consumption of
E-skyline MI750 is 6W and an excellent
thermal management design can keep
the surface cool enough (under 50°C)
when is operated. The on-board driver
design allows for a serial connection
of 10 E-Skyline fixtures with only one
60W/24VDC power supply that can
easily be bought from the electric shop
next door, thereby reducing the power
supply costs. A tilt angle adjustable
hinge is designed to mount E-Skylines
as shown in Figure 6.

The future of the lighting systems
industry promises steady growth
as regions around the world adopt
more efficient and environmentally
friendly technologies. Regulation plays
its part, but it will be the economic
factors together with the quality of
electronic and mechanical innovations
that designers and manufacturers
can deliver, that will differentiate
companies in this market.

www.everlight.com
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Taking a Dim View

Solutions to simplify dimming of
fluorescent lamps

There is much in the news these days about LED lighting and the circuits developed to drive then.
Fluorescent lamps however, are still widely used and are energy efficient. The drawbacks in the past
have been the difficulties associated with adjusting the light output from these lamps. This article
looks at the requirements for dimming fluorescent lamps and highlights how a new generation of

control ICs can simplify future designs.

By Tom Ribarich, Director of Lighting Design, International Rectifier

esigners employ a variety
D of techniques to provide

users with the ability to
dim fluorescent lamps. Common
approaches include DALI (digitally
addressable lighting interface),
triac-based wall dimmers, power
line communication, 1VDC-10VDC
interfaces and even wireless control.
These all, however, require additional
wiring at the electronic ballast during
installation. Now new IC technologies

are set to remove the need for this
additional wiring and, therefore,
speed, simplify and reduce the cost of
dimmable fluorescent designs.

Driving and Dimming Fluorescent
Lamps

Fluorescent lamps require a
current to preheat the filaments,
a high voltage for ignition, and a
high-frequency AC current during
operation. An electronic ballast circuit

must first perform a low-frequency
AC-to-DC conversion at the input,
followed by a high-frequency DC-to-
AC conversion at the output.

Figure 1 shows a block diagram of
a ballast for such a lamp, including
a dimming circuit that combines a
dimming reference signal, a lamp
current sensing and feedback signal,
and a summing circuit for closed-loop
lamp current control.

EMI Filter

Rectifier Half-Bridge

Tank Circuit

AC Input

T
T

Y

Control
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B

| |
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Figure 1: Dimming electronic ballast block diagram.
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Figure 2: IRS2530D AC+DC dimming control method.

After passing through an EMI filter
to block switching noise, the AC
mains voltage is full-wave rectified
and then peak-charges a capacitor to
produce a smooth DC bus voltage.
The DC bus voltage is then converted
into a high-frequency, 50% duty-

cycle, AC square-wave voltage using
a standard half-bridge switching
circuit. The high-frequency AC
square-wave voltage then drives the
resonant tank circuit to produce a
filtered sinusoidal current and voltage
at the lamp.

During operation the resonant tank,
which is a series-LC circuit with a high
Q-factor during the pre-ignition phase,
becomes a series-L, parallel-RC circuit
with a Q-factor somewhere between
a high and low value depending on
the lamp dimming level. When the
CFL is first turned on, the control IC
sweeps the half-bridge frequency
from the maximum frequency towards
the resonance frequency of the
high-Q ballast output stage. The
lamp filaments are preheated as the
frequency decreases and the lamp
voltage and load current increase. As
the frequency decreases the voltage
rises and the lamp ignites when lamp
ignition voltage threshold is reached.
Lamp current is then controlled to
maintain the correct power and
brightness level.

Increasing the frequency of the half-
bridge reduces resonant tank circuit
gain, leading to decreased lamp
current and, therefore, lamp dimming.
The closed-loop feedback circuit
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Figure 3: Schematic of quad-level dimming circuit.
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measures the lamp current
and continuously adjusts
the half-bridge frequency to
regulate it to the dimming
reference level.

Control IC CRES

Choice of control IC for a
dimming application is clearly
important and International
Rectifier’s IRS2530D provides
a good example of the

Lamp Output LRES

IRS25300

Micro-Contraller

duty-cycle modes of 100%,
66%, 33% and 10%. Highest
brightness level is achieved
with the highest duty cycle.

Pin 6 of the control IC is
connected to the AC line input
voltage through a fast delay
circuit, which is used to detect
fast on/off cycles of the AC

Input line input. When the AC line

is switched off the IC - which

current state of play. This
device incorporates all of the
functions to preheat and ignite
the lamp, and a variety of protection
against fault conditions such as open
filament failures, lamp non-strike and
mains brown-out.

Figure 2 shows how the AC lamp
current measurement across the
sensing resistor RCS is coupled onto
the DC dimming reference through a
feedback capacitor CFB and resistor
RFB. This allows the dimming function
to be realized by combining the AC
lamp current measurement with the
DC reference voltage at a single node.
The IC’s feedback circuit continuously
adjusts the half-bridge frequency so
as to regulate the valley of the AC+DC
signal to COM as the DC dimming
level is increased or decreased. This
causes lamp current to increase or
decrease for dimming.

Quad-Level Dimming

Now let’s consider how a device
such as the IRS2530D can be used to
implement a four-level dimming design
that will help to reduce the problem
of additional ballast wiring mentioned
earlier.

Figure 3 shows a schematic of the
quad-level switch dim ballast design
that combines an EMI filter, a full-
bridge rectifier and smoothing DC bus
capacitor, the IRS2530D “DIM8™”
dimming control IC, a switching half-
bridge and resonant tank circuit to
preheat, ignite and run the lamp. In
this design a microcontroller is used to
set and store the dimming level, and a

www.powersystemsdesign.com

Figure 4: Quad-level fluorescent dimmer reference design.

pulse detection circuit to detect when
the AC input voltage turns on and off.

The lamp arc current is detected
through RCS after ignition and
coupled onto a DC reference voltage
to provide an AC signal with a DC
offset at the DIM pin of the IRS2530D.
During DIM mode, the IRS2530D
adjusts the oscillator frequency in
order to maintain the amplitude of this
feedback signal and control the lamp
current for dimming. The frequency
of the HO and LO gate driver outputs
is set by the voltage at the VCO pin
of the IRS2530D and the Capacitor
CPH is used to program the frequency
sweep time for preheat and ignition of
the lamp.

At turn-on, the voltage at the VCO
pin will ramp up from OV causing
the frequency to decrease from
the maximum frequency down to
the minimum frequency. As the
frequency continues to fall towards
the resonance frequency of the tank
circuit, the lamp voltage increases
until the lamp ignites. The lamp arc
current begins to flow and a feedback
signal is produced at the current sense
resistor RCS. If ignition fails then the
IRS2530D will shut down, going into a
low VCC current fault mode.

The DC dimming reference at the
DIM pin is derived from an RC-filtered
square wave voltage generated by the
microcontroller. This microcontroller
controls the four dim levels by using a
fixed frequency signal at four separate

can continue to run for more
than one second after removal
of the AC line thanks to the
VDD supply capacitor - detects this
and starts a timer. Restoring power
within one second reduces the output
square-wave duty-cycle and, therefore,
the dimming by one step (unless the
dimming level is already at minimum
then it cycles back to maximum). If
the AC line is removed for more than
one second, the dimming level will not
change. After the supply capacitor
has discharged below the minimum
operating voltage of the control IC the
microcontroller will shut off.

Summary

Implementing a ballast circuit
based on the IRS2530D dimming
control IC, a microcontroller and a
pulse detection circuit as described
above provides an elegant solution
for delivering four different levels
of brightness by sensing the on/off
switching of the AC mains voltage.
The IC itself incorporates complete
ballast control, dimming feedback loop
and fault protection, simplifying overall
design and leaving the engineer free
to concentrate on other aspects of the
design.

To help designers evaluate and
implement quad-level dimming
solutions as described here,
International rectifier is offering a
complete reference design (Figure 4)
based on a two-layer PCB with small
form factor that is suitable for driving a
26W fluorescent lamp.

www.irf.com
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Backlighting
for Optimized Color

RGB LED driver solution

In order to obtain the best color display in mid-size TFT screens, such as in the popular 7-inch photo
frames, RGB LED backlight provides an ideal solution. Using RGB LED backlighting, it is possible to
obtain a better NTSC color gamut range, realistic to the human eye. This article discusses the RGB

LED driver circuit and outlines a complete RGB LED solution.

By Man Lau, Senior Application Engineer, National Semiconductor, Hong Kong

ince the LCD display is unable
Sto emit light by itself, it must

rely on backlight for projecting
the colorful images onto the screen.
Traditionally, CCFL has been widely
used as a light source, but there is
now a powerful move towards the use
of LEDs with more and more electronic
products offering built-in LCD displays
illuminated by LED backlights.

Simple, low-end products use white
LEDs while higher quality models
use RGB LEDs. The white LED is
basically a blue LED with a coating of
phosphorus which enables the blue
light to be converted into red, green
and blue lights. If the lights are mixed
in the correct proportions, they will be
seen by the human eye as white light.
Although the circuit design for white
LED applications is simple, the color
gamut is much more limited than that
offered by RGB LEDs.

Basically, white LEDs and CCFL
do not differ greatly in terms of color
gamut. However, since LEDs offer
the added advantages of higher
performance, longer life and simpler
circuit design, they have a competitive
edge over CCFL and hence have a
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Figure 1: Color gamut of NTSC.

wider variety of applications. Handheld
products are a typical example.

Figure 1 shows the color gamut
of CCFL and RGB LED backlighting
systems. The advantages of RGB LED
backlighting are obvious, especially

Power Systems Design North America

when it comes to applications that are
demanding in terms of color accuracy,
such as electronic photo frames,

which require a full-range color gamut.

Color correction is another important
feature. The inherent nature of RGB
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Figure 2: Block diagram of the expanded LP5520 RGB LED driver circuit.

LEDs enables the user to exercise
control over many aspects of the LEDs.
The fine shades of a wide range of
colors can be easily adjusted making
design much more straightforward

as individual preferences can be
accommodated.

Reference design

National Semiconductor’s LP5520
is an RGB LED driver for backlighting
systems of small LCDs. Capable of
driving four to 4 ~ 5 RGB LEDs, it is
able to meet the backlighting needs
of a typical small-size LCD display.
Details of the specifications of the
LP5520 driver are provided in the data
sheet. A typical medium-size photo
frame is normally 7-inch in size. For
a display of this size, its backlighting
system requires more than 15 RGB
LEDs. In order to take full advantage
of the color correction capability and
driving power of the LP5520 driver,
its typical circuit design has been
modified. For example, the LM5000
or LM2735 DC-DC step-up converter
and current mirror circuitry are added
for higher number of LED application,
which enables the entire circuit to
drive 15 RGB LEDs. This ensures that
the driving current flowing through
various strings of RGB LEDs and the
driving current provided by LP5520
will remain steady and constant,
with no difference between them.
Figure 2 is the block diagram of the
demonstration circuit.

The LM94023 is an analog
temperature sensor. It sends all
temperature data back to the LP5520
driver. After receiving the temperature

www.powersystemsdesign.com

data, the LP5520 driver checks

with the EEPROM for the corrected,
temperature-compensated PWM
values and based on the compensated
values, drive the R, G and B LEDs
respectively. This will then ensure that
the RGB LEDs emit truly white lights.

Calibration of RGB LEDs

In order to emit truly white light,
all RGB LEDs must undergo precise
calibration. The RGB LED can only
emit white light when the intensity
of the red, green and blue lights
(primary colors) is at the correct
level. The intensity of light of each
color will vary with the change of
temperature while their respective
wavelengths, especially that of red
light, will also vary with temperature

changes. In order to maintain the
same light intensity throughout, white
balance should be compensated very
accurately.

The LP5520 driver allows the
respective changes in intensity and
wavelength to be compensated
according to the values provided by
the typical intensity versus temperature
function of the RGB LED. Throughout
the process of correction, the PWM
value determines the intensity of light
of a particular color.

Since all LEDs undergo adjustments
during production, any slight difference
between various parts can be ignored
and because room temperature is in
the center of the temperature range,
the sample performs best at this
temperature. As the temperature
moves towards the two extremes,
the difference in color will be more
apparent. Figure 3 shows the block
diagram of the correction circuit.

Specific correction steps:

1) Switch to the Manual Operation
Mode of the circuit and set the LED
current. The LED of each color may
have a different current and this means

Temperature Chamber
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Figure 3: Block diagram of correction circuit.
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Figure 4: Correction and measurements of sample.

setting the PWM value. Theoretically,
in the highest temperature range,
the PWM mode operates at its peak
duty cycle. In practice, however, the
difference in the magnitude of the
current must not exceed 50%.

program will then ensure that the PWM
values of all LEDs be re-set until the
white light emitted meets specific
color requirements. In order to ensure
the highest degree of precision for all
measurements, the amplitude of the
highest frequencies measured by an
optical attenuator on an almost full-
range basis is then adjusted.

2) Set the first temperature point
(the highest temperature that can be
measured - it should be slightly higher
than 100°C). 4) Change the temperature to the
next measurement point (5°C lower).

A new PWM value is then used while
white balance is maintained throughout
by the software program. Once the
temperature reaches the pre-set point,
the PWM value of each LED is then
stored. (The lowest temperature point
used is slightly lower than -40°C, with
every 5°C taken as one step change.

3) For the intensity of the blue light,
a default value may be used (e.g. 1500
should be used for 4096 on the scale -
this depends on the type of RGB LED
used). In order to take full advantage
of the PWM range, the PWM value of
red light at high temperatures should
be around OxFQ0 (3840). The software

The hot box used takes about an
hour to cool down from its highest
temperature to its lowest.)

5) Based on the measured values, a
curve is then plotted (Figure 4).

Conclusion

The use of an internal correction
memory enables the designer to use
the LP5520 driver conveniently to
control the RGB LED and ensure that it
will produce a truly white light across a
wide temperature range. This will then
enable the LCD monitor to display the
best possible images on the screen.
In addition, the end-user may also
adjust the LCD display according to
individual preferences.

www.national.com
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Digital Power Eases
Designer’s Burden

DC-DC conversion with Auto-control™

Regulation of supply rails, from a control perspective is traditionally the domain of analog integrated

circuits. But current trends in power conversion are moving the industry to smaller and more

efficient power architectures. The requirement to intelligently manage the multiple power rails under

these constraints of space and efficiency is driving the industry towards research, development and

adoption of digital power control and power management solutions.
By Anthony Kelly Ph.D. MBA, VP Digital Control, Powervation, Limerick, Ireland

The economics of IC design
support the adoption of digital
power control because the

cost reduction of digital circuits is
more rapid over time, leading to cost
parity of digital and analog power
control ICs, with digital solutions
ultimately being cheaper. Factoring

in the requirement for advanced
power management, which is a digital
function, the economics of IC design
point to increased demand for digital
power controllers and therefore they
are expected to be a very significant
proportion of the market (greater than
40%) by 2011.

Taken together, these trends indicate
that there is significant potential for
the development of power control
technologies which harness uniquely
digital techniques in order to deliver
improvements in power system
design. Indeed, such improvements
have been looked forward to for some
time. Now it is time to deliver.

We will examine DC-DC conversion
from a control perspective, introducing
key differences compared to analog
techniques, looking at key control
issues such as robustness and finally
introducing truly adaptive Auto-
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controlTM technology which uses digital
processing to deliver improved control.

Overview of Digital Power Control

Figure 1 illustrates a typical digital
DC-DC converter, comprising of the
power stage, output voltage Vqur (Y)
sampling ADC, digital error amplifier /
compensator, and digital Pulse-Width-
Modulation (PWM).

There are several differences

e}
S

Figure 1: Typical Digital DC-DC
Converter.

dTs

DOl

Figure 2: Representation of a
feedback control system.

between analog and digital DC-
DC converters, some of the most
significant are:

a) The output voltage (y) as seen
by the control loop is quantized
in voltage. This means the output
voltage is known to the resolution and
accuracy of the ADC.

b) The output voltage is sampled in
time and therefore is only known at the
sampling instants.

c¢) The Digital Pulse-Width-
Modulation (DPWM) is quantized in
time and therefore discrete quantized
pulse widths are available. The
interaction between the DPWM'’s
quantized levels and those of the ADC
can result in limit cycling whereby the
DPWM'’s pulse width never settles to
a steady state. This results in a limit-
cycle on VOUT, the amplitude of which
is dependent on several factors and is
a function of the DPWM’s resolution.

d) The ADC requires some time to
convert the VOUT reading into a digital
value, adding to delay in the loop.

e) The compensator adds to the loop
delay because it requires some time to
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compute the duty-cycle following each
ADC reading.

The delays inherent in a digital PWM
control loop place a bound on the
achievable control bandwidth which
in turn affects the control response
and therefore the deviation in the
transient response to a load current
step. The maximum control bandwidth
achievable when a control loop has a
delay of Td is approximately:

1
fmax ~ 2an

Intuitively this makes sense;
the control loop cannot react to
a disturbance until the ADC has
measured it and the controller has
calculated a response. In the meantime
the output voltage will continue on its
trajectory giving a minimum achievable
voltage deviation to the load transient
and equivalently, a maximum
achievable control bandwidth.

This means that in a typical digital
DC-DC converter where the ADC
sample rate is the same as the
switching frequency, and there is a
one cycle delay from ADC sample
to DPWM update the maximum
achievable control bandwidth is:

S
fmax 2’}'[

In reality the delay inherent in PWM
modulation must also be taken into
account, reducing the maximum
achievable bandwidth even further.

Clearly the transport delay is an
important figure of merit for a digital
DC-DC converter. It is as low as 400ns
for Powervation’s technology.

The Role of Control

Consider the controller depicted
in Figure 2 where the compensator
and plant are represented by C and
G respectively. The role of control
is to ensure the output (y), tracks
the reference (r), in the presence
of a) unknown disturbances and b)

www.powersystemsdesign.com

uncertainty regarding the parameters
(or structure) of the power stage.
Feedback control facilitates this
through high loop gain.

However, the gain must roll-off at
high frequencies in any physically
realisable system. This is illustrated
in Figure 3, where the loop gain is
shown as CG. As CG rolls off we can
see there are conflicting requirements
between loop stability and robustness.
For example, to ensure that the loop
is insensitive to a high degree of plant
uncertainty requires high loop gain
up to a high bandwidth. However,
the loop gain must roll-off at high
frequencies in order to ensure loop
stability, with lower bandwidth systems
being more stable. Therefore there
is a fundamental trade-off between
loop stability and robustness versus
uncertainty regarding the power stage.
In practice control loops are designed

Special Report - Digital Power

with lower bandwidths so they are
stable despite plant uncertainty.
Robustness is achieved by ensuring a
high phase margin.

Robustness

Loop phase margins, gain margins
and crossover frequencies are
typically designed conservatively when
robustness is considered in physical
systems. This comes about because
the control loop is particularly sensitive
to inaccuracies in the dynamic
modelling of the power stage as the
loop gain rolls off and crosses 0dB.

We can view phase-margin as a
measure of robustness against delay
uncertainty at the 0dB crossover
frequency, i.e. high phase margin
systems can tolerate more uncertainty
in loop delay without being unstable.
The amount of additional delay a loop
can tolerate (Tmax), for a given phase

Improved
Robustness to
Plont Variation

Lower Conirol
Bondwidth

oG
T=
1+CG
T ==
5= Higher Cantral
Bandwidth

Degraded
Stability

fa f

Figure 3: Conflicting requirements of Sensitivity and Robustness as the Loop

Gain (CG) rolls off versus frequency.

Controller design

Plant parameter

| estimation |
Controller
Command parameiers
ulgrwl L o
Controller # Plant ul:put
Figure 4: Typical adaptive self-tuning regulator.
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Figure 5: (a) Varying load step response as L and C vary in a DC-DC converter;
(b) Improved robustness to variation when controlled with Powervation’s Auto-

controlTM technology.

margin (PM, in radians) and crossover
frequency (wc in rad/s) is given by:

_PM
®

c

T

max

Therefore, loops with higher phase
margin or lower crossover frequency
are more robust against uncertainty in
loop delay. Similarly we can view gain-
margin as a measure of robustness
against gain uncertainty at crossover,
i.e. high gain margin systems can
tolerate more uncertainty in gain at
crossover without being unstable.

Adaptive Control
A typical adaptive control system
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is illustrated in Figure 4, whereby the
parameters of the plant are estimated
by the ‘plant parameter estimation’
block and the controller is designed
on-the-fly by the ‘controller design’
block to meet some pre-determined
requirements such as closed loop pole
locations.

One of the main advantages
of adaptive control is that plant
uncertainty is reduced by the
parametric estimation. As the
uncertainty in the control system is
reduced it becomes more robust, and
the limitations on control performance
to achieve robustness are relaxed. As
such the loop can maintain high gain
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up to as high a bandwidth as stability
will allow.

Traditionally gain and phase margins
are chosen to yield a compromise
between performance and stability.

By using adaptive control high gain
margins and high phase margins are
not required in order to ensure loop
stability. Therefore, higher performance
control is possible.

Powervation has developed Auto-
controlTM technology which brings
true adaptive control to DC-DC
conversion for the first time. The
benefits of Auto-control such as
improved robustness, maximum
performance and ease of design
are all made available through this
technology.

Figure 5 illustrates the improved
robustness compared to a fixed
controller which is achieved
automatically with Auto-controlTM.

Summary

As trends in power conversion
move the industry towards power
architectures which are smaller and
more efficient, the requirement to
intelligently manage the multiple power
rails under these constraints of space
and efficiency is driving the industry
towards the adoption of digital power
control and power management
solutions. There is significant potential
for the development of power control
technologies which harness uniquely
digital techniques in order to deliver
improvements in power system design.
Using traditional control techniques
gain and phase margins are chosen
to yield a compromise between
performance and stability. By using
Auto-controlTM, high gain margins and
high phase margins are not required
in order to ensure loop stability.
Therefore, higher performance control
can be achieved and unprecedented
ease of use can be delivered as
designers are freed from the burden of
loop compensation.

www.powervation.com
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Implementation with
Digital Techniques

Revolutionizes DC-DC converter design

The need for high power together with high availability for telecom and other demanding
applications drives designers to adopt distributed power architectures that partition subsystems to

spread the power load and accommodate redundant elements. Such systems typically comprise
one or more ac-dc front-ends that isolate and convert utility power to an intermediate dc level. Each

system board carries at least one intermediate bus converter (IBC) that isolates and down-converts

this distribution voltage to a local level that suits down-conversion by point-of-load (PoL) regulators.

By Patrick Le Fevre, Director Marketing & Communications, Ericsson Power Modules

he IBC is a crucial system
I element that is especially

challenging to design. As well
as tolerating worst-case voltage
step-down ratios of 8:1 or more,
the cascade nature of multiple high-
current step-down stages makes
conversion efficiency and power
density crucially important factors.
Minimizing conversion losses directly
translates into lower energy costs
within the converter and the cooling
system, while the ability to handle
high-power loads reduces the number
of IBCs that are required. In addition,
today’s intelligent power-management
strategies increasingly demand that
the IBC has full system connectivity
using the industry-standard PMBus
protocols. Figure 1 shows an example
board with two current-sharing IBCs
and three PoLs running under the
supervision of a power-system host
via a PMBus interface.

The combination of electrical

www.powersystemsdesign.com

performance and embedded control
requirements led Ericsson to consider
a digital approach to power-converter
design that culminated in its BMR453
quarter-brick module. By comparison
with the company’s PKM4304BI

module that uses analogue control,
substituting a digital core results in as
much as 2% efficiency improvement
and approximately 5% greater power-
handling capacity. Moreover, the
BMR453’s digital core includes a

Figure1: Example board with two current-sharing IBCs and three PoLs.
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Figure 2: Comparing the BMR453 with its analog predecessor, the digital
converter achieves 96% or better efficiency from about 3A upwards for a 48V
input, and reduces losses at high input voltages by more than 2%.

PMBus interface that integrates an
unprecedented level of control and
monitoring functions.

Adaptive operation maximizes
efficiency

A prime advantage that a digital
core offers is the ability to adapt to
input-line and output-load conditions
to optimize converter efficiency
across the widest possible range of
operating conditions. For instance, a
digital core can vary the dead-time
between a buck converter’s upper
and lower MOSFETs switching; by
comparison, passive components
establish the timing constants within
an analog control loop, which are
then fixed. While it is essential to
prevent the upper and lower MOSFETs
simultaneously conducting, it’s also
desirable to minimize the dead-time
period during which the lower MOSFET
is off and a relatively inefficient
Schottky freewheeling diode conducts.
Some literature claims as much as
5% efficiency improvement due to
this adaptive ability, but with highly-
developed converters such as the
PKM4304BI, Ericsson’s experience is
that 1% - 1.5% is more realistic.

The BMR453’s full-bridge converter

uses four n-channel MOSFETs to
switch the primary winding of a centre-

42

tapped transformer that determines
the basic step-down factor and
provides 1.5 kV of galvanic isolation
to meet EN60950 requirements - see
figure 3.

The control block continuously
varies the duty cycle of the pulse-
width-modulation (PWM) stream
that controls the MOSFET drivers to
maintain constant output voltage.
The core of the control block is a

digital synchronous buck converter IC
that achieves 175 psec resolution at
switching frequencies of up to TMHz.
A set of constants determines the
response of a proportional-integral-
derivative (PID) filter that compensates
the control loop - see figure 4.

This process is the digital equivalent
of setting poles and zeros using
capacitors and resistors in an analogue
converter. Crucially however, Ericsson’s
firmware can adjust the digital constants
on-the-fly to compensate for varying line
and load conditions—and unlike analog
components, digital values do not drift
with time and temperature. In addition
to controlling the dynamics of inner-
loop operation and performing house-
keeping duties, the firmware also allows
the end-user control of key parameters
such as output voltage, which can range
between 8.1 — 13.2V. One application is
to optimize conversion efficiency for the
IBC and the PoLs that follow.

At the transformer’s secondary,
six n-channel MOSFETs perform
synchronous rectification. Their gate
drivers operate in inverting mode to
avoid pulling down the output rail
during converter initialization if a pre-
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Figure 3: The underlying topology that achieves these results consists of a
full-bridge converter, where two pairs of MOSFETs hard-switch the primary

winding of a centre-tapped transformer.
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Figure 4: A set of constants determines the response of a proportional-integral-
derivative (PID) filter that compensates the control loops.

bias voltage is present. The default
switching frequency is 140kHz, which
minimizes gate-charge losses and
eases filter design - a simple external
LC filter enables the converter to meet
the class-B requirements of EN 55022,
CISPR 22, and FCC part 15J. Clock
synchronization logic allows users to
lock the switching frequency to an
external reference, or to ensure that
multiple converters operate at exactly
the same frequency. Users can also
adjust the switching frequency via
PMBus commands within a useful
range of about +10kHz. These features
ease filtering in some situations.

Secondary-side control
tightens regulation

One major architectural difference
between the BMR453 and the
analogue PKM4304B] is the
relocation of the control circuitry to
the secondary side. This strategy
requires precise secondary-to-
primary side gate-driver signal control
across an isolation barrier, together
with a primary-side auxiliary supply
for the driver stage. The transformer
that couples drive-control signals
is a proprietary design that uses a
trifilar winding to minimize leakage
inductance. Low-capacitance diodes
peak-rectify these control signals prior
to amplification by the high-side gate-
drivers. A flyback circuit that includes
its own start-up logic, power switch,
and under/over-voltage lock-out

www.powersystemsdesign.com

functions forms the auxiliary supply.
These changes tighten the +4%, -9%
voltage regulation that’s typical of
competing analogue converters to +
2% with no degradation to noise or
transient response.

Numerous additional design
features help the BMR453 achieve
its electrical performance while
assuring a calculated mean-time-to-
failure period of 1.1 million hours. For
example, the transformer and output-
filter inductors are proprietary planar
designs that maximize magnetic
flux to constrain their footprints to
approximately 23.0x15.3x9.7mm. As
figure 5 shows, these parts utilize
through-board mounting to help
facilitate the converter’s quarter-brick
format.

Also, the converter dispenses with
failure-prone electrolytics in favour of
chip capacitors, while the twelve-layer,

Figure 5: Innovative through-
board mounting helps facilitate the
converter’s quarter-brick format.

3-mm thick PCB carries extensive
copper areas with thermal vias and
microvias aiding heat dispersal.

A baseplate option is available to
maximise thermal conductivity.

Ease-of-use is paramount

By slashing component count,
digital control lowers cost-of-
ownership while supporting traditional
analogue functions such as remote
sensing and protection mechanisms.
In addition, the BMR453 has an
active current sharing facility that
ensures equal load-current distribution
between modules operating in parallel,
making it easy to implement load-
sharing or redundancy schemes—
no OR-ing diodes or MOSFETs are
necessary, greatly improving efficiency
in parallel operation. Furthermore,
digital supervision and control makes
it possible to enable and disable
paralleled converters to maximize
conversion efficiency for loads that
one converter can supply

But from the user’s viewpoint, the
digital core’s major advantage is
easy integration with digital power-
management schemes that require
additional support circuitry when using
an analog converter. Compatible with
any standard two-wire 12C or SMBus
hardware, the BMR453’s PMBus
interface allows users to set numerous
operating characteristics, including
soft-start ramp times and voltage
margining thresholds. A system
controller can interrogate the module
to extract a wealth of data such as
input and output voltages, output
current, internal junction temperatures,
switching frequency, and duty cycle.
For evaluation and development,
Ericsson’s CMM software provides a
graphical user interface that allows
users to “see inside” the running
converter. An evaluation kit is available
with a board, operating manual, a CD
that includes the GUI, and cabling.

www.ericsson.com
www.ericsson.mobi
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system level advantages. Enough has been discussed about the advantages of interleaved PFC; in

T

he interleaving of PFC converters
using analog controllers requires
very sophisticated ICs that are
dedicated for this purpose because

By Vipin Bothra, Application Manager and Robert Ortmanns,

Application Engineer, STMicroelectronics.

of multiple loops within the system. A
system based on analog controllers
is forced to achieve a balance
between complexity of the system

this article we will focus on a comparison of the analog approach to the digital approach.

and flexibility for adoption to various
application needs. On the other
hand, using an MCU to manage the
feedback loop and management of

Power Supply
+15 +3.3

ADC - VIN|

STM32F103 Daughter
Board

VDD, VSS

S-+33V

A

PB8 PB5

PB10, PB11, PB13, PB15
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PA13, PA14, PA15

INTERRUPT

I/P - USART3-Tx, Rx, CTS, RTS

170 - JTAG I I

ZZiip-Protection Indicator | === o te Off

JTAG CONN. | RS232 CONN.

Figure 2: Component level block diagram.

peripheral functions provides utmost
flexibility with only a slight increase in
complexity.

efficiency is optimized to the highest
level and the efficiency curve can be
flattened. Also, when demand for power
is less than a certain threshold, one

An MCU-based system also allows
management of other functions
in the SMPS that are beyond the
realm of PFC, such as inrush current

Current Digital approach has two different or more phases can be shut down to control and communication with the
__>| ADC3 — Q2 CURR. |—> Balance _— meanings. One is the management improve low load efficiency. external world. A simple and cost-
Detection of peripheral functions, which is effective inrush current control can
commonly referred to as “digital The cost of power components be implemented by using a resistor to
management”, and the other is such as magnetics, MOSFETs and limit the inrush current at start-up and
m '\\//'il;'t;\f/r;g " feedback loop control, which is diodes, in higher power SMPS, is then jumping the resistor out by means
2 called “digital control.” Digital control significantly higher compared to the of a relay. A thermistor in contact with

Error Voltage
-—> Compensator

v

Error Current
Compensator PWM

A

f

. *

Signal

Conditioning

TIMER 1 Gate

Figure 1: Functional block diagram.
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compared to analog control (of a
feedback loop) does not really offer
huge advantages; it is the combination
of a digital control loop with digital
management that creates a value

and report the input power. The same
input power measurement data can also
be used internally to alter and optimize
output voltage and switching frequency.
Hence, with MCU-based converters,

www.powersystemsdesign.com

cost of controllers. Hence, any saving
in power components is easily paid
off even if it requires higher cost in
control components. Design for short
circuit, power-up and power-down

help of the fuzzy logic of MCUs, it is
very easy to implement timing and
controls to minimize this over-design
and reduce the overall cost of the
system.

the resistor can be used to detect relay
failures and prevent false startups of
the circuit.

One or more thermistors in contact

C:?\,CO _ | ADC4 - IFD | that is more than a complete analog sequencing sometimes stresses power  with major power components can be

v . A CER 4 e system. compqnents beyonq their normal used to sense 'internal temperatures of

w Vin = Iy e operating level leading to the over- the system which can then be reported
Avrgh2 MCU-based converters can measure  design of such components. With the  to the external world. Moreover, the

same information can be used to
implement a precise fan speed control
system by means of a simple lookup
table. With digital control it is very
easy to set boundary conditions to set
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operating limits for the converter and
reduce waste of over designing in the
system for taking care of abnormal
operating conditions. An MCU-based
system also reduces variations in the
control module from one platform

to another platform, compared with
their analog counterparts, reducing
engineering development time of
future projects.

A functional block diagram of a
typical interleaved PFC circuit with 2
phases based on ST’s STM32F103
MCU is shown in figure 1.

Output of the system is a gate drive
signal for the MOSFETs of the two
phases of the interleaved converter.
Inputs to the system, from the external
world, are Voltage reference (V,o),
Output voltage (V,.,), and AC input
voltage (AC in). Internally generated

inputs to the digital control loop

are Input AC current (Isense input),
Instantaneous current of phase 1
(Isense 1), and Instantaneous current
of phase 2 (Isense 2).

The block diagram shows the three
critical inputs used in the control
blocks of the PFC circuit. These three
inputs include voltage on ADCO, the
boost output voltage on ADC2, and
the current feedback signal on ADC4.
The measured input voltage is used
in two control functions: the first one
is used as one of the inputs of the
multiply calculation that along with
the error term is used to shape the
current waveform. The second one is
used to determine the average input
voltage used in figuring the maximum
allowable current so that the maximum
allowable power can be kept constant
as the input voltage range changes.

The output

voltage is

“ex"" Power Modules
for 500W to 50kW
Solar Inverters

Widest Selection of Standard Inverter Modules
Custom Modules Available

sensed by

an ADC and
compared to
a numerical
constant in
the code.
Based on that,
an error term
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input voltage,
a current
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(Iref in the
diagram) is
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and is used
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to program the current compensator.
The current compensator uses the
last critical input, which is the current
feedback level converted on ADCA4.
Implemented as a PID loop, the
current compensator uses the Iref level
as the set point and the ADC4 level
as the process variable. The output of
the loop programs the duty cycle of
the MOSFET switches via peripheral
timers one and four.

The inputs ADC2 and ADC3
measure the currents flowing in the
boost MOSFETs of the two phases.
With both converters being fed from
the same voltage source, having equal
value inductors and driven with the
same value duty cycles, the average
currents in the two phases share the
output current almost equally. The
measured values are compared relative
to each other and if there is a large
difference between the two currents,
indicating trouble, the outputs are shut
down and an error is reported via the
communications link.

A test board based on ST’s
STM32F103 was designed to run
at the 100W power level, 100 KHz
switching frequency, with universal
input range, and an output voltage
of 400V. Because the timers of the
STMB32 can be triggered from one to
the next with a precise time offset, it
is possible to do interleaving, with as
many phases as needed, limited by the
number of timers on the device. Our
testing showed good efficiency even
with the overhead of start-up power
regulators needed to boot up the MCU
first. Based on the design value of
power components, including boost
capacitor, we see a significant cost
saving at a typical power of 1000W.

May/June 2009

Special Rep

ort — Digital Power

gy;ﬁl.ireen

" ENERGY EFFICIENCY

Designing for High
Efficiency

Selecting the right topology for
energy-saving power supplies

Initiatives to reduce energy wastage by electronic systems are forcing designers of single-phase

AC input power supplies to use newer power supply technologies. For higher power levels, these

initiatives call for efficiency levels of 87% and above. Traditional power supply topologies such as

the standard flyback and the two-switch forward do not support these high efficiency levels and are
gradually being replaced by soft-switching, resonant and quasi-resonant topologies.

By Jon Harper, Market Development Manager, Power Conversion & Industrial Systems,

Principle of Operation

Figure 1 shows the voltage and
current waveforms seen on the
switches used in three different
topologies: the quasi-resonant flyback
topology, the LLC resonant topology
and the asymmetric half-bridge
topology which uses soft-switching
techniques.

All three topologies use different
techniques to reduce the turn-on
losses of the MOSFETs. The turn on
losses are given by:

Primontoss = EVDS[D “ton Ssw +

1 2
3 CossefVps™* fsw

where ID is the drain current im-
mediately after turn on, VDS is the
voltage across the switch, COSSeff is
the effective value of the output ca-
pacitance including stray capacitance
effects, tON is the turn-on time and
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Fairchild Semiconductor Europe

fSW is the switching frequency.

Figure 1 shows that the MOSFET in
the quasi-resonant topology will have
a zero drain current immediately after
turn on, as the converter operates
in discontinuous conduction mode.
The switching losses are therefore
determined by the voltage at the turn
on time and the switching frequency.
The quasi-resonant converter turns on
the MOSFET at one of the minima in
the drain voltage to reduce switching
losses. This means that the frequency
of switching is not constant: at lighter
loads the first minimum on the drain
voltage will come earlier. In older
designs which always switched on
the first minimum, the efficiency
suffered at light loads as the switching
frequency increased, offsetting the
benefit of switching on at a lower
voltage. In Fairchild Semiconductor’s
e-Series™ quasi-resonant power
switches, the controller waits for a
minimum time (therefore setting an

upper limit on the frequency) and
then turns on the MOSFET at the next
minimum.

The other topologies use zero
voltage switching. In this case, the
voltage VDS in the above equation
is reduced from the bus voltage,
typically around 400V, to around 1V.
This effectively removes the turn
on switching losses. Zero voltage
switching is achieved by forcing a
current to flow through the MOSFET in
a reverse direction through the body
diode, then turning on the MOSFET.
The voltage drop of the diode is
typically around 1V.

Resonant converters achieve zero
voltage switching by generating
a sinusoidal current waveform
which lags the phase of the voltage
waveform. This is achieved by
applying a square wave voltage to a
resonant network. The fundamental
frequency component of the voltage
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Quasi-Resonant Flyback
-variable duty cycle
-variable frequency
-one MOSFET

-unipolar magnetization

MOSFET is switched on

LLC Resonant Converter
-fixed duty cycle (50%)
-variable frequency
-two MOSFETs

-bipolar magnetization

Output diode current
N VDS drops to zero " VDS 4 vDS
l Veus + nVo
Slope changes when primary side
Vaus /\ /'\ is coupled back to the secondary side
4 Tﬁ"d valley
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A A A
ID ID I D i
t t t
Body diodes conduct until

Asymmetric Half-Bridge
-variable duty cycle
-fixed frequency

-two MOSFETs

-bipolar magnetization

Figure 1: Comparison of quasi-resonant, LLC and asymmetric half-bridge topologies.

forces a sinusoidal current to flow (the
higher order components can generally
be ignored). Above resonance, the
current lags the voltage, permitting
zero voltage switching. The output of
the resonant network is rectified to
provide a DC output voltage. The most
popular resonant network consists

of a transformer with a specific
magnetizing inductance, an additional
inductor and a capacitor, hence the
name LLC.

Asymmetric half-bridge converters
achieve zero voltage switching by
using a soft-switching technique.
Here the voltage generated by the
bridge is a rectangular waveform
with a duty cycle of well under 50%.
A coupling capacitor is required to
remove the DC component before
applying this voltage to a transformer,
and additionally serves as an energy
storage element. When both MOSFETs
are switched off, the energy in the
leakage inductance of the transformer
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forces the voltage on the half-bridge
to the opposite polarity. This voltage
swing is ultimately clamped by the

relevant MOSFET body diode, which

suddenly takes on the primary current.

Selection criteria

These energy optimization efforts
result in excellent efficiency. A quasi-
resonant converter design can achieve
over 88% efficiency for a 75W/24V
power supply. With synchronous
rectification, requiring an additional
analog controller and a PFC front
end it is possible to increase this
to over 90% efficiency at 90W/19V.
Higher efficiencies can be achieved
by the LLC resonant and asymmetric
half-bridge converters at this power
level, but they are more expensive to
implement. Quasi-resonant converters
are therefore generally used up to this
power range. The e-Series range of
integrated power switches is effective
for applications ranging from small
1W auxiliary power supplies, through

Power Systems Design North America

30W set-top box power supplies right
up to 50W industrial power supplies.
Above this power level, the use of the
FAN6300 quasi-resonant controller with
external MOSFET is recommended.
This brings in the extra flexibility of
handling unusually high system input
voltages, or optimizing cost versus
efficiency by being able to select a
wide range of external MOSFETs.

The quasi-resonant flyback uses
one low side MOSFET, while the other
topologies require two MOSFETs in
a half-bridge structure. This makes
the quasi-resonant flyback the most
cost effective topology at lower
power levels. At higher power levels,
the transformer size increases which
reduces both efficiency and power
density. At this stage the two zero-
voltage-switching topologies can be
considered.

Four factors influence the design:
the input voltage range, the output
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Figure 2: Gain curves of asymmetric half-bridge and LLC converters.

voltage, the ease of implementing
synchronous rectification and the
implementation of the leakage
inductance.

Figure 2 compares the gain curves
of the two topologies. For illustration,
let us assume we need to support
input voltages of 110V and 220V. For
the asymmetric half-bridge, this is not
a problem. We can set the operating
conditions such that the gain is 0.2 for
220V and 0.4 for 110V. The efficiency

www.powersystemsdesign.com

would be worse at 220V as the
magnetizing DC current increases as
the duty cycle decreases. For the LLC
resonant converter, the maximum gain
is 1.2 noting how the full load curve

is close to resonance. A gain of 0.6
would result in a very high frequency,
resulting in poor system performance.
In conclusion, an LLC converter is not
suitable for wide range operation. With
external adjustment of the leakage
inductance, it is possible to operate

it for the European input range, at the

cost of higher magnetizing currents.

It works best with a PFC stage in
front. While an asymmetric half-bridge
benefits from having a PFC stage on
its input, it is possible to operate the
circuit over a wide voltage input range.

For output voltages above 24V,
an LLC resonant converter is
recommended. The high output diode
voltage stresses on the asymmetric
half-bridge worsen efficiency because
diodes with higher voltage ratings have
higher forward voltages. Below 24V,
the asymmetric half-bridge converter
is recommended. The LLC converter
has a far higher ripple current on the
output capacitors, which increases
with lower output voltages, resulting in
a more expensive, bulky solution.

Synchronous rectification is possible
for both topologies. It is very simple
to implement for the asymmetric half-
bridge (Fairchild Application Note
AN-4153). For the LLC controller,
a special analog circuit is needed
to detect the current flow in the
MOSFETSs, the technique being simpler
if the switching frequency is limited
to the second resonant frequency
(100kHz in Figure 2).

Finally, both designs rely on the
leakage inductance of the transformer:
in the LLC converter to control the
gain curve (Figure 2) and for the
asymmetric half-bridge to ensure soft-
switching at light loads. For most
applications we recommend using two
separate inductors for this purpose.
The leakage inductance is a poorly
controlled parameter of a transformer.
Additionally, the implementation of an
unusual leakage inductance requires
a non-standard coil former, increasing
cost. Finally, for the asymmetric half-
bridge, the resonant switching speed
is at least ten times the switching
frequency, resulting in higher losses
if a standard transformer is used.

In conclusion it is recommended to
use a second inductor using normal
ferrite for an LLC converter, and one
using high frequency ferrite for an
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A Powerful Combination
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Figure 3: Asymmetric half-bridge converter based on the FSFA2100.

asymmetric half-bridge converter. to be set up for frequency rather than

PWM control.

The efficiency of LLC resonant
converters are around 93% for
200W/48V power supplies, including
the PFC front end. With synchronous

Figure 3 shows the circuit diagram
for an asymmetric half-bridge The efficiency of a 192W/24V
converter. The circuit diagram is very asymmetric half-bridge converter is rectification it is possible to raise the
similar to that of an LLC resonant around 93%. The 360W/12V current efficiency into the range 95%-96% for
converter, except that an LLC resonant doubler version in AN-4153 also has this power level.

converter does not require an output a full load efficiency of over 93% www.fairchildsemi.com
inductor and that the controller needs between 20% and 100% of rated load.

A POV |
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PowerPack and ePowerPack is a new
advertising program in print and online designed to
promote your company’s new products, seminars,
and announcements while driving traffic to your
company’s website.

Advertisers receive a 100 word listing, plus product
photo and url link in print to 20, 357+ subscribers

of Power Systems Design’s magazine and online
through ePowerPack e-newsletter which is delivered
every month to an audience of 24,000 power elec-
tronic engineers in Pan Europe and 32,000 power
design engineers in North America. To participate
contact: Julia@powersystemsdesign.com

JU U Uv H Jj JU jJ Ij JI ﬁ Powsr Systems Vasign

@P U h\j H JJ JU :;J B J ﬁ Puyay Bystams Ussign

The AP300 Analyzer and POWER 4-5-6 Software are designed
specifically for the power electronics engineer. Now, they
communicate with each other to show measurements overlaid
on theoretical curves.

The analyzer has advanced features including a high power
output, variable source vs. frequency curve, and high noise
immunity from 0.01 Hz to 30 MHz.

POWER 4-5-6 greatly accelerates your design process in
topology choices, magnetics, and control. A special version
of the software predicts the response of your power supply
and compares it with data collected from the AP300.

Each product is the best available in the industry. Together,
they will take your design and testing skills to the next level.

=\ Ridley Engineering

WWW.RIDLEYENGINEERING.COM

Ridley Engineering, Inc. ~ 885 Woodstock Rd., Suite 430-382 ~ Roswell, GA 30075 ~ US ~ +1 770 640 9024 ~ Fax: +1 770 640 8714

SARL Ridley Engineering Europe ~ Chemin de la Poterne ~ Monpazier 24540 ~ FR ~ +33 (0)5 53 27 87 20 ~ Fax: +33 (0)5 67 69 97 28

Ridley Engineering UK Ltd. ~ 10 The Green ~ Bracknell, Berkshire RG12 7BG ~ UK ~ +44 (0)1344 482 493 ~ Fax: +44 (0)1344 204 632
Email: DRidley@ridleyengineering.com


http://www.powersystemsdesign.com
http://www.ridleyengineering.com

Power Systems Design North America

P'een

Psoul Gree)
APOWEr

" ENERGY EFFICIENCY

Securing Power —Perpetuating Jobs...

Reported by CIiff Keys, Editor-in-Chief, PSDNA

The power grid is becoming an
extremely sensitive topic, both
in North America and in Europe.
In acknowledgement of this we will
run a special report on this topic in
the September-October issue of PSD
North America. Forming the backbone
of all industry and vital for consumers
alike, this huge arterial network is also
coming under attack from infiltrators
and hackers. The implications of any
serious downtime to the network,
whether due to equipment failure or
through malicious interference, are
too terrible to comprehend. Here, the
power industry is the vital element.
Look out for the report.

Green power, in particular solar power,
utilizing photovoltaic (PV) cells is really
hitting the news these days with many
investors eyeing-up the opportunities
for a healthy return. Europe has been
very fast in utilizing this technology, ac-
celerated by government incentives to
encourage homeowners to install these
rooftop energy providers.

There are also incentives and re-
bates available to homeowners in USA
for alternative energy systems instal-
lation. States and local municipalities
have incentive programs to encour-
age solar power and other alternative
energies in their areas. On a Federal
level there are also incentives for solar
power systems, renewables and en-
ergy efficient technologies. If the US
administration follows the European
path, a healthy growth could be envis-
aged for the PV industry.

However, according to IMS Re-
search’s latest analysis, the global

52

PV market is set to contract for the
first time in 2009 in terms of new
installations.

The analysis shows that although
the PV market doubled in 2008 in MW
terms, a contraction in shipments
is anticipated in 2009. This will be
caused by the sudden drop-off in de-
mand from Spain, with its newly imple-
mented 500MW cap. This is likely to
result in a shortfall of some 1.5-2GW in
2009. The dramatic decline of the vast
Spanish market will lead to an overall
drop in worldwide shipments.

In spite of this, underlying demand

for PV remains very healthy; long term,
double-digit annual growth rates can
be expected. The market is likely to
see dramatic changes in the next few
years, with the emergence of new
technologies such as micro-inverters;
and the development of new and at-
tractive regional markets, especially

in the US, which to date has made up
a low proportion of the overall global
market. Difficulties in obtaining financ-
ing will restrain US market growth this
year. However, in the medium term it is
anticipated to become one of the larg-
est markets for PV.

Green jobs in energy are attractive
to governments. Being heavily reliant
on manpower, they have the potential
to create new job opportunities in an
economy that is suffering, although
jobs have been lost in the solar and
wind industries too due to the down-
turn. But with the new administration
committed to a huge stimulus package
and the growing swell in public and
political awareness of clean and alter-
native energy sources together with
the need for fossil alternatives, the mid
term future at least looks positive.

www.powersystemsdesign.com/
greenpage.htm
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Power That Gives You Best Of Both

Technology Worlds

Switcher Efficiency Combined With LDO Noise And Transient Performance
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The MIC38300 is a 3A step down converter and the first de-
vice in a new generation of SuperLNR™ products providing the
benefits of LDOs with respect to ease of use, fast transient perfor-
mance, high PSRR and low noise while offering the efficiency of a
switching regulator.

As output voltages move lower, the output noise and transient
response of a switching regulator become an increasing challenge
for designers. By combining a switcher whose output is slaved to
the input of a high performance LDO, high efficiency is achieved
with a clean low-noise output.

For more information, contact your local Micrel sales representa-
tive or visit us at: www.micrel.com/ad/mic38300.

MICREL

Innovaltion Through Technology™

www.micrel.com

© 2008 Micrel, Inc. All rights reserved. Micrel is a registered trademark of Micrel, Inc. MLF is a
registered trademark of Amkor Technology.

o 1Va3n

10pF

J

NolPowenExpertiselRequirec i

\  ASICs/FHGA Hafiwuirement

Loo
MICE8100

SuperLNR 1V CORE
MIC3B300

The Good Stuff:

2.2A Continuous operating current

Input voltage range: 3.0V to 5.5V

Adjustable output voltage down to 1.0V
Output noise less than 5mV

Ultra fast transient performance

Unique Switcher plus LDO architecture

Fully integrated MOSFET switches
Micro-power shutdown

Easy upgrade from LDO as power dissipation becomes an issue
Thermal shutdown and current limit protection
4mm x 6mm x 0.9mm MLF ® package

00060060000
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Slash Component Count;
Simplify Design

IRS2530D DIM8™ dimming ballast control IC with half-bridge driver in compact 8-pin form factor.

Part Number Package Voltage Dimming Fixed Dead Time Requiring only several small external

companents, the IRS2530D significantly
8-lead DIP and . N . 1 I

IRS2530D 8-lead SOIC 600V 10% 20ps simplifies and shrinks circuit design and
delivers a dimming system performance
of up to 10 percent for compact
fluorescent lamps as well as linear
ballasts.

Reference Designs IRPLCFLBU

IRS2530D DIM8™ Features:

 8-pin dimming ballast controller

Available!

e Dimming to 10%

e Flash-free start at all dimming levels

e Fully integrated lamp failure
protection

IRPLDIMSE
International
.for more information call 1.800.981.8699 or visit us at www.irf.com/lighting R@CTI ]EI er
DIM8™M is a trademark of International Rectifier
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