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80V Sync Buck-Boost

Variable Input
2.8V to 80V

I

Input Current:

Regulate or
Monitor
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LT8705

CSPOUT
CSNOUT

Fixed Qutput
1.3V to 80V

I

Output Current:

Regulate or
Monitor

Four Regulation Loops (Vour, lout, Viy and Ipy)

The LT®8705 is the latest in our growing family of single inductor buck-boost controllers. This wide input voltage
range, high power controller is capable of delivering efficiencies up to 98.5% for a 48V, 5A output from an input voltage
range of 2.8V to 80V. Using a single inductor and 4 external MOSFETS, the LT8705 can deliver output power up to 250W.
Input or output voltage or current, any of these can be regulated with the devices’ 4 control loops. Its input regulation
loop is ideal for high impedance sources such as solar panels.

* Single Inductor

» Very High Efficiency

¢ Viy Range: 2.8V to 80V

¢ Vourt Range: 1.3V to 80V

* Vout, louts Vin, Iin Feedback Loops
e Current Monitors

» Synchronous Rectification

¢ Quad N-Channel MOSFET Gate Drivers
* Solar-Powered Battery Charger Capable
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Power moves

One way to look at change is to see it as the unfolding path we take on our journey to the
future version of normal. Every trip brings us encounters we did not plan to meet, challenges
we had not anticipated, and barriers we had to overcome. How we take those challenges on is
part of how we are defined, an example of our character, insight, and determination.

The power electronics is a mature industry challenged by the latest technical developments
and how they are being applied to and by society. This challenge is one many industries have,
and all industries will, face. Looking back on this year's Applied Power Electronics Confer-
ence (APEC) while looking forward to the upcoming Power Conversion and Intelligent Motion
(PCIM) event, this industry is handling the challenges pretty well, considering what’s going
on in other disrupted industries.

The big winds blowing at APEC are coming from a few interesting directions, most notably
from exotic materials and advanced packaging. The former has had more of the cool buzz,
but the latter will have a greater overall impact on the industry. Older packages are too large,
inefficient, and often have very poor thermal characteristics. The newest highly-integrated
chip packages will impact the performance power systems in every application at every power
level.

Considering materials, there was quite a buzz at APEC (and will undoubtedly also be at PCIM)
around Silicon Carbide semiconductors, as well as Gallium Nitride on both Silicon Carbide
and Silicon. This buzz is completely deserved, as they each have merits to offer the industry
in performance and efficiency. There were around a dozen companies either talking enthusi-
astically or demonstrating amazingly about both GaN and SiC, and | would wager about half
of them are hoping/expecting to be bought out by bigger players. It is interesting to note that
Tl has more drivers than devices in this space.

The packaging evolution is following the rest of the industry on the convergence trail. Highly-
integrated packages addressed device complexity and system integration, while smaller and
more efficient packaging tackled the problems with legacy casings like the TO-220. A very
good example can be found in the Infineon DrBlade chip-embedded package technology,
which integrates the DC/DC driver and MOSFET VR power stage. One day every sub-system
will be in its own (possibly standardized) sub-package that will either bond to one another or
to some yet-determined substrate/scaffold infrastructure to form a device.

APEC 2013 broke records for attendance, and considering the level of change going on in the
industry, it would not be surprising to see PCIM do the same. The power electronics industry
faces many challenges, from the board to the grid, but we will eventually get the future we
seek if we apply ourselves to creating it.

Best Regards,

Alix Paultre

Editorial Director, Power Systems Design
alixp@ powersystemsdesign.com
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We are the Leader in
Energy Efficiency Technologies

Infineon’s products are enormously important for future energy supplies in terms
of both exploiting renewables and using energy efficiently. Explore our wide offer

of high-end products for your application:

650V TRENCHSTOP™ 5 — redefining the ,,Best-in-Class“ IGBT

® More than 1% PFC efficiency improvement at 70kHz

= Q reduced by a factor of 2.5

® Total losses reduced by a factor of 2

® Best fit for PV Inverters, UPS, Welders and all hard switching
applications in PFC and PWM topologies

650V thinQ!™ SiC Diodes Gen 5 — improve efficiency and solution costs
m V, increased from 600V to 650V
® Improved efficiency over all load conditions
m Best fit for applications such as Server, Telecom,
PC Silverbox, Solar, UPS and Lighting

500V CoolMOS™ CE - best price-performance ratio available on the market
® High body diode ruggedness

® Easy control of switching behavior

® Reduced gate charge (Qg) and reverse recovery charge (Q )

m Best fit for applications such as PC Silverbox, Lighting and Consumer

New OptiMOS™ 40V/60V - shrink your design and boost efficiency
B [ndustry’s first 1mQ 40V product in SuperS08

® 35% lower Ry than alternative devices

m Highest system efficiency and power density

m Best fit for applications such as Synchronous Rectification,
Solar Micro Inverter, isolated DC/DC Converters,

Motor Control for 12-36V systems and Or-ing Switches

For further information please visit our website:
www.infineon.com/power_management_new_products
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Renesas power solutions —
a breakthrough in efficiency

If you are tired of wasting energy from power semiconductors in your power supply, inverters and motor

POWERIine

Programmable 30A brushless DC
motor controller serves robotics
and automation apps

argeting designers of
Industrial Automation
systems, mobile
robots, mechatronics,
or other medium-power motor
control application, the SBL1360
intelligent controller from Roboteq
is capable of directly driving a
hall-sensor equipped brushless

DC motor up to 30Amps at up with a 1 kHz

to 60V. The controller accepts update rate. The
commands from analog pedal/ SBL1360 features
joystick, standard R/C radio, USB, intelligent

CAN or an RS232 interface. Using
the serial port, the controller can
be used to design fully or semi-
autonomous robots by connecting
it to single board computers,
wireless modems or WiFi
adapters. Using CAN bus, up to
127 controllers can be networked
on a single twisted-pair network.

The SBL1360 incorporates a
Basic Language Interpreter
capable of executing over
50,000 Basic instructions per
second. This feature can be used
to write powerful scripts for
adding custom functions, or for
developing automated systems
without the need for an external
PLC or microcomputer.

The SBL1360 uses the motor’s
hall sensors to measure speed

and travelled
distance with
high accuracy.
The controller
can operate the
motors in open
loop or in closed
loop speed or
position mode

current sensing

that will automatically limit the
power output to 30A in all load
conditions. The controller also
includes protection against
overheat, stall, and short circuits.

The controller includes up to

4 analog, 6 digital and 5 pulse
inputs. Two 1.5A digital outputs
are provided for activating
brakes or other accessories.

The controller’s operation can

be optimized using nearly 8o
configurable parameters, such

as programmable acceleration

or deceleration, amps limits,
operating voltage range, use of |/
O, and more. A free PC utility is
available for configuring, tuning
and exercising the motor. The
controller can be reprogrammed
in the field with the latest features

WWW.POWERSYSTEMSDESIGN.COM

by downloading new operating

firmware from Roboteq’s web site.

The SBL1360 is built into a very
compact 7omm x 7omm, board-
level open frame design. The
board comes equipped with an
aluminum bottom plate that
ensures sufficient heat dissipation
for operation without a fan in
most applications. Additional
cooling can be achieved by
mounting the board and its
bottom plate directly against a
metallic chassis. The SBL1360
is available now to customers
worldwide at $225 in single
quantities, complete with cable
and PC-based configuration
software.

control circuits, we've got a treat for you.

e Minimise costs while increasing efficiency
* Increase light load efficiency to up to 95% for long battery life

www.full-of-power.com
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POWERplayer

few dozen years ago,

engineers fresh out of

school were assigned

to the power supply
team; the most boring and least
challenging aspect of the system
and the one most forgiving of
inexperience. Could it come to
that again? Not likely. But you
really should ask yourself, who
is really managing your power
management? Is it you or your
suppliers? Who really understands
your power management needs
and more importantly, the solution
you've implemented? Is your
7Amp 1.2V solution overkill for
your 2.9Amp requirement? Could
a lower cost LDO be used instead
of that switcher?

Power Management is more than
developing solutions that run
cool and conserve power. It's also
about managing cost.

Financial management is inextrica-
bly intertwined with power man-
agement. Often power manage-
ment solutions transcend multiple
product generations. It's the most
logical place to drive cost out of a
system for greater long term sav-
ings. Yet, for some reason, it's also
the most overlooked. The follow-
ing represents the power board

WHO'S MANAGING YOUR
POWER MANAGEMENT?

for a typical
consumer ap- P—
plication . De-
pending on
total volume,
the Bill of Ma-
terials may
range from
$1.00-$1.50 at
the low end,
to perhaps

as high as

1,000,000 \

100,000
N

TOTAL LIFETIME VOLUME OF THE IASIC

Integrating

10,000

these seven ca33i3cdse

VALUE OF THE COMPONENTS INCORPORATED INTO THE iASIC

chips into

what is called

and iASIC,

or integrated ASIC, would yield
a much lower cost single chip
solution while retaining all the
desired power saving functionality
of the original designs. An iASIC (a
chip integrating existing functions
without the need to create new

IP) is easy to accomplish and has
a short Development time. The
cost of the iASIC for the above set
of requirements would be in the
neighborhood of $0.60 each,

Power Management is as much
about Power as it is about
Finance. The maniacal focus on
conservation of energy and power
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IASIC Integration: Is It Right For You?

v
$2.00. )\ |

iASIC is not
Economical

iAsIC
Integration is Extremely
Beneficial

s & y
g Consult IVD

High Voltage
MOSFETs

needs to be coordinated with the
conservation of cash. The graph
below clearly shows the financial
benefits of integration using

an iASIC. These numbers are
typical and include amortization
of all NRE and tooling costs to
develop and put the iASIC into
production. The vertical scale is
the total estimated lifetime volume
of the iASIC and the horizontal
axis is the approximate cost of
the components being integrated
(see Figure 1). Where does your
application fit on this graph?

Power Diodes

Expanded lineup of power

devices optimized for industrial

applications

Power Modules

Power ICs

EUROPE

PCIM m Nuremberg, 14 —16 May 2013

Visit us!
[Hall 9- booth 211]

SiC Devices

ROHM Co. Ltd.
www.rohm.com

ROHIM

SEMICONDUCTOR
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MARKETwatch

ales of high power
low voltage (<690V)
variable speed drives
rated above 500 kW
have remained bound for nearly
a decade with sales from 2007
to 2012 in the range of $950M
and $1.4B. As demand for
high-powered drives increases
from different industries IMS
Research predicts that global
sales will break out of a range
and increase to nearly $1.9B
in 2016. The increase in global
sales of high power drives started
about six months to a year after
the recession ended in 2010—
increasing each year from $983M
in 2010 to $1.4 billion in 2012,
while unit sales increased from
89k to 123k (see Figure 1).

From 2011 through 2016, IMS
Research predicts that high-
powered drives will break out
above $1.4B per year in sales.
Increased sales will be driven by

an increased willingness from end-

users to purchase high-powered
drives and higher demand from
oil & gas, mining & extraction,
metals, water & wastewater, and
cement industries.

The return on investment for

Oil & Gas boom propels
high power low voltage
VSD sales

H H The World Market for Low Voltage AC & DC Motor Drives
pUttI ng h | gh by Power Rating - greater than 500 kW - Revenues ($M) - 2007 to 2016

power rated -
drives into w00

oil projects 200

is often La00
high. These 1200
drives 1000

are often 20

used in the 0
application ”

of artificial m:

lifts and 007 w08 200
horizontal Source: IMS Research
pumps that

push saltwater and other fluids

to bring oil to the surface. The
drives used in such applications
often have power ratings greater
than soo kW and usually higher
than 300 kW. If there is not
sufficient power coming into a set
of wells, the oil company must
choose which wells are active,
whereas, with the installation

of motor drives, more wells can
run at the same time using the
same electricity, saving money

on electricity costs and utilizing
existing infrastructure more
effectively. Low voltage drives

are particularly suited for remote
drilling operations since electricity
is often generated onsite since

power lines physically inaccessible.

With a limited supply of electricity,
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2010

wm— >500 kW

2011 2012 2013 2014 2015 2016

it becomes more critical for all
machines to run efficiently.

While global sales of high-powered
motor drives are forecast to
increase, the rate is expected to
moderate. In 2013, IMS Research
forecasts that the high growth rate
in global sales of high power rated
motor drives will only grow at 4%
as the recent economic slowdown
catches up with high-powered
drives. Despite these near-term
headwinds, the long-term picture
for the sale of high power low
voltage motor drives is robust with
high power motor drives forecast
to grow at a 5.3% CAGR from 20m
to 2016.

6o odUol.

MP103FC Power Amplifier: Dual-Channel
Design Delivers Space Savings, Cost Savings

DRIVE MULTIPLE PIEZOELECTRIC LOADS WITH
SPEED, CURRENT AND VOLTAGE

The MP103FC from Apex Microtechnology is a dual-channel power
amplifier that is designed to drive multiple loads with a single

device. With full power bandwidth rated for 230 kHz, the MP103FC is
optimized for industrial applications requiring piezoelectric loads with
more than one driver. This thermally enhanced module also features
output current of up to 15 A PEAK per channel and a 30 V to 200 V
power supply. A single MP103FC delivers high current, high voltage
and high speed at a per unit cost savings that makes it the option of
choice versus single amplifier solutions and discrete designs.

e Print head electronic drives for industrial ink jet printers

MV MV
+175V
+24V RcL
b3
1 Riso

-5V —15Vv Output

-5V 300Vpp

+175V O =1 to
+24V RoL Piezo
% Actuator
M\

Input
? Oto+25V

-5V

BRIDGE MODE PIEZOELECTRIC DRIVER
(For Design Discussion Purposes Only)

apexanalog.com/psdemp103

© 2013 Apex Microtechnology, Inc. All rights reserved. Product information is subject to change without notice.
The Apex Microtechnology logo is a trademark of Apex Microtechnology, Inc. PSDE022013

FC MODULAR 42-PIN DIP

Open frame Product Technology
(actual footprint 65.1mm X 42.5mm)

Power up at www.apexanalog.com/psdemp103

MICROTECHNOLOGY
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DESIGNtips

his article is the third

of a series in which Dr.

Ridley shows the steps

involved in designing
and building an offline flyback
converter. The input filter rectifier
is simulated to find the design
range of the converter, and the
transformer design is completed
and measured.

Input Voltage Range

The specifications for the power

supply were as follows:

1. Input Voltage: 185 — 265 AC

2. Output1: 15VDC @ 1.1 A

3. Output 2: 15 VDC @ 50
mA nonisolated (bias and
regulation supply)

4. Maximum power: 17.25 W
(was 22 W)

Notice that between the first
article of this series, and this
third part, the load on the main
output dropped from 1.4 A to
1.1 A. This is common during a
power supply development; the
end user is rarely finished with
design and measurements before
the power supply design starts.
Being flexible in your design to
accommodate changes both up
and down in power is just a fact

of life for power supply engineers.

The first step in the design

Flyback power supply
" development - part Il

Input Capacitor Voltage

400 -

300

b _\/\/\/\/\/\/\

185 VAC
100 1 Min DC = 195 V
3 | ) ) ) ) ) ) Time (s)
0.000 0.010 0.020 0.030 0.040 0.050 0.060 0.07!

process is to determine the actual
range of the dc input bus after
the rectifier. There is no simple
equation to calculate this, and
the fastest way to determine the
range is to run a simulation,
using a constant power load on

a capacitor and rectifier. As the
design progresses, and input filter
and protection circuits are added
to the design, the simulation can
be modified to accommodate

the additional components.

Filter inductors, surge resistors
and fuses all reduce the actual
input voltage to the converter.
Trying to incorporate all of this

in a calculation is probably not
the best use of design time, and
simulation is a powerful aid here.
Just about any circuit simulator
will be able to do this part of

the circuit for you, but POWER
4-5-6 was used to generate

the waveforms in Figure 1 for
maximum speed.

WWW.POWERSYSTEMSDESIGN.COM

If you were to do true worst-case
analysis design, it is necessary
to introduce variation in the
frequency range of the AC supply,
and include the anticipated
variations of the input capacitor
with initial tolerance and aging
effects, but that is beyond the
scope of this article.

From this simulation, we see that
the maximum voltage seen at the
input of the power supply will be
424 V under surge conditions of
300 VAC input. The minimum
voltage used to design the power
stage is 195 V. For those new to
power supply design, this range
can be a surprise. Designing for
a nominal 240 VAC input results
in more than a 2:1 dc input
range. This range is obtained
using a full-wave input rectifier.
If a half-wave rectifier were used,
the range would be even larger.

MITSUBISHI

Y
7 AV N ELECTRIC

Power S@Wlié‘Oﬂd%Cl’OTS

Power Semiconductor Solutions

Purchase
Mitsubishi & Powerex
Inventory in Stock
Online by Credit Card

Quality Products
Impeccable Service

Convenient Purchasing
Options

PEeER www.pwrx.com/support/

HowToPurchase.aspx
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EREX, 4,

qo*‘ > www.p wrx.com
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Magnetics Design — Turns Ratio
The first step in designing

a flyback transformer is to
determine the turns ratio
required at low line to give the
required output voltage without
using an excessive duty cycle.
Design approaches vary greatly
in choosing the maximum duty
cycle. At low power, it is quite
common to operate with quite

a small maximum duty cycle in
order to minimize the stress of
the primary power FET. At higher
power levels, some wide-range
designs may allow the duty cycle
to be in excess of 50% to reduce
stresses on the secondary parts
and reduce the primary currents.

In this design, the maximum
duty cycle was set at 47%. (That
is the value that is obtained
when selecting a controller than

naturally has a maximum nominal

value of 50% - a few percent are

lost to the finite discharge time
of the timing capacitor). With a
minimum input voltage of 195
V, a turns ratio of 11:1 provides
sufficient voltage to operate the
converter over the full specified
range with enough margin to
control the converter properly.

Magnetics Design — Primary In-

ductance

While there is a fair amount of

leeway in
choosing
the maxi-
mum duty
cycle of the
controller,
and sub-
sequently
the turns
ratio of the
transform-
er, there is
even more
freedom
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of choice in choosing the pri-
mary inductor value. Some power
designers will select a value to
force the converter to operate in
discontinuous-conduction mode
at all lines and loads. This is the
most popular approach for low
power flyback designs at 10 W or
less.

At higher power levels, this can
result in high primary currents,
and some designers will select

a larger value of inductance to
reduce the peak current stresses.
The optimal design point is not
obvious in most cases, and some
experimentation with different
designs is beneficial. If you

can wind your own magnetics

prototypes, this is fast and easy to

do, and we teach this process in
our design workshops [5].

For this design, the first
transformer was chosen to have
a primary inductance of 2200
pH. this value runs the converter
in CCM at full load, yet it is

small enough to make sure the
converter is controllable. Figure 2

Power 17.256 W
Inductance 2200 pyH
Core Type TDK EPC 19
Core Area 0.2 cm’
Current Limit 0.33A
Primary Turns 120
Maximum Flux 0.305T
Secondary Turns 11

MAKING MODERN LIVING POSSIBLE

solution in power electronics

when you choose Danfoss Silicon Power as your
supplier you choose a thoroughly tested solution with
unsurpassed power density.

It cannot be stressed enough: efficient cooling is the
most important feature in power modules. Danfoss
Silicon Power’s cutting-edge ShowerPower® solution
is designed to secure an even cooling across base
plates, offering extended lifetime at no increase

in costs. All our modules are customized to meet
the exact requirements of the application. In short,

Please go to powermodules.danfoss.com for more
information.

powermodules.danfoss.com
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Primary Impedance Secondary Open

100 |dB Ohm

80

60

40

20

Transformer Measured Impedance ||
Inductance 2238 uH (200 kHz) [\
Resonance 1.5 MHZ

Capacitance 5 pF

Transformer Predicted Open

10 100 1k

100k M 10M

shows the primary switch current
and main secondary diode current
that result from this choice of
inductor value. Notice the peak
diode current on the secondary

is in excess of 3 A, almost three
times the average value of the
output current.

The primary switch current was
just below 0.3 A. The current
limiting of the converter was set at
0.334 A, just above the maximum
required primary current. Table

1 shows the calculations used

for the transformer design using
a TDK EPC19 core. 120 primary
turns were needed to support the
maximum current at 2200 pH
without saturation. 11 turns on
the secondary gave the required
turns ratio.

The required isolation in the
transformer was achieved with the
use of kapton-wrapped wire from
VIP wire [4]. This gives full triple
insulation rating with a minimal
thickness of insulation. The
primary was wound in two layers

primary impedance as high as
possible. More details of this are
given in [1]. The winding layout is
shown in Figure 3.

Whenever you build or purchase
magnetic components, it is impor-
tant to do a frequency response
characterization before inserting
them in the power circuit. This
allows you to verify proper design
construction, and calculate cir-
cuit snubbers quickly from mea-
sured transformer parameters.
The frequency response is best

Primary Impedance Secondary Short
100 |dB Ohm
80

Transformer Measured Impedance )\
60 Inductance 26.7 puH (200 kHz)’ ;,\\
40 Transformer Predicted
Short
20
0
10 100 1k 10k 100k 1M 10M

Primary Impedance Secondary Short
100 [dB Ohm
80
Transformer Measured Impedance A\
60 Inductance 26.7 uH (200 kHz)/ ,,\\
40 .
Transformer Predicted
Short .
20
0
10 100 1k 10k 100k iMm 10M

of three segments to minimize
winding capacitance and keep the
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done on an instrument designed
for the job, such as an AP300
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Transformer Leakage Inductance (pH)
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frequency response analyzer [2].
It can also be done manually as
described in [3].

Figure 4 shows the primary
impedance of the flyback
transformer measured with

the secondaries open. This
measurement gives the value of
the magnetizing inductance at
2234 pH, calculated at 200 kHz.
The resonant frequency was at
1.5 MHz which is produced by an
equivalent capacitance of about 5
pF. This capacitance was very low
due to the segmented winding
structure of the primary.

Figure 5 shows the measurement
of the transformer primary
impedance with the secondaries
shorted. The rise in impedance
between about 20 kHz and

10 MHz is due to the primary
leakage inductance. It can be
seen from the curve of the
predicted impedance that the
slope of the measurement is
not quite as steep as 20 dB per
decade. This is usually the case
for high frequency transformers,

and it is caused by proximity
effects in the windings. The
varying distribution of currents in
the winding affects the primary
to secondary leakage inductance,
and this value is plotted in Figure
6 versus frequency.

Figure 6 also shows that the
leakage inductance changes

with frequency and it exhibits a
significant change from 10 kHz to
1 MHz. It is very important when
you specify a custom transformer
that the leakage inductance be
specified at a given frequency

if you want to get repeatable
designs and measurements. At
200 kHz, the leakage inductance
was measured to be 26.7 pH.

With the transformer qualified,
it is ready to be inserted into
the power circuit for testing to
continue.

References

1. “Flyback Transformer Primary
Winding Structures”, Ridley
Engineering Design Center,
Article 53. www.

ridleyengineering.com/index.

php/design-center.html.

2. AP300 Frequency Response
Analyzer, http://www.
ridleyengineering.com/
analyzer.html

3. “Manual Frequency
Response Measurements”,
Ridley Engineering Design
Center,

Articles 55-56. www.

ridleyengineering.com/index.

php/design-center.html.

4. Kapton-wrapped triple-
insulated wire, www.vipwire.
com

5. Ridley Engineering Design
Workshops,
http://www.
ridleyengineering.com/
workshops.html

Summary

The third part of this series

has described the simulation

of the input voltage rectifier,
main current waveforms,

and the construction of the
power transformer. Frequency
response measurements of the
transformer provided the value
of the magnetizing inductance,
leakage inductance and resonant
frequency. With this data
complete, the power testing can
proceed.
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The drive towards more
Icient motor control in

energy-e

compressors and pumps

New energy efficiency standards and regulations put pressure on

designers

By: Alberto Guerra and Diego Raffo, International Rectifier

onsidering that al-
most 60 percent of
total electric energy
produced worldwide is
used to run motors of every size,
shape and efficiency, the adop-
tion of variable speed drives can
save as much as 70 percent of
energy costs by controlling the
speed of the load. New energy
efficiency standards for com-
pressors and pumps require the
adoption of electronic controlled
motors and present further chal-
lenges to electronic designers.

A high-voltage multichip
solution based on standard QFN
packaging technology such as
IR's yIPM™ product family has
taken the same industry standard
approach of VRM modules
utilized in the computing
industry into the industrial

and motor-drives industry. By
using PCB copper traces to
dissipate heat from the module,
a device of this kind delivers
cost savings through a smaller
package design, and in specific
applications through eliminating

the use of an external heat sink.

The implications of the ERP
Directive

In Europe the key legislation
that is driving the move to in-
creasingly efficient fan and
pump applications is Directive
2009/125/EC, or the European
Energy Related Products (ERP)
Directive. Designed to minimize
energy consumption and sup-
port lower carbon emissions by
improving energy efficiency, this
legislation replaces the Energy
Using Products (EUP) Directive

and provides a framework for es-

tablishing minimum eco-design
requirements for energy-using
and energy-related products.

The Directive is implemented

in the form of product-specific
regulations that cover items
ranging from finished units to
sub-assembly elements of a
finished unit, such as fans and
circulator pumps. The Directive
is being implemented in various
stages, with the key dates for
fans and circulator pumps being
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January 1%t 2013 and January 1%
2015, as defined in regulations
EU 327/2011 and EC 641/2009
respectively.

The impact of this new legislation
should not be under-estimated. It
has been estimated that between
30% and 50% of all fan and com-
pressors currently in the market
will not be compliant with the
ERP requirements. By including
the water pump circulators em-
ployed in heating and air condi-
tioning systems, some expert has
estimated that over 90% of those
products currently on the market
will soon be prohibited for sale.
As a result, OEMs will have to
replace their products with more
energy-efficient systems if they
are to achieve the all-important
CE mark.

Facing this new demanding and
challenging requirements, it is
imperative for the power semi-
conductor industry to offer a
simple and economical way to
address the requests of designers
for easy to use system in package

VB1 VB2 VB3
o o 0

IRSM836-025MA
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Figure 1: yIPM 3-Phase Inverter Internal Schematics

solutions. These solutions must
be also characterized by scalabil-
ity in voltage and current range
so to simplify standardization

of assembly and portability of
design.

Devices like the pIPM product
family are intended to provide
designers with an economical,
flexible and scalable solution that
it is easy to use across a fairly
large range power level.

Features such as an open-source
topology for leg-shunt current
sensing help to further simplify
motor control designs (common
source options are also available)

vB IRSMB07-105MH vs O

propagation
delay matching circuitry, ensur-
ing that the response at the
output to a signal at the input
requires approximately the same
time turn-on and turn-off time
durations for both the low-side
and the high-side channels.

Despite their current and volt-
age ratings and high levels of
integrated functionality, each

of the new devices is supplied
in a miniature ‘QFN-like’ pack-
age, which until now has been
more commonly associated with
low-voltage DC-DC controllers
or voltage regulators. Indeed,
with dimensions of just 12mm

28,27

X 12mm x 0.9mm, the 3-Phase
pIPM devices are believed to be
the smallest IPMs currently on
the market and can help design-
ers to achieve space savings of
up to 60% compared to alter-
native devices. This is without
compromising isolation safety
requirements, as the plPMs meet
the creepage distance require-
ments of the UL standards.

Among the factors that have led
to these significant space savings
is the approach taken to device
cooling. In particular, unlike the
poor die-to-PCB heat dissipation
characteristics of gull-wing lead
and DIP packages, the pIPMs
achieve high die-to-PCB heat dis-
sipation, allowing them to ac-
tively use the PCB as a heatsink.
This is a similar approach that
point-of-load (PoL) or VRM QFN-
based packages use. The power
semiconductors (500V FredFETs)
and the HVIC die are bonded to
the lead-frame, which is exposed
and then soldered to the PCB.

In order to address higher power

3 G1 o33
18l

HIN .

Gate

— ||
" i T

10, 1617
) s

O—————————1 600V Half Bridge
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LIN *
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Figure 2. ulPM Half-Bridge Schematic and Pin-out versions

IRSMDOS-500 MH
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Figure 3 ylPM 3xHalf-Bridge Inverter Phase Current vs. ATCA

L

level applications, the pIPM family
has expanded with new 7mm x
8mm x 0.9mm and 8mm x gmm
x 0.9mm modules in Half Bridge
configuration (see Figure 2) with
voltage ratings including 40V and
current rating capability increased
to 10A for the 500V version and
up to 30A for the 40V version.

By splitting the integrated
3-phase inverter in 3 individual
half-bridges, several benefits

can be obtained. First and most
importantly, this approach enables
to spread the module power

Figure.5 Compressor Drive Prototype
dissipation on a bigger printed
circuit board area, improving the
overall thermal performance.

In general, IPM current capability

depends on the DC bus voltage,

100.0°C
100

a0

111

30.0°C

Figure 4 ylPM (HB) Thermal Image at Full Load
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the ambient temperature, the
switching frequency, and for all
these elements, the higher they
are, the higher the losses are), the
modulation scheme (i.e. 3Phase
vs. 2Phase), dV/dt of phase
voltage and, of course, the FET
characteristics (Rpson, IrRec etc.)

In the case of a surface-mounted
solution like the one offered by
the pIPM™ family, the current
capability also depends on the
PCB design and specifically to
the copper thickness, the copper

pad areas, the number of layers
and ultimately by the maximum
allowable PCB temperature.

In other words, the maximum
junction temperature of the power
semiconductors is, in fact, less of
a concern than the maximum PCB
temperature.

By increasing the PCB copper
thickness the overall thermal
resistance Junction to Ambient,
is lowered and consequently,
the PCB temperature. Lowering
the temperature enables higher
current capability. The following
graphs (see Figure 3-5) illustrate
the direct impact of the increased
PCB copper and additional
heath-spreader to the current
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switching frequency,
lower switching
losses enable
higher output
current. Additional
top-mounted
heat-spreader
further reduces

the temperature

for even cooler
operation. By using
a set of pIPMs Half-
Bridge modules, the
overall compressor
driver dimensions
were also reduced

Figure 6 : ylPM Half-Bridge 40V-20A Inverter board  to by 40% to a

capabilities of a 300W nominal
compressor drive with the inverter
stage based on 3 half-bridge
modules IRSM8o7-105MH.

Output current capability
increases with higher ATca
and also increases when a 2
phase modulation versus a 3
Phase modulation scheme is
used. Similarly by lowering the

board 10cm x 7.7¢m size.

The pIPM family scalability come
handy when higher current but
lower operating voltages are
required to address specific
application. 40V-20A plPM Half
bridges been used to address high
efficiency application on battery
operated inverters for automotive
applications. In this type of

100%
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Figure 7 : ylPM Inverter Efficiency Curve

application, size and weight are
paramount and the efficiency is a
must. By using three Half-bridge
pIPMs (see Figure 6) a complete
200W compressor operating at
5.5Khz with DC bus voltage range
10-32V has been realized is a
minuscule heat-sink less 7cm x
6cm board. Efficiency up to 98%
for the inverter was recorded at
4000 RPMs with maximum case
temperature well below 85°C

at the highest load profile (see
Figure 7).

Technology Trends

As much as a package platform
is advanced, like the QFN based
pIPM is, its thermal balance
hence its current capability is
ultimately defined by the power
dissipation of the semiconduc-
tors used. Clearly all topologies
based on Silicon switches have
intrinsically limited improvement
opportunities in term of power
losses reduction and only by mi-
grating to more advanced mate-
rial it will be possible to achieve
higher power density levels. Also
based on state-of-the-art active
components and passive com-
ponents, constrained integration
opportunities pose a limit to the
technology evolution. For future
integrated modules, GaN based
switches have a better potential
figure of merit than other power
components based on Si or SiC
material. The potential improve-
ment achievable from GaN tech-
nology is significant based on the
material limits.

To improve overall conversion
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400W Inverter . switches driven by a regular
Washer #APM™ GaN Based Prototype 3-Phase gate driver IC. The
. prototype plPM Gan module with
6A IRAM : T ; an IRMCK Digital control chip

:g’;tsmk | A= ) W were the core of the small inverter |t S a O u n e e
_ i) - : ' . board used for the power loss r

comparison. (see Figure 8). A
standard home appliance inverter
board using an IRAM IPM module
was used as reference.

— By loading both inverter boards
500V/160mohm . .
GaN in MCM with the same motor and loading

without Heatsink | profile (set by a dynamometer)
the total power losses were
compared (see Figure g9). GaN

based uIPM module shown 6x Designed for switching power supplies,

itis simply the best product on the
market for all of your frequency
response measurement needs.

Test Condition: Loss (W)

u Conduction Loss (25C) 17 = 1.53AOO\/
= Switching Loss (6kHz) OBLILK‘;)Ut voltage = 160V
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GaN Motor Drive has 6 Tc=150C
x lower conduction
losses and 2 x lower
switching losses

Loss Comparison (F;=6kHz)
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. \
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-
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Figure 9a Figure 9b
Figure 9a-b GaN pulPM prototype losses vs. IGBT based module

efficiency, all inverter topologies
require the power switch with the
lowest possible specific RON*ETS
Figure of Merit where RON is the
specific On Resistance and ETS

is the specific total energy per
pulse loss. GaN-based MOSFETs
show great potential in FOM
improvement over the coming
years.

The first generation of GaN based
switch prototypes have 20x Lower

Qrr compared to an IGBT Copak
and more than 200x less than
that of Super Junction body diode.
Eoff (off switching loss) of these
GaN Switches has been measured
72% less than for IGBT and 30%
lower than HV Super Junction.

To prove in a real application all
the above FOM improvements,
a complete pIPM inverter
stage, 12x15mm was built using
prototypes of IR 500V Gan

lower conduction losses and 2x
lower switching losses than the
IGBT based module enabling the
small inverter board to operate
heat-sink less. Considering the
overall power loss versus motor
current, the Gan based plPM
has up to 4x total power loss
reduction which translate to a 10x
power density increase (module
to module comparison).
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Improving appliance safety:

designing for protection

Implementing safety measures is a significant concern in design

By: Cristian lonescu and Ceyda Akbay, NXP Semiconductors

hen it comes to

home appliances,

the overwhelm-

ing focus tends
to be on advanced features and
functionality. Nevertheless, design
choices that enhance user safety
and overcome possible malfunc-
tions should play an even more
important role.

In the UK alone, in 2010/11, 6,000
appliances were officially reported
as “catching fire” with many non-
official reports of “smoking”
appliances. In US, according to
Consumer Reports, more than

15 million appliances have been
recalled during the last 6 years

for defects that could cause a fire.
Even if there is no person danger
or harm caused, the cost of failure
and brand damage are significant.

Implementing safety measures
starts already from concept de-
sign. Engineers make detailed
evaluations of possible thermal
conditions and electric situations
which could generate short cir-
cuits or overheating, eventually
leading to component damage
or even, in extreme cases, fires
or explosions. In these cases,
external protection is required to

overcome dangerous situations.

Integration of protection in

the triac

Over-temperature events can
cause loss of switching control
and over-current conditions for
sustained periods of time in the
load. This can not only result in the
over-heating of the power switch-
ing control component (generally
a triac), but also potentially the
load. Some examples here are
the motors in washing machines,
dishwashers or vacuum cleaners,
but also compressors in fridges.
Over-temperature events of this
type can damage the triac itself,
damage the appliance, and affect
the number of appliance failures
occurring in the field.

In order to address these chal-
lenges, NXP has introduced a
temperature and over-load pro-
tected triac (TOPTriac™) created
specifically to protect itself and
the appliance loads from dam-
age during over-temperature and
over-load events. TOPTriac is a
two quadrant, high commutation,
AC power switch which includes
several unique characteristics
beyond standard triac features,
including:
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«  Over-temperature self
protection

«  Over-load self protection

«  Exclusive negative gate trig-
gering

«  Smart functions like control
capability and over-load status
monitoring

The TOPTriac works like a standard
triac when the chip temperature
is lower than the normal operat-
ing Tj(max) (e.g. <125°C). When
the temperature rises above the
maximum normal operating tem-
perature, Tj(max), the gate condi-
tioning circuitry functions and the
TOPTriac will turn-off automati-
cally at a temperature Ttrip , pro-
tecting the device and load. When
the chip temperature cools below
Tj(max) (125°C), the gate trigger
current can be reset and the triac
will function normally again.

The TOPTriac is only triggered
with negative gate current and
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application that
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can be controlled with a modified
discrete phase control circuit or
with a microcontroller. The Gate of
the TOPTriac acts as the triggering
input, but for control purposes, it
can also act as a feedback output
since it provides voltage signatures
that indicate the status of the triac.
These voltage signatures enable

a microcontroller to monitor this
feedback from the Gate and act
upon it, according to the needs of
the application.

In addition to the safety advan-
tages it brings to the application,
the TOPTriac helps reducing the
overall system cost. In the case
of a standard AC switch without
integrated protection, the design
might need to ove- specify the
heatsink to make sure the applica-
tion can deal with faults and over-
loads situations.

In the case of TOPTriac, heatsinks
can be reduced in size and speci-
fied for normal operation only,
since the smart triac’s self-protec-
tion takes care of over-load condi-
tions. In general, with the appro-
priate triggering and reset signals,
TOPTriac could be useful for any

that requires
close attention when it comes
to safety measures is the control
unit for appliance operation. For
example, in major home appli-
ances, the IEC60370 safety norms
will define a set of hardware and
software guidelines the MCU
should comply with. According to
these norms, the MCU should be
able to run various internal checks
(memory or registers) and assure
proper reaction even in the case
of internal malfunctions, such as
unexpected loss of internal clock.

In order to enable these require-
ments, NXP has embedded a set
of safety-relevant features into a
very cost-effective MCU imple-
mentation around the ARM®
Cortex™-Mo processor. The NXP
LPC1100 MCU family is very suit-
able for control operation in the
home appliance industry, in both
major and small appliances.

The LPCi100 family features from
4 KB up to 64KB flash, a very flex-
ible clocking system including 1%
internal RC oscillator, up to 8-chan-
nel ADC, and high current output
drive capability. The family also
offers a range of standard commu-

nication peripherals such as UART
or 12C for connection to the other

system boards. The packages start
from 20 pins up to 48 pins.

For Safety compliance, the inte-
grated windowed WD with in-
dependent WD oscillator helps

the application identify any clock
malfunction and assures proper
reaction. The flash CRP (Code
Read Protection) allows the user to
define different application security
levels and avoid unwanted access
to the flash memory, for example.
In addition, the parts are certified
for Class B software compliance.

As the appliance environment

is also a significant source for
electro-magnetic disturbances
generated by motors, valves or
power line, designing components
like MCUs requires a good under-
standing of how the MCU pins
behave under these conditions. In
order to provide accurate insight
into pin behavior, NXP provides
the EFT Immunity Tests results
according to IEC 61967 require-
ments. The test report evaluates
the immunity levels for signal and
power pins and helps with proper,
safer integration of the MCU into
the system.

As part of its commitment to the
appliance industry, NXP continues
to research and work together with
its partners to find and implement
new features aimed at increasing
the functionality and safety levels
of appliance designs.

WWW.Nxp.com
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Power interface module selection

Power module choice impacts system board space and time-to-market

By: Patrick Le Févre, Ericsson Power Modules

comparison of

alternative on-board

power solutions

is rarely at the
top of the agenda for a board
designer. Often designers
will use a previous solution
because all available resources
and time must be spent on
the functionality of the system
design. However, time spent on
the power solution will affect the
cost, procurement and sourcing,
and will reduce the technical
risks and redesign cost. Most
importantly it will also have a
huge impact and pay-off in terms
of reduced time-to-market and
increased system packaging
density. The main alternatives
are standard power modules
and discrete power components.
Decisions are often based
only upon the hardware cost,
neglecting many of the other cost
elements.

A standard power module is a
component-like device produced
in large quantities, 100% tested
and guaranteed to meet the
specification in the datasheet. A
discrete power circuit consists
of many components mounted
on the printed circuit board
(PCB) together with the main
system electronics. There is no
testing other than on the finished

assembled
board.

A recent
addition to
the power
module
offerings
on the
market is
the PIM
(Power
Interface
Module).  Figure 1

An example PIM is shown in
Figure 1.

A PIM typically contains

input filtering and transient
suppression, inrush current
protection and hot swap
functionality, hold-up and under
voltage shutdown, dual power
feeds, monitoring, alarm and
power management based on
PMBus or I12C. The first release
of a PIM was tailored for ATCA
(Advanced Telecommunications
Computing Architecture)
standard based open platforms
to reduce time-to-market and
save valuable board space; but
the PIM concept and functionality
are actually a suitable fit for
most boards in information and
communications technology
(ICT) equipment. Today this
functionality is often provided
by discrete solutions, but this
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situation may change due to the
shift from proprietary platforms
to more flexible and standard-
based open platforms.

There are a large variety of board-
input power interface solutions.
Some of them are very simple
and contain just a fuse and

EMI filtering. Others are more
complex and sophisticated,
while also including inrush
current protection and hot swap
functionality, hold-up and under
voltage shutdown, dual power
feeds, monitoring, alarm, and
power management.

The power interface circuitry built
with discrete components on

the board is often a proprietary
solution that is adapted

for different power system
distribution architectures from
ICT equipment manufacturers.

There are standardization
initiatives going on, such as the
ATCA, but proprietary solutions
are the most common.

There are several significant
benefits of using a PIM instead
of a discrete circuit solution,
including reduction of design
time and cost, reduction
procurement and sourcing cost,
reduction of time-to market and
reduced board space for the
power interface functionality.

Circuit and System Design Cost
This cost applies only to the
discrete power interface circuit;
as clearly internal circuit design
is not required for the user of
standard power modules. The
circuit design cost consists of
the following items:

«  Circuit design and layout

« Determine component
ratings

«  Specify component part
numbers and alternates

«  Build and test prototypes,
including thermal and EMC

«  Modify circuits as required

« Documentation

The time and cost will of course
differ depending on whether a
basic design is already available,
or there is a requirement for a
completely new design. Design
hours spent and hardware cost
is a function of the number of
components and complexity

of the discrete power interface
circuit. The result is also
dependant on the skill of the
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electrical designer. In fact, a
skilled power design engineer is
required to design a robust and
cost-effective power interface
circuit.

However, there will be a power
system design cost for both

the discrete power interface
circuit and for the standard PIM
solution. The power system
design cost consists of the
resources needed and costs for
the design of:

« DCdistribution and
decoupling

«  Thermal analysis and cooling

- Safety and fusing

«  Controls and diagnostics

The power system design will be
significantly simpler and faster
when using the standard PIM
alternative, as there are much
more advanced built-in functions
and support literature available.

Procurement and Sourcing Cost
This is the resources and direct
cost for procuring all of the
components required for either
solution, including vendor
selection and qualification, price
negotiation, quality assurance,
inventory control, etc. For the
standard PIM alternative, there
is usually only one component
to source, the power interface
module. Also, in this case the
hours spent and direct cost is

a function of the number of
components and complexity

of the discrete power interface
circuit.

The discrete power components,
as with any other power
components, are typically

not part of the system board
manufacturers’ system-
functionality electronics bill-of-
materials (BOM), and therefore
require specific skills and
engineers to evaluate, qualify
and approve the components
and the solution in the specific
application.

Time-To-Market Cost

This extremely important item
addresses the technical risk and
the fact that the first design is not
always the final one. Engineering
changes and redesigns are
sometimes needed when the
solution does not perform as
expected. New microprocessors
and ASICs are often developed
in parallel with the board design
with some uncertainty about

the final circuit power and
supply voltage requirement

for the overall system. As the
focus is on the performance

and functionality of the primary
application electronics, the final
board power design cannot

be finalized until testing and
verification of the main system
circuitry. This means that there is
an apparent risk that the board
power and interface circuitry
must be re-designed very late

in the project, multiplying the
design cost and time, causing
unexpected delays in the launch
and delivery of the new system
board. Obviously, there is a
larger risk for severe delays when
using a discrete power interface
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Figure 2

solution, as the design is not as
well defined or proven and there
are dependencies upon several
components and vendors.

Using a standard PIM solution
can make the power system
available earlier and thus capture
additional sales.

The time-to-market cost accounts
for the lost revenue (and profit)
due to the loss of early product
sales if the product introduction
is delayed, impacted by the
development schedule for the
power solution. Not only it is

a loss on the number of sold
product — but also being early or
even better the first on the market
may account for a large part of
the total revenue and profit as
there is less competition and
thus a significant higher market
price. The time-to-market cost
can be a very appreciable number
compared with some of the other
costs under consideration. With
the very short product lifecycles
today, this could very well be the
determining factor for making a
profit or not.

PCB Cost
The cost of the area on the circuit

board occupied by the PIM or the
discrete power interface circuit
consists of:

«  Material cost for the PCB
itself

« Value of the PCB area to the
system designer

The value to the system board
designer will be quite variable.
For some systems, with less
crowded boards, this cost

could be relatively low. For
high-density systems with very
tight packaging, the system
designer may want to minimize
the amount of area occupied

by power and power interface
functions to include additional
system application circuitry.

In this case, the system board
designer and the system
manufacturer can assign a higher
number to this value, which will
serve to impose a cost penalty to
the power solutions that have a
lower area density.

In practice this has become one
of the biggest challenges for

ICT system manufacturers and
system providers. Available space
is very limited in all locations
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and come at a very high cost.
Indoor and outdoor applications
require minimal floor space and
smallest possible equipment
dimensions. Another constraint
is that modern high-speed
electronics require very small
distances to minimize distortion
by lead inductance and board
capacitance. Certain functionality
must therefore be built into the
same PCB.

PCBs are manufactured in certain
standardized sizes and the
equipment cabinet and shelves
are designed for specific board
sizes. It is therefore not possible
to increase the board size in

a given system or equipment
building practice. The only
solution is to minimize the size
and number of components

on the PCB. This drives higher
integration and smaller and
smaller device packages,

but at the same time higher
functionality requirements result
in higher pin count on each
microprocessor or ASIC package.
The result is very expensive board
assemblies, not only because of
expensive system electronics, but
also due to the extremely high
number of board layers required
for the functionality. It is not
unusual to find up to 30-40 layers
in advanced ICT boards.

All together this means that
board space is very expensive

in modern ICT equipment and
everything that is not part of the
main system electronics needed
for the required functionality
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Figure 3

must be limited to an absolute
minimum in terms of board
space.

Application Examples

The first example is a board with
conventional power interface
circuitry (see Figure 2).

The power interface was designed
a long time ago and has been
used on many different boards
for many years because it works,
and besides there is no skilled
power design engineer available
to improve it. Components are
old and costly, and the circuitry
occupies a rather large area

Figure 4

on the board. There are also
increased demands on system
availability and requirements for
hot-swap and the power interface
must therefore be redesigned
and include alarm and power
management. A PIM will solve
all these issues at lower cost

and significantly reduced board
space.

The second example (see Figure
3) illustrates the board space that
can be saved using the newly
designed sixteenth-brick-format
PIM4006 micro-power-interface-
module (see Figure 4), which in
addition to conventional input
circuitry includes
an |12C interface.

This module has
been developed to
meet the highest
demands in
system availability
and robustness
and also

includes a digital
communication
interface for
system architects
to monitor the

status of the application via
software. The use of the latest
technology to increase the
amount of filtering has resulted
in significant board-space saving
(on both sides of the board). This
space can be used for additional
system processing capability
while also simplifying power
management and shortening
time-to-market.

Also in this case, a PIM can

save valuable board space and
cost. This is possible due to an
optimized design made by skilled
and experienced power design
engineers. The PIM utilizes
smaller component packaging
and advanced solutions, but still
with a reduced bill-of-materials.
Power management and internal
communication makes it
possible to reduce the hold-up
time requirement and thereby
minimize the required amount
of capacitance. The result is a
PIM that occupies only one-third
maximum of the area taken by
the discrete design.

Standardization in power
distribution for ICT equipment
will continue to meet demands
from telecom and datacom
operators for second sourcing
and decreased cost. New PIMs
are being developed for different
power distribution standards
and power levels, as well as
proprietary solutions, making
them a viable choice in most
applications.

WWWw.ericsson.com
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- AC/DC POWER SUPPLIES

What's shrinking AC-DC power

supplies?

Smaller components, enhanced thermal performance, and DSPs
enable smaller units with the same power rating.

By: : Don Knowles, Director of Engineering, N2Power

ower supply design
trends are clear and
dramatic: additional
features, improved
efficiency, and smaller size for
the same power ratings, for both
battery-powered portable units as
well as larger, line-powered ones.
For the AC-DC supplies, these
changes are due to multiple
factors combining to yield these
more-compact designs. Some
of the factors are obvious, but
others are not.

Start with the most apparent
change, which is the use of
smaller passive components, as
described in Figure 1. Vendors
are shifting the basic resistor
and capacitor footprint from
0805 (2.0 mm x 1.25 mm, 0.08"
x 0.05") size, to
0603 (1.5 mm x
0.8 mm; 0.06"

packages than they previously
were.

The use of larger parts was a
holdover habit from previous
generations of supplies. It made
a lot of sense for vendors to
continue using parts that were
fully known and characterized in
their supply chain and inventory,
and all of the same size. The
pressure to reduce supply

size, along with the electronic
industry's growing use of smaller
parts in consumer products,

has made them the body size of
choice. The result is a significant
reduction in required PC board
space: the change from 0805

to 0402 cuts a component's
immediate footprint to just 20%
of its previous value—and there

Actual and relative sizes of chip capacitors

are many such devices on a
supply's PC board.

Changes in the supply magnetics
(inductors and transformers)
are also helping squeeze the
size down. Traditionally, these
components have actually been
the most complex ‘simple’
passive ones in the supply's
implementation, often custom-
designed by the OEM to get
precisely the desired and often
subtle combination of primary-
and secondary-tier parameter
values (including inductance,
DC resistance, size, form

factor, winding type, insulation,
orientation, volume and cost).
In addition, supply designers are
also making better use of the
available inductor volume. For

Case size Length (mm) Width (mm)
x 0.03") and to 0402 1.00 (0.039in) 0.50 (0.020in) 0.50 ,
an even-smaller 0603 1.60 (0.063in) 0.80 (0.031in) 1.28 |
0402 lLommx | 0805 2.00 (0.079in) | 1.25 (0.049in) | 2.50 |

0.5 mm; 0.04"
in x 0.020")
size. Diodes,
as well, are
also available
in smaller Figure 1

m m Relative sizes
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Figure 2a

example, they are re-orienting
the inductor to take advantage
of the supply's available height-
dimension headroom, in return
for a smaller footprint.

On the active component side,
the packaging of the power
semiconductors has also
shrunk, primarily for the critical
MOSFETs of the output. Chip-
scale power MOSFETSs such as
the DirectFET from International
Rectifier (where the metal
enclosure which covers the bare
die is also the drain terminal)
provide significantly more power
capability, but in a much-smaller
package. This has had a major
impact on supply size, since

the DirectFET has a 30% larger
MOSFET die but with a 60%
reduction in PC board footprint
compared to the widely used
D2Pak package. Compared to the
D-Pak package, the DirectFET die
can be 33% larger than the D-Pak
package yet its footprint is 54%
smaller.

Of course, power supply size also
involves the necessary concerns

Figure 2b

for thermal loads. To address this
issue, engineers at N2Power are
making extensive use of thermal
gap pads for more efficient heat
transfer. Since this thermal
material can be a significant part
of the bill of materials (BOM)
cost, the company redesigned
the heat-sink structure to use
less of the gap-pad material, thus
cutting both cost and size.

Finally, by increasing the internal
operating frequency for these
switching supplies, designers
have been able to decrease
overall size or, alternatively, pack
a higher power rating into the
same size unit. For example, the
125W XL125 supply from N2Power
has a power factor correction
(PFCQ) circuit operating at 87

kHz and a half-bridge output at
43 kHz. By moving both to 125
kHz in the 160W XL160 design,
the volume of the associated
magnetics was reduced by one
third, thus allowing this 160W
unit to fit in the same 3"xg5" 1U
footprint as the 125W supply, and
with a height of just 1.25".

As another dramatic example of
the benefits of higher frequency,
consider the XL375 from
N2Power, Figure 2a, versus the
XL27s, Figure 2b; despite being
rated 36% higher in output, the
3.3"x5.0"x1.5" (1U form factor)
375W unit (power density of 15W/
in3) is just 0.3" longer than the
1.25"%3.00"%5.00" 275W supply
(12W/in3).

What about "smarter" supplies?
Active components also are
playing a major role in the
shrinking of supplies in several
ways. |C vendors are developing
better analog components for
power management, especially
helpful for complex functions
such as PFC. The result is better
accuracy and performance at
both high and low line voltages.
Early-generation PFC circuits
could achieve power factor up
to 0.99 (nearly a perfect unity
value) at lower AC-line voltage
of 90/110VAC, but the correction
dropped to as low as 0.75 at
240VAC. Using the latest analog
ICs, designs can now maintain
high PFC across the full voltage
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Solar energy committed
to a lifetime of safety
and performance

range, leading to the need for fewer corrective components and thus
smaller supply size.

The most dramatic change for supplies architecture is the
incorporation of digital control circuitry in the inner workings of the
supply. In recent years, processors have been used in the secondary
side of the supply to monitor key points and performance, to establish
some operating parameters and to manage a communications
interface port. But the primary-side control loop still remained analog.

- SOLID-STATE LIGHTING

Increasing e

iciency in LED

street light power supplies

New LLC converter simplifies design of high efficiency PSUs

By: Peter Rogerson, Power Integrations

olid-state exterior

With the availability of high-performance, low-cost digital signal B+
. . . e}
processors (DSPs), digital control now extends to the primary loop. lighting requires a Dl =
This brings additional flexibility in control and operating points, of regulated AC to DC
course, including on-the-fly adaptive control and dynamic operating power supply to drive 3 CONYROL
- ) . . LED load hich . . > [standby| [VCC L
changes. It also impacts size, by putting more of the control functions oads, which can vary in size Supply HB . WV
5 O
in less space, due to fewer needed ICs and passive components to from 1 W to over 500 W. To ensure S '
implement the hardware control-loop strategy. For example, a supply a good return on investment, Input Oov/Wv L
; . . VREF
using DSP control can do three-phase AC line control with about the these power converters must
. . . : i ; RS RTN
same footprint as a single-phase unit. The DSP can also provide the offer very high efficiency (to | ™ pwer I IS o
required PFC with no further footprint penalty. compliment the increased efficacy 3 Hi
. R < iperLCS ¢
of the light source) and a long suRsT = 3
CTSR Conclusion lifetime (due to cost and often B FB G §1/82

. . . O

For switching AC/DC supplies, no single factor is responsible for remote/inaccessible mounting T

LEM commits to renewable energy
sources of the future by enabling control
and ensuring safety of today’s solar
power solutions. CTSR transducers
combine safety and performance,
accurately measuring small AC and DC
leakage currents. Easy installation for
single or three phase residual current
measurement: CTSR is today’s choice
for the energy of tomorrow.

shrinking physical size. An additive combination of the switch to
smaller passives, smaller power MOSFETs and increased availability
of customized magnetic components is the starting point. Add the
enhancements which analog power IC vendors are offering, plus
the radical architecture shift which DSP-based control brings and
the result is that users are seeing shrinking supply size, but without
penalties in performance or cost.

locations). The LLC converter,
which runs in conjunction with
a high-efficiency PFC boost
conversion stage, offers the best
efficiency above 100 W, but also

presents some unique challenges

before a reliable design can be

| LLC Feedback Circuit |—

Figure 2: HiperLCS typical application circuit
An LLC is a resonant switching

converter which employs a half-

bridge switch in series with a

resonant circuit. In an LLC con-

verter, high- and low-side drivers

sistors of the half-bridge conduct
alternately, leaving dead time in
between each conduction phase.

Variations in the drive param-

+ Too nominal current ranges achieved. are connected in a half-bridge eters and parasitic components
0.3 and 0.6 Aue Figure 1: The reduction in needed PC board real estate resulting from - configura- on the gates of the half-bridge

* Printed circuit mounting using components with smaller linear dimensions is dramatic, as ' tion to a MOSFETSs can result in timing

:';\Z%Z;Z'u?k?‘p‘:ii;:fyt?r::ep:;z“re seen by this comparison of 0805, 0603, and 0402 bodies. A 0402 C transformer mismatches and possibly cause
. capacitor takes just one-fifth of the space required by a 0805 chip. A via a series shoot-through and catastrophic

* +5 V single supply it capacitor. failure of the MOSFETS, as il-

: ;Jiztt:nll:Tcifggg?zrah?g::::ﬁ;?:n Figures 2a and 2b: by adopting a higher switching frequency, N2Power The trans- lustrated in Figure 1. The risk

* Low offset drift achieved a 25% improvement in power density for the 375W AC/DC T former’s in- of shoot-through is the primary

¢ ~4010 +105°C operation unit on the right, compared with the company’s 275W power supply ductance and  constraint on the switching fre-

* Reference Voltage access and control
¢ Self-test and degauss
¢ High overload capability: 3300 A

www.lem.com

on the left.

Www.n2power.com

Control [

the capacitor
comprise
the resonant

quency of LLC designs.

Power Integrations (Pl) has

§ load while now addressed these issues
At the heart of power electronics. N the two with a new product family
Figure 1: Shoot-through due to drive-signal timing mismatch  driver tran- called HiperLCS™. HiperLCS
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operation at

e

a switching
frequency of

| Level Shift |

Ly

I—u~

L ] 500 kHz and a
1 .

maximum oper-

ating frequency

of 1 MHz. This

high switching

Corl;#gller l_ll_‘
|

[+

1 portant because
T

I_”_‘ frequency is im-
iC
] it enables the

use of low-cost

SMD ceramic

Figure 3: Closely coupled driver stages and MOSFETs in

HiperLCS control parasitics.

ICs incorporate all the essential
features and protection circuitry
required for an LLC converter
into a single monolithic IC family
capable of up to 440 W outputr.
Devices include two 530 V power
MOSFETs, high- and low-side
drivers, an LLC controller, UV
and OV shutdown and brown-in/
brown-out protection. (Figure 2)

In HiperLCS ICs, the output
high-voltage MOSFETSs, together
with the drivers, level shift and
controller, are closely coupled on
a single silicon die. This enables
accurate control of variations in
the entire drive system, allowing
compensation of all parasitic
elements. In addition, the dead
time and duty cycle matching are
trimmed device by device during
manufacturing, with duty cycle
balanced to within +1 percent.

(Figure 3)

The accurate control of drive
timing enables HiperLCS ICs to
maintain nominal steady-state

capacitors in

A further advantage of using a
high-switching frequency is that
significantly smaller transformers
and output inductors are required,
enabling production of low

profile designs with only 11 mm
headroom.

Precise duty-cycle trimming
ensures accurate duty-cycle
sharing between the two output
diodes and between each half
of the transformer’s secondary
winding. Therefore it is not
necessary to oversize the output

the output
or—
HiperLCS
—C
: ) (]
L *
[«

Duty Cycle Balance = +/- 1%

Ip

Output Diode Current 2 A/div

Figure 4: Output duty cycle balancing

loop instead of bulky electrolytic
capacitors. Ceramic capacitors
are also preferred in long-lifetime
applications such as area light-
ing, because they do not suffer
from parameter drift or premature
failure — unlike electrolytic capaci-
tors which often fail at elevated
temperatures.
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diodes to accommodate current
imbalances. (Figure 4)

If the duty cycle becomes
imbalanced, it will be necessary
to specify the output diodes to
accommodate the worst-case
peak current. The transformer
would also have to be designed to

Figure 5: Effect of imbalanced duty cycle

deliver the higher current. Clearly,
efficiency would suffer because of
the IR losses resulting from the
higher peak currents. (Figure 5)

Figure 6 includes the essential
elements of a complete power
supply with HiperLCS device
output. At the AC supply input, a
CAPZero™ X-capacitor discharge
IC saves energy by preventing
continuous current drain through
discharge protection resistors. A
HiperPFS™ IC, a high efficiency

L
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power factor
correction front-
end, delivers

380 VDC to the
HiperLCS device
output stage.
Devices in the
TOPSwitch™:-

JX family provide

a very low-
consumption
standby supply
that serves two functions: first, it
enables functions such as remote-
on/off of the main supply; and
second, it delivers a 12 VDC
supply to HiperPFS and HiperLCS
devices while the main supply is in
standby.

Efficiency

HiperLCS ICs have two modes
of use. For high-efficiency
design, their resonant control
circuitry provides very low power
loss, enabling designs that are

b

1By

greater than g7 percent efficient
at a nominal 66 kHz switching
frequency. If cost and size are

the determining design criteria,
then a high-switching frequency
is required. In this case, efficiency
still remains high — for example,
96 percent at 250 kHz, the
frequency where maximum power
is achieved.

When coupled with a HiperPFS
power factor correcting front-end,
as in Figure 6, the design achieves
overall efficiency levels of over 89
percent at full load.

Modeling

HiperLCS ICs allow the designer
to optimize the design by setting
parameters such as the maximum
and minimum switching
frequencies and dead time to
match power train requirements.
The frequency at which the supply
enters burst mode can also be

Dv] vee

| \.rccnl
| vee

HiperPFS |2
s CO

L L PRC [ VREF
T [ P
|_DT/BF

owuv | HiperLCSs

HB — | ‘ ™ g

—0
[+1+]
oUTPUT
3

{LLC Feedback Gircuit |-

3

TOPSwiteh-JX

%x

v

S

F =

Figure 6: A complete power supply using the HiperLCS device
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Figure 7: Alternate Layout for LCS Footprint using Round
Pads with Jumper Connecting Two Grounds Highlighted.

adjusted. This allows the power
train to be optimised for maximum
efficiency while still maintaining
regulation at zero load during
input voltage swells.

With all these options available
to the designer, it is essential to
use an accurate modeling tool

to simulate the circuit’s behavior
and automate the design of the
transformer and inductors. Power
Integrations’ Xls Expert Suite
Version 8, a real-time design and
modelling tool, fully supports
HiperLCS designs. The software
provides a complete first-pass
design capability for both the
transformer and resonant power
train. The unique switching model
within Xls is accurate to within 3
percent. This is a great improve-
ment on most simplified AC mod-
els which are only accurate to 15
percent. The enhanced accuracy
significantly shortens the design
cycle by eliminating the prototyp-
ing of repeated iterations. Ap-
plication Note AN-55, published
by Power Integrations, contains a
step-by-step procedure for using

Xls to design a
HiperPFS
application?.

Tight layout
With high cur-
rents switching
at frequencies
of soo kHz, it
must be un-
derstood that
the placement
of components
and wiring
traces requires careful attention in
order to achieve maximum perfor-
mance. Certain pins of the Hiper-
LCS IC, such as the FEEDBACK pin
or DEAD-TIME/BURST FREQUEN-
CY pin are sensitive to noise and
therefore require decoupling. The
transformer is a source of both
high di/dt signals and dv/dt noise.
Di/dt signals can couple magneti-
cally to sensitive circuitry, while
dv/dt signals can inject noise via
electrostatic coupling. Electrostatic
noise coupling can be reduced by
grounding the transformer core,
but it is not economically feasible
to reduce the stray magnetic field
around the transformer without
drastically reducing its efficiency.
Sensitive traces and components
(such as the optocoupler) should
be located away from the trans-
former to avoid noise pick-up.

The HiperLCS datasheet contains
further detailed information of how
to address component placement
and trace layout issues. Figure 7
gives an example.

Power Integrations’ Reference
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Design Report RDR-239 describes
a complete HiperLCS design
appropriate for exterior lighting
applications. The converter pro-
duces a 6.25 A output at 24 V with
>95 percent efficiency at full load3.
The Reference Design Kit RDK-239
includes a working power supply,
sample devices, unpopulated PCB,
data sheet, comprehensive engi-
neering report, Pl Expert design
software and other related docu-
mentation.

With HiperLCS, Power Integra-
tions has made designing high
efficiency LLC power converters
simpler and faster. The integrated
device itself deals with the match-
ing of timing and the control of
parasitics, and ready-made evalu-
ation examples give the designer
a head start. HiperLCS technology
is a new resource for the roll-out
of LED street and area lighting,
using higher efficiency converters
to provide ever greater savings in
energy consumption.
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Elegant step-down conversion for
24V industrial applications

supply voltage and current monitoring is crucial to conserving power
and guaranteeing reliability

By: Frederik Dostal, Analog Devices

ndustrial power supplies
need to have very high effi-
ciency today and often times
need to be highly compact.
In combination with the typical
24V rail available, many solutions
utilize a switching regulator rated
for 36V Vin max. Unfortunately
most solutions available are non-
synchronous switching regulators
with an external Schottky diode.
New synchronous solutions in-
tegrating the high side as well as
the low side MOSFETs in one chip
offer small solution size, high effi-
ciency and especially low switching
noise. This article will introduce
and discuss a typical 24V down
to 5V converter solution with the
ADP2441 industrial buck regulator
IC.

Figure 1 shows the circuit diagram
of a 24V to 3.3V step down conver-
sion for industrial applications. In
such applications, 24V nominal in-
put voltage usually means that the
actual input voltage will me much
higher. Typically, plus or minus
20% is quite a common tolerance.
Combined with possible input volt-
age spikes, very often applications
demand 36V Vin max. Usually the
higher the input voltage capability

[ 1

Vi ADP2441
V

SS EN PG BST 1

SwW

FB

shows the
AC-current

T _rm

flow. These
AAA Vout

Vin J_ ce
24V T_I_J-_GND freq Vec Comp

[ £ Wy 3

which have

o ‘|‘ 3.3V

Figure 1. Circuit diagram of the ADP2441 step-down
switching regulator in a 24V nominal to 3.3V conversion

of a given DC/DC converter the

better. Very often, the 24V sup-

ply rail is distributed across large

factory floors with many different

loads attached. Any cable and
connector parasitic inductance as

well as different loads turning on

and off will generate a quite
noisy and voltage spike
prone environment.

Low EMI, easy board layout
It is very elegant not having
to worry about an external
Schottky diode. After all

it is one less component

to worry about. Also a low
EMI, optimized board lay-
out becomes very simple.
Figure 2 A and B shows the
current flow in a buck regu-
lator during the on-time
and current flow during the
off-time of a synchronous
buck regulator. Figure 2 C

to be kept
very short
and tight
to avoid
large loops with excessive para-
sitic inductance which will gener-
ate noise. Using a synchronous
switching regulator with the high
side and the low side switch inte-
grated, the trace between the high
side and low side switch stays all

Vin . l Vout
J
I TI

Vin /H\/\/\ Vout

=

SH— T

UJ
sl T_E]

Figure 2. Current flow of a synchronous buck
regulator during the on-time (A), the off-time
(B) and the traces with AC current flow (C)
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internal on the die. This AC trace
will not need to go through bond-
ing wires, 1C package pins and
board traces with quite high para-
sitic inductance. This AC trace is
kept local with low parasitic induc-
tance and thus very low EMI.

The only trace the design engineer
needs to worry about is the con-
nection traces of the input capaci-
tor. It needs to be places as close
as possible to the Vin and ground
pins of the IC. This is a simple task
and thus board layout is very easy.
Very good EMI behavior can be
achieved this way.

High efficiency

Synchronous switching regulators
(two active switches instead of
one active switch and one diode)
are usually more efficient than
non-synchronous regulators. This
efficiency advantage becomes
significant as the output voltage
becomes lower and lower in newer
applications. The voltage drop
across a diode of about 0.6V ver-
sus the voltage drop across a fully
turned on MOSFET (0.2V as an
example) is higher. When looking
at an output voltage of 12V, this
voltage drop difference is not so
significant.

When dealing with output volt-
ages of 2.5V or 1.8V however, the
voltage drop across the low side
switching element becomes quite
important for the overall efficiency.
Five years ago, most industrial
applications powered off a 24V
bus, required a 5V system voltage
for some function. Today, we see

applications where the highest

system voltage is 3.3V or even 2.5V.

For these systems, the efficiency
advantage of using a synchronous
switching regulator becomes
greater.

High switching frequencies
Designing a power supply with
high switching frequencies in-
creases switching losses and thus
decreases the overall efficiency

in most cases. However, some
applications call for low solution
cost as well as small solution size.
These demands yield the utiliza-
tion of a high switching frequency
in order to save space and cost

of the inductor and capacitors
used. The ADP2441 has an adjust-
able switching frequency of up to
1MHz. The ADP2442 is very simi-
lar to the ADP2441 but the switch-
ing frequency can also be synchro-
nized to a clock frequency of up
to 1MHz. While 1IMHz is not so
unusual for a switching regulator,
there is an important limitation
which many available devices on
the maket have. It is the minimum
on-time. This is a time period that
the switching regulator keeps the
high side switch turned on before
it can turn it back off. While at

low frequencies,
the minimum on-
time does not
matter much, at
higher switching
frequencies this is
a very important
specification. At
1MHz switching
frequency, there
is 1000ns in one
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cycle. When stepping down 24V to
2.5V, the duty-cycle would need to
be roughly 10%. So the switching
regulator needs to turn on the high
side switch for 100ns.

If the nominal 24V happens to be
a bit higher for a certain amount
if time, the on-time will reduce to
periods shorter than 10ons. Many
36V switching regulators on the
market have a minimum on-time
of higher than 150ns and in many
cases the minimum on-time is
not even specified. Circuit design-
ers then notice that the regulator
is skipping switching cycles and
that the switching frequency is
not fixed at IMHz anymore. The
ADP2441 was designed for high
switching frequencies at large
step-down ratios. It has a speci-
fied minimum on-time at sons
typical and 65ns is guaranteed as
a worst case value. This allows
the design of step-down switching
converters at IMHz from a high
input voltage to very low output
voltages.

Circuit example and design tools
Figure 3 shows a circuit stepping
24V industrial bus voltage down
to s5V. It is operating at 500kHz

Figure 3. Small size evaluation board 24V to 5V as
linear regulator replacement (photo: Semitron)

Bode Plot

Gain (dB)

Trenquemey (7]

Screenshot of design tool
which is a good compromise

between high efficiency small
solution size and low component
cost. The board was designed by
the franchised German Distribu-
tor Semitron (www.semitron.

de) to be used as a replacement
for 24V to 5V TO-220 packaged
linear regulators which are still in
place in many low current indus-
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trial applications today.

For design engineers there is

a circuit design tool available
which can help to select external
components and circuit param-
eters such as switching frequency
very quickly. The tool is able to
select the right external compo-
nents from a passive compo-

and the amount of
weswis | output voltage over-
; shoot or undershoot
which is acceptable.
Then the tool will
select the right type
of output filter to
accommodate these

requirements. Stability consider-
ations can be evaluated with the
integrated Bode plot section. The
tool can be downloaded free of
charge from the product folder
of the ADP2441 on the Analog
Devices website.

www.analogdevices.com

EUROPE
Power Systems Design: Empowering Global Innovation

N\

WWW.POWERSYSTEMSDESIGN.COM

37


http://www.powersystemsdesign.com

38

- DC/DC CONVERTERS

Current-mode controllers can
provide benefits over
voltage-mode counterparts

The ability to sense a very low ramp voltage maintains excellent

stability

By: Bruce Haug, Linear Technology

s Microprocessors
and Digital Signal
Processors demand
progressively higher
current at lower operating
voltages, it becomes more
critical to minimize power supply
conduc-tion losses by making
the resistance of the current
sense element as low as possible.
However, a low resistance current
sensing element produces a
lower ramp voltage, which is not
generally conducive for stable
operation when using a current
mode control-ler. A low ramp
voltage causes a current mode
controlled switching power
supply to have significant jitter
and can become unstable in
most applications. Accordingly, a
voltage mode controller is normally
used for these applications even
though it has deficiencies and
potential reliability issues.

A current mode controlled
switching power supply has several
advantages over a volt-age mode
switching power supply, these are:
1. Higher reliability with fast,

cycle-by-cycle current sensing
for output short circuit and
overload protection. A voltage
mode controlled power supply
is slower to re-act to an over
current condition which can
result in a failure in some
applications.

2. Simple and reliable feedback
loop compensation allowing
the power supply to be stable
with all ceramic output
capacitors making for a
smaller solution size.

3. Easy and accurate current
sharing in high current
multiphase designs.

However, for high current outputs
of typically greater than 20A a low
DCR inductor will not produce
enough of a voltage ramp signal
for a current mode controller

to be stable under all operating
conditions and so a voltage mode
controller has had to be used. This
is about to change.

Linear Technology has recently
released the LTC3866, a current
mode controller that has the
ability to sense a very low ramp

WWW.POWERSYSTEMSDESIGN.COM

voltage and maintain excellent
stability. The LTC3866 is the first
true current mode controller that
breaks through the minimum 1m
required DC resistance inductor
and still maintains stability.

The LTC3866 is a peak current
mode synchronous step-down
DC/DC controller that al-lows
the use of very low DC resistance
power inductor using a novel
DCR sensing archi-tecture that
enhances the signal-to-noise
ratio of the current sense signal.
A power in-ductor DC resistance
of as low as 0.17 milliohms can
be used to maximize converter
ef-ficiency and increase power
density. Furthermore, this

new DCR sensing technique
dramatically reduces the switching
jitter normally associated with
low DCR resistance applications.
DCR temperature compensation
maintains a constant and accurate
current limit threshold over a
broad temperature range.

This device operates from a 4.5V
to 38V input voltage range that
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Figure 1: Typical LTC3866 Applications Schematic for 12Vn to 1.5VouT at 30A

encompasses a wide range of
applications. Strong onboard
N-channel MOSFET gate drivers
allow the use of high power
external MOSFETs, DrMOS devices
or power blocks for an output
current of up to 40A, with output
voltages ranging from 0.6V to 3.5V
when using the onboard re-mote
sense Diff Amp and 0.6V to 5V
when not using remote sense. The
LTC3866 can easily be paralleled
by tying the ITH pins together of
multiple devices for even higher
power multiphase applications. A
low current sense threshold from
1omV to 3omV can be selected.
The fixed operating frequency is
adjustable from 250kHz to 770kHz
or can be synchronized to an
external clock. Additional features
include an internal bias voltage
regulator, soft start or tracking,
overvoltage protection, soft short-
circuit recovery, current limit
foldback, thermal shutdown and
external Vcc control. The LTC3866
is available in thermally enhanced
4mm x 4mm QFN-24 and TSSOP-
24E packages.

a 14dB signal-
to-noise ratio
improvement in

100
response to low
90 - .
___,’/’ voltage sense sig-
80 A nals. The current
70 7 limit threshold is
SH 4 still a function of
/
& ' K /H! the inductor peak
g 0 { 71 Vin=12V current and its
(u:_: 40 / /|| Vour=1.5V
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20 4 d — CCM set from 1omV to
/’/ —— PULSE SKIPPING 30mV in a smV
10 |4 = === Burst Mode
4’/ OPERATION steps. The part-to-
0001 01 1 10 160 part current limit

LOAD CURRENT (A)

Figure 2: Efficiency Curve of Figure 1 Schematic, Show-

ing Efficiencies >90% Are Possible

Typical Application

The LTC3866 can work with very
low DCR inductors due to its ability
to operate with only a small peak-
to-peak sense voltage. Figure 1
below shows a LTC3866 schematic
circuit design that operates from

a nominal 12V input and produces
a 1.5V output at up to 30A. An
induc—tor with DCR = 0.32mQ

is used to maximize efficiency

error is only about
1MV over the

full temperature
range assuring
good accuracy.

3866 TAO1b

In addition, since the LTC3866
uses constant frequency peak
current mode control archi-tecture,
it guarantees cycle-by-cycle peak
current limit and current sharing
between dif-ferent power supplies.
It is especially well suited to low
voltage, high current supplies be-
cause of a unique architecture

that enhances the signal-to-noise
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Figure 3: High Efficiency, 1.5V/25A Step-Down Converter with Very Low Output Ripple
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Figure 4: Low Output Ripple Curve of LTC3866 Figure 3 of less than 10

Schematic

ratio of the current sense circuit.
The improved signal to noise ratio
minimizes jitter due to switching
noise, which could corrupt the
signal. The worst case switching
jitter is reduced by 60% when
com-pared to a standard current
mode controller.

Low Output Ripple Application
Because the LTC3866 only requires
a ramp signal about a quarter of
the sense signal of the next best
current mode converters, output
ripple can be drastically reduced by

mV, as shown
in figure 4 is critical for extremely
noise sen-sitive applications such
as test/measurement systems and
audio devices.

Alternatively, the LTC3866 can

be used with power blocks and
DrMOS devices for a more
compact and very high output
current. Figure § shows a dual-
phase, high efficien-cy, 1.8V/80A
power supply based on two
LTC3866 controllers driving power
blocks in parallel. The current
share between phases is within
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ling the phase
current.

In applications where a higher
value DCR inductor or sense
resistor is used, the LTC3866
can be configured like any
typical current mode controller
by disabling the SNSD+ pin by
shorting it to ground. An RC filter
can be used to sense the output
induc-tor signal. If the RC filter is
used, its time constant, R« C, is
set equal to L/DCR of the output
inductor. In these applica-tions,
the current limit is normally five
times larger for the specified
current sense.

Conclusion

The LTC3866 allows the use of
an ultralow DCR current sensing
element to increase the efficiency
in high current applications. Its
current mode control provides
the benefits over the alternative
voltage mode controller of high
reliability with fast, cycle-by-cycle
current sensing, simple feedback
loop compensation and the ability
to use all ceramic capacitors for
the smallest solution size. The
LTC3866 is a good fit for low volt-
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age, high current step-down
converter applications
needing high efficiency and
high reliability. Tracking,
strong on-chip drivers, mul-
tichip operation and exter-
nal sync capability fill out
its menu of features. The
LTC3866 is ideal for point-
of-load computer and tele-
com sys-tems, industrial
and medical instruments,
and DC power distribution
systems. Finally, a power
supply designer can have a
controller that incorporates
the best of both current
and voltage mode control
schemes.

www.linear.com
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APEC 2013 video roundup

Highlight videos from the APEC exhibition floor

By: Alix Paultre, Editorial Director, PSD

Teledyne LeCroy

Steve Murphy of Teledyne
LeCroy demonstrates power
analysis for efficiency

Steve Murphy of Teledyne LeCroy demonstrates several of the company's latest devices for Power Systems
Design and how they aid designers in power analysis for efficiency gains. Understanding phenomena like
switching losses, conduction losses, and other power-robbing issues are critical to designing an efficient
system. http://tinyurl.com/PSD-Teledyne-LeCroy

GaN Systems

GaN Systems goes over their
GaN product development

Y

Geoff Haynes, the VP of Business Development for GaN Systems, explains the development of the company's
GaN technology over the recent years at their booth. GaN devices offer exceptionally low on-resistance and
negligible charge storage, and can enable switching efficiencies well in excess of current silicon based solutions
http://tinyurl.com/PSD-GaN-Systems
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Micrel

Micrel motor control
IC reference design
demonstration

Miguel Mendoza of Micrel demonstrates a couple of reference designs, including a motor control system using
Micrel ICs. The presentation also includes an explanation of the various drivers and the software used in the
system presentation. ttp://tinyurl.com/PSD-Micrel

NXP Semiconductors

NXP shows their GreenChip
power conversion technology

Erving Seinen of NXP demonstrates a power supply created using GreenChip technology, which lies at the heart
of NXP's power and lighting ICs. GreenChip products are suitable for any device that draws AC power and offer
benefits from minimal standby power (as low as 10 mW) to CFL-dimming capability.
http://tinyurl.com/PSD-NXP

Xitron

Xitron power test analyzer
demo

Allan Armstrong of XiTRON Technologies, precision power testing and measurement equipment for industrial
manufacturing and consumer electronics, talks about their power quality analyzer product line, demonstrating
their latest portable tester. http://tinyurl.com/PSD-Xitron
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Intersil

Intersil describes their latest
digital power converters

IMPLY

Chance Dunlap, Senior Marketing Manager at Intersil's Zilker Labs, explains their latest digital power devices.
He talks about Intersil’s digital point-of-load module and how their new DC/DC converter module can deliver
up to 17 amps. Chance also gives a sneak peek of Intersil's upcoming power management GUI.
http://tinyurl.com/PSD-Intersil

CUl

CUI demonstrates their
Novum digital power
management system

Mark Adams, SVP of CUI, demonstrates their Novum Advanced Power product line for Power Systems
Design. The Novum series has been developed to specifically address the growing complexities in today's
advanced designs. Incorporating high-density intermediate bus converters with intelligent firmware, coupled
with digital point-of-load dc-dc modules. http://tinyurl.com/PSD-CUI

. N International Rectifier
International Rectifier explains

their latest SupIRBuck
integrated DC/DC converters

i ) 'i
\ - =51 o
Ramesh Balasubramaniam of International Rectifier describes their latest SupIRBuck integrated DC/DC
converters at APEC 2013, touting their newer smaller form factor. One of their latest devices, a 25-Amp dc/
dc converter is highly integrated to occupy a footprint of 12mm x 14mm. along with all necessary peripheral

devices. http://tinyurl.com/PSD-International-Rectifier
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Microsemi

Microsemi demonstrates their
digitally-controlled power
devices

= il e
Mark Smith of Microsemi demonstrates the performance aspects of their digitally-controlled device portfolio,
including the LX7165, a digitally-controlled step-down regulator IC with an integrated 3omohm high-side
P-channel MOSFET and a tomohm low-side N-channel MOSFET. http://tinyurl.com/PSD-Microsemi
g o N Methode

Methode demonstrates their
SmartPower Stack embedded
power technology

SmartPower Stack™ is presented as the industry's first fully integrated, deployment-ready commercial
embedded system for high volume solar, photovoltaic, wind, hybrid electric and electric vehicles, as well as
high capacity uninterruptible power supply and efficient motor drive applications.
http://tinyurl.com/PSD-Methode
Renesas

Renesas displays their latest
miniPOL devices

Ené'ln'g the Smart Society.
e ‘ ; :

%

Tad Keeley from Renesas describes Renesas' latest miniPOL devices for Power Systems Design at APEC 2013.
Claiming to have highest level of miniaturisation and power density available, the devices can achieve a size
reduction of up to 75% compared to earlier products, perform high efficiency power conversion during normal
load (typically 90% of the time), and execute the frequent transitions to low power mode quickly.
http://tinyurl.com/PSD-Renesas
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Paultre on Power podcast
highlights

By: Alix Paultre, Editorial Director, PSD

Cree
Talking to Paul Scheidt of Cree on solid state lighting

ih![m] Steve Murphy of Teledyne LeCroy demonstrates several of the

; company's latest devices for Power Systems Design and how they
e aid designers in power analysis for efficiency gains. Understanding

: phenomena like switching losses, conduction losses, and other power-
robbing issues are critical to designing an efficient system.
http://tinyurl.com/PSD-Teledyne-LeCroy

SBE
A talk with Mike Brubaker of SBE on capacitors

[8] In this podcast we talk to Mike Brubaker, the CTO of SBE, a leading
21 developer and manufacturer of film capacitors and their related
=1 systems. We talk about current industry challenges, and how capacitor
: technology is rising to meet them with new technologies and products.
http://tinyurl.com/PSD-SBE-interview

Yokogawa
Hafeez Najumudeen of Yokogawa on Power Measurement

J Marketing Manager for Power Meters and Analyzers about power
=1 measurement and its importance to the design engineer. We discuss
. issues like precision vs. accuracy, the importance of establishing a

http://tinyurl.com/PSD-Yokogawa-interview
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device's energy consumption as a means to address improved product
efficiency, and the company's latest tools to aid engineers in their tasks.
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Microchip

A talk with Steve Stella of Microchip on the migration to
digital power

=k '.El In this podcast, we talk to Steve Stella, a power electronics, digital

. X1 power, and alternative energy professional with Microchip, a leading

E‘? developer of embedded solutions. Many engineers are facing issues

1 ! with the migration to digital, and this discussion covers ways to
address digital power, communications and management.

http://tinyurl.com/PSD-Microchip-interview

Efficient Power Conversion

A chat with Alex Lidow of Efficient Power Conversion on
GaN devices

EPC is a leader in enhancement-mode Gallium Nitride based power
: management devices. EPC was the first to introduce enhancement-

mode Gallium-Nitride-on-Silicon (eGaN®) FETs as power MOSFET
replacements. http://tinyurl.com/PSD-EPC-interview

iWatt

Talking with Scott Brown of iWatt about solid-state lighting
drivers

Transphorm
Transphorm's Umesh Mishra talks GaN at APEC

.= In this podcast, Alix talks to Umesh Mishra, Chairman and CEO of
.P-“_‘ 4 Transphorm, a leader in GaN power devices. the discussion covers

' “ -:'-E",. their newest developments, some of the latest news from the company
g2 at APEC, and the products they currently have available.

http://tinyurl.com/PSD-Transphorm-interview
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EEMBC

Markus Levy of EEMBC on microprocessor benchmarking
and its impact on design

is also president of the Multicore Association, and chairman of the
! Multicore Developer's Conference.
http://tinyurl.com/PSD-EEMBC-Interview

AMS
Sajol Ghoshal of ams on sensor-driven systems

2W lighting for ams, a developer and manufacturer of high-performance

£ analog semiconductors such as sensors, sensor interfaces, power

% management ICs and wireless ICs. Sensor-driven systems are key to
increased operating efficiency and proper energy management, among
other things. http://tinyurl.com/PSD-ams-Interview

lkon

Conor McAuliffe of Ikon on solid-state lighting development

Semiconductor, about solid-state lighting and its development in the
marketplace. The discussion ranges from the pursuit of an Edison-
socket solution to the importance of cost, size, and reliability in a solid-
state lighting product. http://tinyurl.com/PSD-lkon-Interview

Anagear

Talking to Guus Dhaeze of Anagear about low-power system
design issues

mixed-signal semiconductor company with innovative integrated
solutions for systems where ultra-low power consumption is vital.

for more information on podcats visit www.powersystemsdesign.com
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Solving the smart-grid
puzzle

By: Alix Paultre, Editorial Director, PSD

any of us talk about

the smart grid

without really thinking

about what we are
really talking about. Most people are
referring to functionality sets instead
of the systems that furnish them, and
in that lies a problem for those who
must define the development of the
systems involved. It is easy to say
that solar panels and wind turbines
will be part of the picture, but usually
it is only the engineer that thinks
about what systems will be required
to achieve those lofty goals.

Even in cases where there is an
understanding of the technologies
required for a desired functionality,
there are often multiple potential
solutions. Let’s look at grid stability
and energy storage for managing
the varying power output of solar

& wind systems and for peak/off-
peak power management. There are
multiple solutions that range from
lead-acid battery stacks to fuel cells
and ultracapacitor stacks, and each
has their own particular operational
parameters, weaknesses, and
strengths.

With multiple technologies available
to draw solutions from, and mixed
(and occasionally conflicting)

requirements from users and

providers, the design industry must
not only work towards a solution

for their immediate application,

but since that solution is being
implemented in a developing
infrastructure environment it
behooves the engineer to not only
address their application, but also be
clairvoyant enough to see far enough
into the future to be able to prepare
their system for integration into any
future technical infrastructure and

regulatory environment.

Engineers do not like to think about
politics (at least in a professional
sense), but the regulatory
environment that is developing to
guide and establish parameters for
smart-grid infrastructures (often
framed as functionality requirements
or restrictions) should be a very
important concern to the engineering
community. Any legislation or
regulation on grid-level energy
management will now directly

impact the development of the
systems designed to operate in that
infrastructure in the new paradigm of
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the internet of things.

Going forward, eventually every
powered device will have some
communications responsibility

to cloud-based systems, which
also means that almost every
powered device will have to have
all the communication and security
protocols of any other web-based
software-driven system, from
consumer, to industry, to military,
and everywhere in-between. Your
white goods will have firewalls, and

your car will have an IP address.

What that means for the
development of the smart grid is that
the industry should at least develop
a common system of standards for
power infrastructure that created an
intelligent structured environment
for system development, or the
piecemeal efforts going on right now
across the country will never properly
develop into a reliable and rugged
power grid to serve America into the

next century.
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Innovative Power Module
Reduces System Size

pIPM™ Power Modules Deliver up to 60% Smaller Footprint

Hall 9, Stand 413

Specifications: Features:
® -
Motor 3-phase motor control IC
Part Number Voltage (Dlg@ eurrent™™  Motor Power Topolo - 12)(1253([()]"’/9 u FI’IOH:‘I i
g ety VO=150/75VRMS  ToPology up to 60% smaller footprint
w/o HS w/HS o Eliminates the need for heat sink
3P Open © DC current ratings from 2A to 4A
IRSM836-024MA | 12x12 | 250V 24 | 470mA A W/72W
SM336 0 X 2 Om2 1 650m b0/ Source  \/oltage range of 250V — 500V
IRSM836-044MA | 12x12 | 250V | 4A | 750mA | 850mA |  95W/110W SSPOSF::
MPM™ Advantages:
IRSM836-025MA | 12x12 | 500V | 2A | 360mA | 440mA |  93W/114W 3;)3:’:9" « Shortens design time
o Shrinks board space requirements
IRSM836-035MB | 12x12 | 500V | 3A | 420mA | 510mA |  108W/135W 3PSC°’“'“°” WIS YOSMESpACE Tquireme
ource e Simplicity - Eliminates Heat Sink
IRSM836-035MA | 12x12 | 500V | 3A | 420mA | 510mA |  100W/130W 3;)3?:: * Replaces more than 20 discrete parts to
deliver a complete motor drive stage
IRSM836-045MA | 12x12 | 500V | 4A |550mA | 750mA |  145W/195W SP Open . '
Source Slashes assembly time and cost
e Simplifies procurement and
inventory management
- \;\‘ \ * Reference design kits available for quick
. ™ % — w) evaluation on any 3-phase motor
¢MOTION — o

INTEGRATED DESIGN PLATFORM | N %

ts Infernational
‘ For more information call +49 (0) 6102 884 311 ReCTIl(I er

or visit us at www.irf.com THE POWER MANAGEMENT LEADER

* IR's iMOTION™ (ai mo shan), representing the intelligent motion control, is a trademark of International Rectifier
** RMS, Fc=16kHz, 2-phase PWM, ATCA=70°C, TA = 25°C
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