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The VARIS™ concept -
flexible power based on
a modular concept

VARIS™ - the modular inverter system

The modular and flexible design of VARIS™ offers compelling benefits. The
desired power can be easily achieved via parallel connection of the modules.
You are also free to choose your preferred cooling type. And the use of
standard components makes VARIS™ both cost-efficient and sustainable.
Talk to the House of Competence, because VARIS™ fears no comparison.

IGBT classes: 1200 V or 1700 V, up to 1400 A
Parallel connection

Air or water cooling engineered by
Compatible rectifier VARIS™ R
Compact and powerful with VARIS™ XT Welcome to the House of Competence.

GVA Leistungselektronik GmbH | Boehringer StraBe 10 - 12 | D-68307 Mannheim
Phone +49 (0) 621/7 89 92-0 | www.gva-leistungselektronik.de | VARIS@gva-leistungselektronik.de



Modular AC/DC 600W
Power Supply:
85-265VAC, 3”x 5",
medical and - -
industrial |

High Performance
AC/DC Modular Power

AC/DC Modular Power Supplies:
The highest Power Densities on the Market today!
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Modular AC/DC 1200 W
Power Supply:
85-265VAC, 6” x 6",
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On-site Design-In consultations

IC reference designs

www.we-online.com

® G

0 “next generation” issues!

_O_

WURTH ELEKTRONIK


http://www.powerguru.org

Bodo s Power sysims-

The (jaffery

www.bodospowericom

September 2015

Bodo’'s Power Systems®

2



Is Your Isolation
Really Safe?

You should use Avago Optocoupler
products from EBV Elektronik

Avago optocouplers are certified according to IEC 60747-5-5
The international safety standard for insulation and isolation

fl&]inl¥]ol

Distribution is today. Tomorrow is EBV!

www.ebv.com

Avago’s optocoupler portfolio includes gate drive optocouplers
for driving IGBTs, digital isolators for system control and data
communication and isolation amplifiers for current and voltage
sensing applications. Optical isolation has been a proven technology
since 1975.

Some of the benefits of using optocouplers are EMI Immunity, better
protection against ESD (Electrostatic Discharge), reinforced isolation
and high CMR of up to 40 kV/us. To be really on the safe side, use
Avago optocoupler technology from EBV — Avago’s leading distribution
specialist and the number one in EMEA semiconductor distribution.

For application know-how and design support just contact your local
EBV partner or visit

AvacGo | (2 EBVElektronik

TECHNOLOGIES
| An Avnet Company |
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The World is
One Market

Design and research are done everywhere in
the world, as is manufacturing. The tradi-
tional work-bench countries now perform
design and research. The electronic industry
has taught us to view the world globally. At
one time, chip design was done in the US,
Europe and Japan. Asia mostly did packag-
ing. And this is still true for Malaysia and

the Philippines, where we find companies
specialized in chip packaging. Chip design
locations have for some time included

China, South Korea and India. As electronic
technology is at the forefront of progress,
such globalization reflects well on progress in
standards of living — and a challenge for us
to provide educational opportunities for bright
youngsters around the world.

Only education can help the world progress.
At the moment there is far too much warfare,
and addressing issues through armed
conflict is too often the choice. There are

so many victims killed or perishing in their
attempt to reach a safe country. The United
Nations needs to intensify their efforts to help
these people, and governments must speed
up their integration, and we must change our
attitudes towards minorities and the poor.

In fleeing conflict, they have made a long
difficult trip to survive, to reach some material
stability, and recover their dignity. As the
human rights outlined in the constitution of
the USA are well defined, this could be the
platform for behavior in every country. The
worldwide marketplace should not be the
only global entity.

In the second half of the year we have impor-
tant conferences and shows addressing the
production of semiconductors - like SEMI-

manufacturing that we have come to rely
upon. And they have spread out geographi-
cally to various continents, serving a portfolio
of companies and products.

We have delivered nine issues this year. All
technical articles are archived on my website
and are also retrievable at PowerGuru.
Bodo’s Power Systems reaches readers
across the globe. If you speak the language,
or just want to have a look, don’t miss our
Chinese version: www.bodoschina.com

My Green Power Tip for September:
Start collecting wood for the fireplace, keep
it dry, and use it to heat your home —itis a
renewable resource. Or just help by reduc-
ing your consumption of coal, oil, electricity
or gas.

Little by little we can make our resources last
longer.

Regards

September 8-10 www.epe2015.com

Electrical Fuses 2015 Dresden, Germany,
September 14-16 www.icefa2015.com/

EU PVSEC 2015,
Hamburg, Germany, Sept. 14-18
www.photovoltaic-conference.com

Sept. 15-16 www.mesago.de/en/EDPC

HusumWind 2015, Husum, Germany,
September 15-18 www.husumwind.com

Power Fortronic, Bolonia, Italy,
September 17 http://fortronic.net/power

CRON and productronica. These conferenc-
es highlight improvements in semiconductor Il HY
|llll
i
Events
EPE ECCE 2015, Geneve, Switzerland, E DPC 2015, Nuremberg, Germany, ECCE 2015,

Montreal, Canada, September 20-24
http://2015.ecceconferences.org/

LED LpS Event, Bregenz, Austria
September 22 — 24 www.LpS2015.com
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LF xx10

Current transducer range
Pushing Hall effect technology to new limits

To save energy, you first need to measure it! To maximise energy savings, you need to
measure the current used accurately!

By using the most advanced materials available, LEM’s new LF xx10 transducer range
breaks new ground in accuracy for Closed Loop Hall effect transducer performance.

LEM ASIC technology brings Closed Loop Hall effect transducer performance to the level of
Fluxgate transducers and provides better control and increased system efficiency, but at a
significantly lower price.

Available in 5 different sizes to work with nominal currents from 100 A to 2000 A, the LF xx10
range provides up to 5 times better global accuracy over their operating temperature range
compared to the previous generation of Closed Loop Hall effect current transducers.

Quite simply, the LF xx10 range goes beyond what were previously thought of as the limits of
Hall effect technology.

Overall accuracy over temperature range
from 0.2 to 0.6 % of Ipy

Exceptional offset drift of 0.1 % of Ipy
Fast response time less than 0.5 ps
Higher measuring range

5 compact sizes in a variety of mounting
topologies (flat or vertical)

www.lem.com

Immunity from external fields for your
compact design

100 % fully compatible vs LEM previous
generation

-40 to +85 °C operation

At the heart of power electronics.
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FTCAP Sign Global Distribution Agreement

Richardson Electronics, Ltd. announced a global distribution agree-
ment with Fischer & Tausche, FTCAP GmbH, a leading manufacturer
of custom and standard catalog aluminum electrolytic and film capaci-
tors. The agreement aligns with FTCAP’s focus on identifying new op-
portunities and solutions for customers’ most challenging applications.
For more than 65 years, FTCAP has developed and manufactured
aluminum electrolytic and film capacitors in small to medium-sized
batch quantities. FTCAP offers a broad selection of standard catalog
items as well as custom solutions developed in close collaboration
with customers.

Richardson Electronics is a global channel partner for world-class
electron devices, power electronics, and RF & microwave compo-
nents.

“As an established and reliable capacitor manufacturer with innovative
capabilities, we are excited to partner with FTCAP in order to meet

customer requirements,” said Greg Peloquin, Executive Vice Presi-
dent of Richardson Electronics’ Power & Microwave Technologies
group. “FTCAP offers a variety of high quality product solutions using
tried-and-true technology gained from many decades of experience.”
“Similar to our company, Richardson Electronics has been an industry
leader in providing innovative and high-quality products for more than
65 years,” stated Dr. Thomas Ebel, Managing Director of FTCAP.
“Richardson Electronics’ extensive global network will present our
innovative technology, products and services to customers and their

most demanding design needs.”
www.ftcap.de

Second Successful Alpha Academy Seminar

Alphapresented its latest assembly solutions at the second Alpha
Academy seminar on Tuesday 23rd June hosted by Barbieri, its
Premium Distributor partner for Italy. The event follows on from the
highly successful Alpha Academy seminar held in October last year,
and was attended by over 20 people from a number of key companies
across a broad range of professions including production managers
and process engineers.

The seminar included presentations on the latest Alpha products and
assembly solutions which were a direct result of customer feedback.
Alpha’s Donato Casati and Sandro Crivellaro presented the latest

information on ALPHA® Exactalloy® Preforms, Low Silver Alloys and
the topic of Total lonic Contamination.

The seminar also included presentations from two guest speakers
from Datapaq, a manufacturer of temperature profiling systems, data
loggers and temperature analysis software for industrial heating
systems and Prevent srl, a PCB Manufacturer that provides expert lab
analysis.

Alpha’s Donato Casati and Barbieri’s Davide Barbieri commented,
“The event has been hugely successful and we have received very
positive feedback from the attendees. The technical focus of the
seminar was extremely popular as it provided attendees with useful
takeaways for their daily jobs. This has encouraged us to continue
with the Alpha Academy seminars, with two further seminars planned
for October and February.”

Alpha and Barbieri have enjoyed a long and successful partnership,
with Barbieri supplying Alpha products across ltaly for 33 years. This
year, Barbieri has become part of Alpha’s unique group of Premium
Distributors.

For more information on future Alpha Academy seminars in Italy
please contact Donato Casati dcasati@alent.com

www.alpha.alent.com

Testing Access Barriers: Precision Power Scope is the Key

Yokogawa’s PX8000 Precision Power Scope is playing a key part in
production tests being carried out by Magnetic Autocontrol Group of
Schopfheim, Germany: a major global supplier of vehicle and pedes-
trian access barriers for installations as diverse as access barriers at
Frankfurt Airport, the Paris Metro ticket control systems and the Kuala
Lumpur Petronas Twin Towers.

Each year, Magnetic Autocontrol produces more than 15,000 bar-
riers for the world market. The products are based on a modular
system using a range of standard components which can easily be
customised according to user requirements. For orders from outside
Germany, often only subassemblies or components are shipped from
the factory at Schopfheim. These are then further processed and
assembled by the company’s global branches to produce the finished
end products. This process significantly reduces the transport and

Bodo’'s Power Systems®

September 2015

storage costs resulting in increased efficiency in the overseas sales
activities.

In principle, the operation of these barriers is similar to the direct drive
of a 3-phase control system. The heart of the system consists of one
or more motors along with a control unit. Depending on the applica-
tion and customer requirements, different interfaces are selected
including USB, RS485 or Ethernet Ports as well as inputs from card
readers, key switches or loop detectors. The number of drives can
vary, from one for a standard barrier, up to four for a pedestrian gate.

tmi.yokogawa.com

www.bodospower.com


http://www.rellpower.com/
http://www.rell.com
http://www.ftcap.de
mailto:dcasati@alent.com
http://www.alpha.alent.com/
http://www.tmi.yokogawa.com
http://www.yokogawa.com

ROHIM§

SEMICONDUCTOR

Fur:'.s_rx_‘m e T
Utility Week
Stand B.e31
Vienna

3.-5.11.2015

B High Voltage B High Robustness [ High Integration

ROHM Semiconductor offers a wide line-up of AC/DC Controllers for external MOSFET as well as fully
integrated converters with internal MOSFETs.

D> Ac/DC Converter IC for SiC-MOSFET Driving
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Why using SiC MOSFET for AC/DC?
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BD7682FJ Key Features

¢ Quasi — Resonant DC/DC converter
¢ Integrated Gate Driver optimized

for driving of SiC MOSFET m - —= %N_:__u_%___h
e Low VCC current (19uA @VCC = 18.5V) j‘“ il :_g '
¢ Burst function at light load r]n - F'l—“{l[
e Max. Frequency Controlled (120kHz) STT=
¢ VVCC Over/Under Voltage Protection
e Brown IN/OUT Function
e DC/DC Soft Start

¢ 250 nsec Leading-Edge Blanking
e Over Load Protection ( 128 ms Timer)
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Optimum System for Driving SiC MOSFET

Control IC
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Distribution Partner for China and Taiwan’s Power Supply Markets

GaN Systems Inc., a leading developer of gallium nitride power
switching semiconductors, has appointed Shenzhen APL to distrib-
ute its Island Technology® high-power GaN devices in China and
Taiwan. SZ APL is headquartered in Shenzhen (www.szapl.com) with
additional offices in Shanghai, Beijing, and Taipei. The company has
extensive experience in power electronics components distribution

to major Tier1 customers in the automotive, industrial and enterprise
segments.

Announcing the deal, Girvan Patterson, President, GaN Systems
said: “We are delighted to have signed SZ APL as a distributor, as it
has both significant knowledge of power electronics and strong rela-
tionships with Tier1 Chinese and Taiwanese customers. Demand for
our GaN power switching transistors is growing very rapidly as manu-
facturers seek to design smaller, lighter and more power-efficient
products in order to gain competitive edge. We are expecting multiple
consumer and enterprise products designed with our GaN devices to
be launched in the region in early 2016, with other applications from
our industrial and automotive customers to follow later next year.”
Henry Ruan, President SZ APL comments: “We are very excited
about our partnership with GaN Systems, which allows us to offer
our customers the world’s best GaN power transistors to meet the
challenges of next-generation power electronics. Prior to signing our

distribution agreement with GaN Systems, discussions with our Tier1
customers confirmed GaN Systems as their first choice manufacturer
of GaN E-HEMTSs, so we are very pleased to be able to offer its prod-
uct range — the broadest on the market - to our customers throughout
China and Taiwan.”

Charles Bailley, GaN Systems’ Senior Director, Sales and Market-
ing, Asia adds: “SZ APL has many key relationships with major Tier1
customers in China and Taiwan, as well as a strong focus and under-
standing of power electronics and power ICs. During 2015, we have
significantly increased our customer penetration in China and Taiwan
and look forward to working with SZ APL to continuously add further
major design wins.”

GaN Systems is the first company to have developed and produc-
tised a comprehensive portfolio of GaN E-HEMT power devices with
current ratings from 7A to 250A, in both 650V and 100V ranges. GaN
Systems’ Island Technology® die design, combined with the extreme-
ly low inductance and thermal efficiency of GaNPX™ packaging

and DriveAssist™ technology, provides their GaN E-HEMTs with 45x
improvement in switching and conduction performance over silicon

MOSFETs and IGBTs.
www.gansystems.com

Strengthens Industry Leading CAN and CAN FD Solutions

Yokogawa’s PX8000 Precision Power Scope is playing a key part in
production tests being carried out by Magnetic Autocontrol Group of
Schopfheim, Germany: a major global supplier of vehicle and pedes-
trian access barriers for installations as diverse as access barriers at
Frankfurt Airport, the Paris Metro ticket control systems and the Kuala
Lumpur Petronas Twin Towers.

L

Each year, Magnetic Autocontrol produces more than 15,000 bar-
riers for the world market. The products are based on a modular
system using a range of standard components which can easily be
customised according to user requirements. For orders from outside
Germany, often only subassemblies or components are shipped from
the factory at Schopfheim. These are then further processed and
assembled by the company’s global branches to produce the finished
end products. This process significantly reduces the transport and
storage costs resulting in increased efficiency in the overseas sales
activities.

In principle, the operation of these barriers is similar to the direct drive
of a 3-phase control system. The heart of the system consists of one
or more motors along with a control unit. Depending on the applica-
tion and customer requirements, different interfaces are selected
including USB, RS485 or Ethernet Ports as well as inputs from card
readers, key switches or loop detectors. The number of drives can
vary, from one for a standard barrier, up to four for a pedestrian gate.

teledynelecroy.com

Developer Forum Battery Technologies Takes Place in Hamburg

At the 9th Developer Forum Battery Technologies — November 3-4,
2015 at Lindner Park-Hotel Hagenbeck in Hamburg, Germany — orga-
nized by Batteryuniversity, participants will acquire information about
the latest trends and development potential in the area of lithium-ion
batteries, possibilities for optimal utilization of their capacity and for
determining the ‘state of health’, strategies for maximizing safety with
stationary storage systems and much more.

Whether it’s electric bikes, power tools, household appliances, electric
vehicles, portable computers or home storage — in the meantime,

there is hardly any area of our daily life where lithium-ion batteries are
not yet used. Nowadays, anyone who works as a system developer
must therefore, in all probability, at least become familiar with the
basics of this technology.

Detailed information and registration form can be found at:

www.entwicklerforum-akkutechnologien.de
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Danish Wind Export Asso-
ciation at Husum Wind 2015

The Danish Wind Export Association is your shortcut to Danish
companies who are among the world’s best in their respective areas
within the wind industry. At Husum Wind 2015, 28 of these companies
are showing their newest products and services in hall no. 3B18

www.dk-export.dk

Power & Microwave Technol-
ogies at AMPERE 2015

Richardson Electronics, Ltd. announced its sponsorship and participa-
tion at the 15th International Conference on Microwave and High Fre-
quency Heating (AMPERE 2015) at Cracow University of Technology,
Poland,14-17 September 2015. The Association for Microwave Power
in Europe for Research and Education (AMPERE) is a European non-
profit association devoted to the promotion of microwave and radio
frequency heating techniques for research and industrial applications.
The association has worldwide membership comprised of industrial-
ists, academics and consultants.

The company’s in-house coil manufacturing and testing capabilities
enable strict quality control and repeatability, resulting in faster lead
times and competitive pricing.

Richardson Electronics sales engineers and technical specialists will
be at the booth, offering support and solutions for attendees’ design
challenges and issues for systems operating at a kilohertz through
gigahertz with power capabilities from a few watts to megawatts of

power.
http://ampere.pk.edu.pl/start/
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Aluminum electro-
lytic capacitors for
high ripple currents

PFC products for
energy efficiency
and power quality

Common-mode
chokes for high
currents

Varistors and surge
arresters for over-
voltage protection

EMC and sine-wave - - Sl
= . . High reliability
% filters for currents :
$ o8 kA ] power capacitors
X and'Y capacitors Output chokes
‘ for EMI suppression up to 1500 A
&HTDK

W

UHV ceramic
capacitors for
highest reliability

Pulse transformers
for LAN interfaces

High reliability SMT
power inductors

CeraLink™ capaci-
tors for embedding
in IGBT modules
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Win a Microchip MPLAB®
Starter Kit for PIC24F from
Bodo’s Power!

The MPLAB® Starter Kit for PIC24F
(DM240015) Intelligent Integrated Analog is
a comprehensive development kit featuring
the PIC24F “GC” family of 16-bit micro-
controllers. This family features advanced
integrated analog which reduces BOM cost,
lowers noise, and has faster throughput.

The board demonstrates these features

of the PIC24FJ128GC010 Microcontroller:
direct LCD drive, 16-bit Sigma-Delta ADC,
12-bit Pipeline ADC, 10-bit DAC, Op-Amps,
CTMU, DMA, USB, and XLP low power
consumption.

The demonstration code includes: LCD dis-
play including scrolling text with icons, Sine
wave audio output, Light Sensor, Tempera-
ture Sensor, Resistive Sensor, Watch Crystal
based Time display, mTouch™ User Input
Control with Visual Feedback, Bar Graph
display of sensor and microphone input, and
data logging of 16-bit ADC data to USB drive.
The board also features an analog connector
designed to insert into a breadboard for easy access to analog periph-
erals, and an expansion area for adding RF connectivity.

The board features an analog header, allowing clean analog signals
to be accessed, preserving signal integrity. To complement the
header, the board also features on-board sensors such as light sen-
sor, potentiometer, microphone, temperature, and capacitive touch.
Additional features include USB Host and Device support, RF ex-

pandability, audio output via headphone jack, and on-board debugger/
programmer.

World wide support in English by

Baeale @ B .
BOUD $ 1,51 sysiems®
www.bodospower.com

MPLAB® Starter Kit for PIC24F Intelligent
Integrated Analog (Part # DM240015)

Features:
» 16-bit Sigma-Delta Analog to Digital Converter
» 12-bit Pipeline 10 Msps Analog to Digital Converter
» 10-bit 1 Msps Digital to Analog Converter (2)
» Operational Amplifiers (2)
» Comparators (3)
» Voltage References (3)
» Charge-Time Measurement Unit (CTMU)

For the chance to win a MPLAB® Starter Kit for PIC24F Demo Board,
log onto http://www.microchip-comps.com/bodo-mplab-pic24f and
enter your details into the online entry form.

"*"' r JJ./..'}'f SysiEms
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Simple, Easy Solutions

High Performance 5£ High Price
Call MPS!

Premium DC/DC Power Modules
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*Coming soon

www.monolithicpower.com T
Follow us on: n m
© 2015 Monolithic Power Systems, Inc. Patents Protected. All rights reserved.



GUEST EDITORIAL

Beyond the Chips — Higher Complexity
of Energy-Efficient Solutions Demands
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Semiconductors, the cornerstone of today’s
fast-moving global electronics industry, are
essential to the way we live our lives in

the 21st century. Computers, communica-
tion equipment, consumer products, mobile devices, automobiles,
aircraft, medical equipment, lighting, industrial automation systems
and renewable energy (to name but a few) are all dependent on these
devices for the delivery of effective, reliable, efficient performance.

In fact, it is really no exaggeration to say that semiconductors —

and not least those technologies targeting energy-efficient power
management and motion control — are critical to both the ongoing
advancement of the human race and our responsible stewardship of
this planet’s environment and it's precious resources. We, at Infineon,
believe that we are making life easier, safer and greener — with
technology that achieves more, consumes less and is accessible to
everybody.

Recent history tells us that the birth of the semiconductor can be
traced back to 1954 with the launch of the first transistor. Until then,
many scientists had been skeptical that semiconductors could ever
be realized in true commercial quantities. But, to our great benefit,
history has proved otherwise, with the now famous ‘Moore’s Law’ (that
the number of transistors per unit area on an IC doubles every year)
remaining true for over sixty years!

And while Moore’s Law is typically quoted in relation to process-

ing power it can be argued that it is linked to the larger economics
of semiconductor manufacture as a whole. More specifically, that
ever more sophisticated chips will be developed while maintaining
or driving down unit pricing. And this rule is as applicable to a power
semiconductor or an LED driver IC as it is to a microcontroller or a
logic device.

One thing that has changed since the birth of the semiconductor,
however, is the nature of application design. In the past, the electron-
ics industry was largely built around a few very large OEMs who had
the luxury of employing extensive in-house engineering teams. These
teams would typically design everything from the ‘ground-up’ — creat-
ing discrete designs optimized for their target application. However,
over the years the industry has become more fragmented — with much
smaller design teams (often working for specialist design houses) de-
veloping products that are then built by contract electronics manufac-
turing companies before being delivered to the brand owner.

At the same time, pressure to reduce both time-to-market and cost
has intensified significantly. This is particularly true of the consumer
electronics and mobile phone sectors, with technologies and end user
devices changing faster than once a year. And even an industry such

System Understanding

d By Adam White, Senior Vice President Global Sales of
Infineon'’s Power Management and Multimarket Division

as the automotive sector, which would typically expect to have longer
development cycles, is seeing those cycles shortened thanks to the
pace of technological development and the growing expectation of an
ever-more sophisticated buying public.

One effect of these industry changes is to increase the focus of
design teams on their ‘core competencies’ where they can add com-
petitive advantage, with the expectation that other elements of the
overall system will be ‘bought in’. As a result, there is a trend away
from sourcing individual semiconductor components to overall solu-
tions — say AC/DC power modules, battery management solutions or
complete BLDC motor drive schemes — that can quickly and easily be
incorporated into a design.

To meet the evolving needs of the electronics sector, semiconduc-

tor manufacturers must also evolve. No longer is it enough for these
companies to simply develop and manufacture ICs. They must also
develop an understanding for their customer’s ‘systems’ — may that
be a train, wind turbine, car, or washing machine. At Infineon we have
coined the phrase ‘from product to system’ — or P2S for short — to
describe our own individual approach to satisfying the system require-
ments of time-pressured design teams. Focusing on the three central
needs of modern society — energy efficiency, mobility and security

— the P2S strategy combines system know-how, application under-
standing and strong, mutually beneficial customer relationships.

One illustration of the P2S approach can be seen in the comprehen-
sive offering that Infineon has developed for cordless power tools.
Bringing together technologies for charging, battery management and
BLDC motor drive and control — including MOSFETSs, gate drivers, mi-
crocontrollers, sensors and AC/DC controllers — this offering extends
to reference designs, demonstration boards and a complete solution
for a 1kW cordless power drill. The latter provides significant design
flexibility and ease of use as the demo can be separated into three
parts, namely a power PCB, a control PCB and a capacitor PCB.

Finally, it is worth noting that the strategy to provide customers with
access to as many solutions as possible was also one of the drivers
behind Infineon’s recent acquisition of power semiconductor manufac-
turer International Rectifier. As well as expanding the product portfolio,
extending the manufacturing footprint, supporting a stronger regional
presence and delivering greater distribution strength, this acquisition
accelerates the strategic evolution ‘from product thinking to system
understanding’. This includes extending system know-how in efficient
power management and expanding Infineon’s expertise in a variety

of technologies including next-generation gallium nitride compound

semiconductors.
www.infineon.com
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MARKET

ErLECTRONICS INDUSTRY DIGEST

By Aubrey Dunford, Europartners

SEMICONDUCTORS
Worldwide sales

of semiconductors
reached $ 28.2 bil-

lion in May 2015, an
increase of 5.1 percent
from May 2014 and of
2.1 percent from April
2015, so the WSTS.
Year to-year sales have
now increased for 25 straight months, and
month-to-month sales increased for the first
time in six months. European semiconductor
sales reached $ 2.873 billion in May 2015.
In particular, sales of discrete semiconduc-
tor devices were up 3.7 percent from April,
diodes up 5 percent and optoelectronics up
6.7 percent.

Worldwide semiconductor revenue is fore-
cast to reach $ 348 billion in 2015,

a 2.2 percent increase from 2014, but down
from the previous quarter’s forecast of 4.0
percent growth, so Gartner. The outlook for
the major applications that drive the semi-
conductor market, including PCs, smart-
phones, and tablets, have all been revised
downward.

Semiconductor companies are spending
more than ever to stay competitive.

In 2015, the total amount spent is forecast
to be $ 68.7 billion, up 9 percent from 2014,
so Semico Research. This breaks the
previous record set in 2011 at $ 63.8 billion
Globalfoundries has completed its acquisi-
tion of IBM’s Microelectronics business. The
deal strengthens the company’s workforce,
adding decades of experience and expertise
in semiconductor development, device ex-
pertise, design, and manufacturing and more
than 16,000 patents and applications. The
acquisition includes an exclusive commit-
ment to supply IBM with some of the world’s
most advanced semiconductor processor
solutions for the next 10 years.

Transphorm, an early stage semiconduc-
tor company focused on redefining power
conversion, announced a $ 70 M investment
round led by global investment firm KKR.
Transphorm believes that there is a large
market for its products as its ultra-efficient
power devices and modules can eliminate

Bodo’'s Power Systems®

more than 40 percent of all electric conver-
sion losses by using gallium-nitride (GaN).
Its power conversion devices and modules
simplify the design and manufacturing of mo-
tor drives, power supplies and inverters for
solar panels and electric vehicles.

Exagan, a French start-up involved in
gallium-nitride (GaN) semiconductor technol-
ogy that enables smaller and more efficient
electrical converters, has raised € 5.7 M

in first-round financing that will be used to
produce high speed power switching devices
on 200mm wafers. Following Exagan’s
recent announcement of an agreement with
X-FAB to produce devices on 200mm wafers,
the financing will help support its mission of
becoming Europe’s primary supplier of GaN-
based power switches.

Exagan, based in Grenoble with a branch
office in Toulouse, was spun off by Leti and
Soitec in 2014 and licenses materials and
technology from both organizations.

OPTOELECTRONICS

Merck, a German company for high-tech
products in healthcare, life science and
performance materials, laid the cornerstone
for a new OLED materials production plant in
Darmstadt. Production of high-purity OLED
materials for use in displays and lighting
systems is scheduled to start in July 2016.

OTHER COMPONENTS

The German expert organization Dekra is
taking over the testing company AT4 wire-
less in Malaga, Spain. With this, Dekra is
completing its range of testing services for
wireless communication and electromag-
netic compatibility (EMC). Dekra is thereby
securing key expertise for the future trends
Industry 4.0 and Automotive 4.0. AT4 wire-
less has a workforce of 285 employees and
has laboratories in Spain, Chile, USA and
Taiwan.

Metrawatt International has announced the
purchase of Seaward Group. Seaward is a
manufacturer of electronic test and mea-
surement instruments used in the appliance
testing, bio medical, renewable energy, elec-
tronics manufacturing and utility markets.

September 2015

DISTRIBUTION

Mouser Electronics has entered into a global
distribution agreement with Dave Embed-
ded Systems — a supplier focused on the
design, manufacturing and sales of miniatur-
ized Systems on Modules (SOMs) and other
hardware and software embedded solutions
for Linux, Windows and Android platforms.

UK-based Ismosys and Germany-based Ac-
tiveREP, both long established independent
sales and marketing organisations, have
signed a strategic partnership which will al-
low them to maximise their mutual resources
for the benefit of their partners and custom-
ers they serve.

The partnership will be launched initially
focusing on the CUI product line where Ismo-
sys is already engaged as a representative
throughout Europe.

Richardson Electronics announced a new
distribution agreement with StarPower
Europe, the European subsidiary of a power
module company headquartered in Jiax-
ing, China. This global agreement supports
the expansion of StarPower’s products to
new customers and opportunities outside

of China. StarPower Europe recently an-
nouncement building a European develop-
ment centre in Nuremberg, Germany.

This is the comprehensive power related ex-
tract from the «Electronics Industry Digest»,
the successor of The Lennox Report. For a
full subscription of the report contact:

eid@europartners.eu.com
or by fax 44/1494 563503.

www.europartners.eu.com

www.bodospower.com
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spectrum from discrete analog solutions to sophisticated and flexible power conversion
using our digital signal controllers (DSCs).

The dsPIC®“GS" family of DSCs is optimised to provide full digital control of power
conversion stages. Compensation loops implemented in software offer the ultimate in
flexibility, enabling designs leveraging numerous topologies to be tailored for energy
efficiency over widely varying load or environmental conditions. Complete reference
designs for AC/DC and DC/DC power conversion are available to enable faster time-to-
market and simplify designs.
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Biricha Lecture Notes on Analog
and Digital Power Supply Design

Part 2.C Peak Current Mode PSU Compensator Design

In the previous article we discussed how to design a compensator under voltage mode
control. In this article we are going to look at how to compensate a peak current mode
controlled Forward type converter. Peak current mode control has some advantages over
voltage mode control including inherent current limiting, better line regulation and easier
current sharing across multiple power stages [1].

For now we will look at hard switched non-isolated converters only and the design method
presented here can be applied to all Forward type converters under peak current mode
control without an opto-coupler. We will discuss isolation and other topologies in later

articles.

By Dr Michael Hallworth and Dr Ali Shirsavar, Biricha Digital Power Ltd

Peak current mode operation
Before we begin our compensator design, let us first look at how peak
current mode control (PCMC) works.

The operation of the converter, at first glance, is quite simple. The
circuit for a PCMC Buck converter is shown in Figure 1.
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Figure 1: PCMC of a Buck Converter

Clock

As you can see, the switch in this Buck converter is being controlled
by a set-reset flip-flop/latch. At the beginning of our switching period,
the clock pulse sets the output of the SR latch high. This turns on the
switch at the frequency of the clock which is therefore our switching
frequency.

With PCMC, we typically measure the switch current. The peak of
this, is the same as the peak of the inductor current scaled by the
current sense gain Ri. If there is a power transformer, then of course

this will also scale the current. As you can see from Figure 1, this is
fed into a peak current detection comparator. The other input to the
comparator is the demand value of the peak of our current.

In other words we are comparing the current that we want (our
demand current) with the current that we are actually getting (our
measured current). As soon as the actual measured current becomes
equal to the current that we want, the output of the comparator goes
high, resets the latch and therefore turns off the switch. During the
next cycle our demand current may change, and that would mean
that we will turn off the switch as soon as the actual current hits the
new demand value. Thus we are controlling the peak of our inductor
current.

But how do we set the demand value of our current? Looking at Fig-
ure 1 again — we can see that we also have a voltage loop formed by
the error amplifier and its compensating components. The output of
this part of our circuit creates the demand value of our current.

In short, we compare our actual output voltage with our demand
output voltage and the error or the difference between these two (after
voltage loop compensation) sets our demand value of current. Our job
therefore is to calculate the poles and zeros and thus the component
values of this compensator.

Sub-harmonic Oscillations and Slope Compensation

One final part we have not discussed in Figure 1 is the Ramp Gen-
erator block. If we set our input voltage to minimum and our load to
maximum and look at the PWM on the oscilloscope and see the PWM
duty cycle trace going from thick pulse to thin pulse to thick pulse
repeatedly then our converter would be experiencing sub-harmonic
oscillations. This is one of the headaches of current mode.

Without getting into too much detail, the problem is that in current
mode, there is effectively a complex conjugate pair of poles at half
the switching frequency Fs [2] and therefore at this frequency we
will have a resonant bump; this is shown by the dashed green line
in Figure 3. As the duty increases so does the Q of this double pole,
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this makes the sub-hamronic oscillations worse. Furthermore, if the
gain crosses the 0dB axis at half the switching frequency your power
supply will be unstable.

In order to avoid this, all we need to do is add a ramp to our mea-
sured current so that, if these oscillations were to occur, the switch
would turn off a little bit earlier than it would otherwise (shown by
dashed red area in Figure 2). This will damp any subharmonic oscilla-
tions and cause them to decay. This is the job of the ramp generator
block in Figure 1. Please note that in many modern chips this ramp is
added internally so you don’t have to add it yourself.

HEF
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S

Figure 2 — Type Il compensator

Peak Current Mode Compensator Design

For peak current mode control the error amplifier that we use is typi-
cally a Type Il compensator. The circuit for the Type Il compensator

is given in Figure 2. The poles and zeros are set by the capacitors
and resistors in the feedback network around the compensator. This
compensator type along with the concept of poles and zeros has been
covered in our previous articles.

From the previous articles we know the transfer function Hc(s) and
equations relating the poles and zeros to component values are as
follows:

S

BRI
H (s) = Zers \%en
¢ s s Equation 1
+1
Wcpy

Here wcp0 and wep1 are the compensator’s poles and wcz1 is the
compensator zero and our job is to calculate them so that we can cal-
culate the component values from the equations below. Please note
that these poles/zeros are in radians per second but we usually work
in Hz so please don’t forget to convert them if needed.

1 (C] + C3)
a)cpo =—F > wcm = __
R (C +C) R, C C,
.
CZ1 R2 Cl

Biricha Digital’s automated power supply design software (Biricha
WDS) automatically designs optimised compensators as discussed

in the previous articles. However, if your transient response require-
ments are not very stringent, you can design a reasonable and

stable compensator for the Forward topologies by following the steps
outlined below.

Below are step-by-step guidelines on how to quickly design the
compensator for this converter. All the values that we need are shown
in Figure 1.

Step1: Determine the amount added ramp required

If your chip does not have internal ramp generation, many engineers
work out the amount of ramp to add empirically i.e. set the converter
to maximum duty and add enough ramp until oscillations do not occur.
Alternatively you can calculate the required amount of slope compen-
sation (the peak-to-peak height of the compensating ramp added to
the sensed current) using the following equation which is valid for all
Forward type converters and is based on [2].

(V. -05+D)R 1.7, n*

L Equation 2

Vep =

Where D is our steady state duty cycle, Ri is our current sense gain,
Ts is the switching period, Vin is our input voltage, n is our transformer
turns ratio (set to 1 for Buck converters) and L is the output induc-
tance.

This will have the effect of damping the pair of complex conjugate
poles at half the switching frequency such that they have a Q of 1.

As mentioned earlier, these poles are responsible for the undesir-
able subharmonic oscillations which are an inherent characteristic of
PCMC.

Step2: Determine plant Bode plot

You don’t actually need to plot this at all but it is nice to visualize what
is going on. There are many models for peak current mode convert-
ers, here we have used the popular Ridley model. For detailed math-
ematical analysis and equations please see [2], [3].

Figure 3 shows the Bode plot of our PCMC Buck converter. As you
can see we have some low frequency/DC gain, one low frequency
real pole, an ESR zero and a pair of complex conjugate poles at

half Fs. The plot will be the same overall shape for all hard switched
Forward type converters. However, the plant’s low frequency pole and
ESR zero will be different but the complex conjugate pair of poles will
always stay at half Fs. (Please see Article 1A for our discussion of
transfer functions).
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Figure 3 — Bode plot of plant stage for a PCMC Buck Converter.
Green trace is the gain, red trace is the phase.



The dashed green line shows the complex conjugate poles at half the
switching frequency without slope compensation. The peaking would
be more pronounced with larger duty cycles. The solid trace shows
what happens to these poles when we apply the slope compensation
calculated in Step 1.

As you can see unlike voltage mode control discussed in the previous
article, we only have a single low frequency plant pole, followed by a
zero formed by the parasitic equivalent series resistance (ESR) of our
electrolytic output capacitance.

Step 3: Calculate Type Il Compensator Poles/Zeros

The method presented here is an approximate method to allow you to
quickly calculate the poles and zeros for a compensator with relatively
good performance for a reasonable crossover frequency (i.e. 1/10th
of the switching frequency).

Our power supply design software (Biricha WDS) uses optimal algo-
rithms, however, in this short article we will opt for this approximate
method so that you can perform the calculations by hand (or perhaps
with the help of your preferred math package).

You can see from the compensator’s transfer function that we have

1 pole, 1 zero and 1 pole at origin. Please don’t forget to change to
Hz (we have changed w to f in the following equations to denote this
change). To get reasonable performance:

1 — Place 1 compensator pole at the ESR zero frequency to cancel
the plant's ESR zero:

1

—— =11.6kH
27 ESRC

fCPl =

Equation 3

2 — Place the compensator zero at 1/5th of your desired crossover fre-
quency to give you a phase boost around crossover (remember zeros
give you a phase boost — see Atrticle 1A) Fx is the desired cross-over
frequency. In our case let us design for Fx =10kHz:

F
Jen = ?X = 2kHz

Equation 4

3 — Finally we place the pole at origin at the frequency given in Equa-
tion 5.
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Please don'’t be intimidated by the large equations - there is nothing
in there that we don’t know. Evaluating this equation for a crossover
frequency of 10kHz gives us:

Sepo =25.85kHz

Step 3: Calculate compensator component values

Now that we know the positions of our compensator poles and zeros,
we can use the equations above to calculate component values for
our compensator.

As we discussed in the previous voltage mode article, you can
calculate R1 and Rb based on the current that you are willing to allow
through them and the reference voltage needed on the controller IC.
Please refer to Article 2B for more information. By allowing 1mA of
current through this pot and using the standard potential divider equa-
tions and Ohm’s law we can calculate:

R =750Q, R, =2.55kQ

2 — Now that we know R1, by rearranging the equations for the poles
and zeros above and solving for the component values we can calcu-
late the values of C1, C3 and R2 using the equations below (please
don’t forget that these equations use the poles/zeros in rad/sec so we
need to convert them from Hz).

C = Wcpy = Wz
'R
1 Wepo Wepy

w
_ cz1
C, = —R
1 Wcpo Ocpy

R 0py Ocp,

R. =
’ (wcm _wCZI>a)CZI

Evaluating these equations gives us:

C,=68nF, C,=14nF, R,=117kQ

We can easily use WDS in “manual pole/zero placement” mode to
verify our calculations. WDS provides us with all the important stability
parameters as well the Bode plot. WDS Bode plot for our design is
shown in Figure 4 and the stability information is shown in Figure 5.

From Figures 4 and 5, we can see that we have achieved a crossover
frequency of 10kHz as desired and a phase margin of 74 degrees.
Slope at crossover is -20db/decade and our gain margin is better
than 20dB. Thus we have designed a very stable power supply with a
respectable crossover frequency and large phase margin.
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Concluding Remarks

In this article, we discussed how to design a compensator for all

hard switched Forward type peak current mode converters (without
optocoupler feedback). An approximate method has been presented
that will give relatively good results in most cases. The advantage of
the method presented here is that it is quick to calculate but we do not
have any control over the phase margin. We also included a complete
numerical example down to component value selection.

Things to Try

1 - Download a copy of Biricha WDS PSU Design software from www.
biricha.com

2 - Attend one of our Analog Power Supply Design workshops
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Paralleling SiC Cascodes
for High Performance,
High Power Systems

Silicon carbide cascodes have no inherent limitations that impede their safe parallel op-
eration. The paralleling of USCi's SiC cascodes in TO-247 packages enables efficient and
reliable high power systems.

By Matt O’Grady, Ke Zhu, Xueqing Li, and John Bendel; USCi

The robustness and switching behavior of USCi’s cascodes were dis-
cussed in articles in the May and June 2015 issues of Bodo’s Power
Systems [1], [2]. This article outlines the considerations for paralleling
SiC cascodes for high performance, high power systems and provides
tips for parallel cascode implementation.

The impetus for power switch paralleling is usually the need for
greater current and power capability than can be achieved with a
single power switch. Use of paralleled TO-247 cascodes also provides
flexibility in system implementation that can be hard to achieve with
prepackaged modules. This flexibility enables optimization of tradeoffs
between switching and conduction losses, thermal design, cost, and
system performance based on the requirements of a specific circuit
topology and application. To realize these benefits, SiC cascodes can
be paralleled with the same basic approach used to parallel silicon
MOSFETs.

A primary difference between
operating a single power switch
and multiple parallel switches is the
need to account for any current and
power dissipation imbalance when
verifying that the device is used
within its safe operating area. For
SiC cascodes, the level of current
and power dissipation imbalance
is minimal and the devices may be
used without significant derating
provided some basic precau-
tions are followed. In particular,
adequate consideration should
be given to gate drive design and
power circuit layout to minimize
sources of imbalance.

L

Figure 1: USCi cascode
combines a Si MOSFET with
SiC JFET in a single TO-247
package

The following sections discuss the parallel gate drive scheme; current
imbalance during conduction, turn-on, and turn-off; and practical tips
for implementing paralleled SiC cascodes. Measurement results of
current sharing of United Silicon Carbide’s UJC1206K cascode are
included. These measurements were made with a shunt resistor at
the source node and include the gate current in addition to the drain
current. For clarity, the case of two parallel cascodes is illustrated.
The concepts are easily extended to paralleling of larger numbers of
devices once they are understood for the two switch case.
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Gate Drive for Parallel Cascodes

A notional schematic of a suitable gate driver circuit for parallel
cascodes is shown in Figure 2. A separate Rg,,, and R are used
so that the turn-on and turn-off switching transitions can be inde-
pendently controlled. For parallel operation, the most important gate
drive consideration is that separate gate resistors be used for each
of the paralleled devices. When paralleling only a few cascodes the
optimum design uses a single gate driver for all of the paralleled
devices. On the other hand, when driving a large number of parallel
cascodes separate buffers for each switch will enable compact gate
control loops which will reduce gate loop inductance. The layout of
the cascodes themselves should allow for low and well matched stray
parasitic inductance, particularly in the source connection. With low
source inductance a good source Kelvin connection can be used at
the cascode device leads.

Source Bus

Cascodeg

§

I—Sstmyﬂ

Cascode
[ e

I-Ssi'myﬂ

Figure 2: Notional Schematic of Parallel Gate Drive

Power Balance During Conduction

In steady state conduction, paralleled cascodes share a common
Vps and each cascode conducts current in proportion to its Rpggp.
Like silicon MOSFETSs, SiC cascodes have a positive Rpg,,, versus
temperature characteristic (Figure 3). The positive temperature char-
acteristic performs an important role as it provides negative feedback
from a cascode’s power dissipation to the amount of load current it
conducts in parallel operation.

To understand this feedback effect, consider two cascodes, denoted
Cascode A and Cascode B, biased at a fixed Vpg. At startup, if
Cascode A has lower Rpg,,, than Cascode B, Cascode A will conduct
a higher percentage of the load current than Cascode B. This will
increase Cascode A's temperature relative to Cascode B. The higher
temperature increase for Cascode A leads to higher Rpg,,, increase
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for Cascode A which lowers the percentage of load current through
it. The end result is more balanced current sharing in steady state
between Cascodes A and B. Notably, this behavior prevents thermal
runaway which can occur with other switch technologies due to their
positive on-resistance temperature characteristics.
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Figure 3: SiC Cascode Rpg,, versus Temperature Characteristic

To determine the startup and steady state conduction current sharing
in detail the datasheet Rpg,,, temperature characteristic, the device
thermal impedance, and the parallel switch voltage and current condi-
tions can be used to model the interdependence of Rpg,,, tempera-
ture, and current sharing. This same analysis can be used to study
sensitivity of the device conduction to any expected variations in
thermal resistance. For this electrical and thermal analysis, the device
datasheet thermal impedance information can be used as a starting
point but final modeling should include the actual system thermal
impedance as determined by simulation and measurement of the
thermal characteristics of the actual system.

Power Balance During Switching

Turn-on: During cascode turn-on (illustrated in Figure 4), at t1V g
begins to rise at a rate determined by the time constant formed by the
gate resistor and the cascode input capacitance (Rg,,C;ss) and the
gate driver power supply voltage. When the V54 value exceeds the
cascode threshold voltage at {2, the device turns on and after a small
delay the drain current increases at a rate influenced by the gate re-
sistor and source inductance. The drain current di/dt causes a voltage
rise across internal package inductance which is capacitively coupled
from the source to the gate and reflected in the VGS waveform as
measured at the TO-247 leads. At t3, the drain current is fully com-
mutated and Vpg falls. The turn-on switching loss is the integrated
product of Vpg and I over the switching interval.

vﬂ

For paralleled devices with
matched stray inductance,
Vpgs falls in parallel for all
the cascodes and does not

ID [r—— affect the power balance
between devices; any turn-
on power imbalance results

VGs from differences in current

I sharing during the switching

t1 t2 t3 td

Figure 4: Cascode turn-on
behavior for a single device
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time. Also, when paralleled cascodes are turned on, matching of the
di/dt rate can be assured by matching the parasitic source induc-
tance and gate resistance. The source inductance matching can be
controlled through identical layout from each cascode source lead to
the associated bus. The gate resistors can be easily matched with
available low cost, high tolerance resistors.

With common Vg falling and matched di/dt, the potential for mis-
match in the turn-on loss still exists if there is a skew in turn-on delay
between the paralleled switches. Using a single gate driver helps
minimize any turn-on delay skew by eliminating potential gate driver
propagation delay variations. As discussed above, turn-on begins
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Figure 5. Turn-on current sharing at 850 V, 18A: top) matched cas-
codes, middle) mismatched threshold voltages, and bottom) 40 °C
temperature offset between devices.
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when Vg exceeds the cascode threshold voltage and the rate of Vg
rise prior to cascode turn-on is controlled by the time constant
RgonCiss and the gate driver power supply voltage. Since the cascode
Cjss is well matched between devices, the gate resistors can have
tight tolerance, and the gate driver power supply voltage is com-

mon across paralleled devices the Vg rises uniformly for paralleled
devices prior to turn-on. Therefore the primary contributor to turn-on
delay skew is the variation in cascode threshold voltage.

Figure 5 shows the turn-on current sharing for two well matched
cascodes and two cascodes which were selected as they had the
highest threshold variation (150 mV) in the samples tested. The third
plot in Figure 5 shows the turn-on when there is large temperature
imbalance of 25 °C and 65 °C between the devices under test. As
shown, even with variation in threshold voltages and temperature,
the turn-on current sharing, and therefore switching loss, is very well
matched between devices. At the beginning of the conduction period
a significant difference exists in the current load as the results are
from a double pulse test which does not allow sufficient time for the
RDSon temperature dependence balancing to take effect.

The small impact of threshold voltage variation results from the low
variation in cascode threshold voltage (+/- 200 mV typical) and the

gate loop behavior which dampens the effect of variations in device
characteristics.

For example, consider the case where Cascode A and Cascode B
have threshold voltages of 4.3 and 4.7 V respectively. During parallel
turn-on, the Vg of Cascode A will reach threshold first and it will
begin to turn-on. As soon as it turns on the di/dt across the inductance
internal to the Cascode A package causes an increase in the Vg as
measured at the pins of the TO-247 terminals. This causes a drop

in the gate current due to the lower voltage across the gate resistor.
Meanwhile, Cascode B still has a relatively low gate voltage and its
Vs continues to slew with higher current. Based on the slew rate of
the gate driver near threshold, the delay between the turn-on of Cas-
code A and Cascode B for the large threshold voltage variation of 400
mV is only 0.6 ns. With a di/dt of 1 A/ns this leads to less than 600 mA
of current mismatch during turn-on due to threshold mismatch. For a
20 A load current this results in a 6% mismatch in current sharing. For
lower load currents, the mismatch percentage is higher but is not usu-
ally of concern as it does not affect the safe operating area analysis
due to operation well within the specified device limits.

Turn-off: During turn-off (illustrated in Figure 6) at t1 the gate driver
switches low and Vg begins to fall towards the cascode threshold
voltage. At 2, Vg plateaus as the MOSFET inside the cascode
reaches its miller plateau. At t3, the delay time ends and the Vg
transition begins. The overall effect of the turn-off delay interval on
the turn-off loss imbalance is analogous to the turn-on case: close

matching of C,g,, gate resistor,
and gate driver supply voltage
VD5 i
D "\..

results in the threshold voltage
VGSs

mismatch dominating the turn-
off delay mismatch and the
end result is only a marginal
effect on the switching loss im-
balance. However, in the case
of turn-off there are some
additional considerations.

Figure 6: Turn-off switching

12 3 td behavior
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First, at the start of turn-off there may already be a current imbalance
due to differences in Rpg,,, between paralleled devices. This differ-
ence in the conduction current will lead to a different current level in
the parallel devices at the start of the turn-off process. As shown in
Figure 6, Vg rises during the turn-off current transition so this current
imbalance creates a switching loss imbalance between the paralleled
devices.

Secondly, at high current levels and high dv/dt the cascode’s internal
response is underdamped which can lead to turn-off current ringing.
The ringing does not necessarily lead to high cascode loss but it is
coupled to the Vg signal at the TO-247 leads through the common
source inductance and it may be unacceptable at the system level.
Any current ringing may also lead to imbalanced operation between
paralleled cascodes as the di/dt it generates interacts with stray in-
ductances which may not be perfectly matched. If the combination of
high current and stray inductance lead to this problem it can be con-
trolled through increase in the value of R or the addition of a small
capacitor between the gate and drain terminals of the cascode. In
general, the additional Cgp is the preferred method as it will provide
good dv/dt control without adding to the total turn-off delay or impact-
ing turn-off delay skew as would happen with large values of Ry

The measured turn-off behavior is shown in Figure 7 for pairs of
devices with matched (top) and mismatched (middle) thresholds. A
plot (bottom) is also included where one device is heated to 65 °C to
generate a current imbalance to illustrate the potential current ringing
behavior.

When considering the impact of turn-off loss imbalance it is important

to consider that the turn-off switching loss magnitude is much less
than the turn-on and conduction losses in hard switched applica-
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tions. This means that even a high turn-off loss imbalance may not
significantly affect the overall power imbalance. Also, any imbalance
in current sharing during the turn-off interval is short lived and unlikely
to exceed the devices safe operating conditions.

Implementation Tips

The cascode’s positive Rpg,,, temperature dependence helps ensure
good current and power sharing during conduction. A common heat
spreader or heatsink for paralleled switches will help leverage this
effect. As with silicon MOSFETSs, there can be a residual conduction
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Figure 7: Turn-off current sharing at 850 V, 18A: top) matched
devices,middle) mismatched devices, bottom) 40 °C temperature
offset between devices
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current imbalance which should be accounted for when verifying
device operation is within the specified safe operating area.

Turn-on current and power imbalance is minimal and depends primar-
ily on the MOSFET threshold voltage variation. The current imbalance
will be limited to the di/dt multiplied by the turn-on delay mismatch
value. With matched switch leg layouts, a typical threshold voltage
mismatch of +/- 200 mV, Rg,, =5 Q, and a 12 V gate driver supply
will lead to a turn-on delay mismatch of less than 0.6 ns. With a turn-
on di/dt of 1 A/ns the resulting current mismatch is less than 600 mA.

Cascode turn-off loss is more susceptible to mismatches in percent-
age terms than turn-on losses due to the added effect of differences in
conduction current and coincident voltage rise and current fall times.
In extreme cases the turn-off may exhibit current ringing which is also
seen in the Vg signal as measured at the TO-247 leads. To control
the current ringing, large gate turn-off resistors values may be used.

While the turn-off loss sharing may have a significant percentage mis-
match between devices the turn-off loss magnitude is low compared
to turn-on and conduction losses so the overall impact of turn-off bal-
ance on device power dissipation imbalance may not be significant.

For a small number of parallel devices a single gate driver with sepa-
rate gate resistors for each switch will provide the best current and
power balance. For large numbers of devices in parallel, gate drive
buffers for each switch may lower the gate loop area and inductance.
If separate gate drive buffers are used a simple single stage common
emitter buffer should be considered over a complete gate driver IC
due to the potential contribution of gate drive propagation delay skew.

In the power loop layout the TO-247 packages can be closely spaced
with DC decoupling capacitors to lower the overall power loop
inductance. For best matching, variations in the layout that can lead
to difference in stray inductance should be avoided, especially at the
source lead.

Conclusion

Theory and lab testing demonstrate the inherent capability of SiC
cascodes to be safely paralleled. Due to the characteristic behavior
and low production parametric variations of USCi’s cascodes part
screening is not required for paralleled operation. The worst case
current and loss imbalance can be determined for a given system and
operation within the cascode safe operating area can be verified in
order to avoid over margining of designs.
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LIGHTING

Advances in SiC MOSFET
Technology Drive Down Cost of
High-Bay and Outdoor Lighting

Fixtures

Single stage topologies are the designer’s choice for lower power
LED drivers. A new study of Cree C3IM technology suggests the same
single-stage topology could be extended well beyond what was
previously possible.

By Marcelo Schupbach, PhD., Technical Marketing Manager
and Edgar Ayerbe, Product Marketing Engineer, Cree, Inc.

For high-bay and outdoor lighting fixtures, the cost of the LED driver
electronics is reported to be 17% of the total fixture cost. An additional
40% of the fixture cost is contributed by the mechanical, thermal, and
electrical portions of the fixture [1], which help support the weight

and volume of the LED driver, as well as protect the driver against
surge events. New innovations in MOSFET technology enable rugged
LED drivers that are also smaller, lighter, and cheaper than existing
devices, bringing significant cost reductions to high-bay and outdoor
lighting fixtures.

900V C3M™ Technology Outshines the Competition

This May, Cree introduced a new 900V class of SiC power MOSFETs
that are well suited for high efficiency switch-mode power supply
applications, such as LED lighting. The new SiC MOSFET family is
based on Cree’s third generation planar SiC technology. Design im-
provements in this generation of SiC MOSFETs include: a smaller cell
pitch, an optimized cell structure, and increased blocking-layer doping
levels that minimize resistances. The median specific on-resistance of
the 900V SiC MOSFET is 2.3 mQ-cm2, which is a 42% reduction over
the previous generation, and the lead product (C3M0065090D) fea-
tures the lowest on-resistance rating (65mQ) of any 900V MOSFET
device currently available on the market. The 900V SiC MOSFET only
shows a 46% increase in resistance when the junction temperature

is increased from 25°C to 150°C, and the on-resistance of the SiC
MOSFET is 3x lower than 900V CoolMOS® technology at a junction
temperature of 150°C (Figure 1). This results in lower conduction
losses and a higher current rating for the SiC MOSFET when operat-
ing at elevated temperatures. The transconductance of the 900V SiC
MOSFET is improved by engineering the MOS channel structure

so the device is fully turned on at VGS = +15V at 25°C and +12V at
150°C (Figure 1). In power supply applications, this eases the gate
drive requirements for 900V SiC MOSFETs when compared to previ-
ous generations of SiC MOSFETSs, which required +18 to +20V gate
bias for full enhancement. Additional improvements were made to the
high-voltage reliability of the SiC MOSFET by minimizing the internal
electric fields under reverse bias.
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Shedding New Light on LED Driver Designs

Single-stage topologies (such as the quasi-resonant flyback shown

in Figure 2a) are widely used in low power (<100W) LED lighting
applications, primarily due to their low cost, simplicity (i.e., low part
count), and acceptable performance. At higher power levels, however,
these single-stage topologies become impractical, forcing designers
to increase the complexity of their designs (e.g., increasing switch
count). This increases the overall driver cost and erodes the price/
performance point that single-stage topologies are able to achieve.

At power levels above 100W, two-stage topologies begin to deliver a
better price/performance solution than single-stage topologies despite
their increased complexity and part count. Consequently, higher
power LED drivers are typically implemented using two-stage topolo-
gies, such as the power factor correction (PFC) boost converter plus
LLC resonant half-bridge shown in Figure 2b.

The power semiconductor switch performance within the driver has a
significant impact on where the price/performance boundary between
single- and two-stage topology is established. For current silicon (Si)
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Figure 1: Temperature dependence of RDS(on) of Cree® 900V SiC
MOSFET vs. 900V Si superjunction MOSFET
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LIGHTING

superjunction MOSFET technology, this boundary appears in the
75—100W range. For third generation silicon carbide (SiC) MOSFET
technology, which significantly outperforms Si devices (see Table

1), the price/performance boundary between single- and two-stage
topologies is about 3x higher: 250-300W. As such, a new generation
of high-power single-stage LED drivers based on SiC MOSFETs and
capable of providing unprecedented price and performance charac-
teristics is now possible. This new generation of high-power single-
stage LED drivers delivers the performance of a two-stage topology
while maintaining the cost structure of a single-stage topology. These
new SiC MOSFET-based single-stage LED drivers are also capable
of achieving unparalleled power density — delivering 40% volume
reduction and 60% weight reduction compared to present driver
technology (see Figure 3). These significant reductions in both weight
and volume further increase the overall value of the new drivers by
subsequently reducing the requirement for, and thus the cost of, the
lighting fixtures’ supporting mechanical structural components.
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Figure 2b: Two-stage driver topology implemented using a boost PFC
and LLC half bridge.

Additionally, the benefits of SiC MOSFET technology in LED drivers
extend far beyond the 150-250W single-stage drivers discussed
herein. For example, SiC MOSFETs used in two-stage topologies
can also address especially challenging requirements, including: high

220 Driver Using Si Super Junction MOSFETs

220W Driver Using Cres CIM SIC MOSFETS

Figure 3: Side-by-side comparison of two 200W LED drivers: one us-
ing Si superjunction MOSFETs and two-stage topology, and the other
using a Cree® C3M™ SiC MOSFET and single-stage topology.
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input voltage (528VAC), ultra-wide input voltage ranges (90-528VAC),
high power (>300W), and/or high efficiency (>95%). Further, as SiC
MOSFET technology continues to move into lower voltage and lower
power applications, they will also become the device of choice in LED
power supply applications <100W.

Design Challenges: Implementing Single-Stage LED Drivers
Five key limitations and challenges must be overcome in order to
implement a single-stage topology in high power LED lighting: 1) low
efficiency, 2) narrow operating voltages, 3) the high cost of EMI filter
components, 4) the high cost of surge protection components, and 5)
high output current ripple (flicker) characteristics.

Low Efficiency and Narrow Operating Voltages

The current and voltage stresses imposed upon power MOSFETs are
typically higher in single-stage topologies than two-stage topologies.
These stresses are increased even further for wider input and output
voltages. Ultimately, these stresses have a significant impact on the
converter efficiency, as well as the rating (and hence the cost) of the
power MOSFET used in the design. This is the primary reason why
single-stage topologies are limited to low power designs with relatively
narrow operating voltages.

SiC MOSFETs deliver figures of merit (FOM) that are 15 — 30x better
than best-in-class 900V Si superjunction MOSFETSs (see Table 1).
As such, SiC MOSFETs increase the power level of single-stage
topologies by approximately 3x while delivering efficiencies and
operating voltages that are equivalent to those obtained with two-
stage Si-based topologies. Figure 4 depicts an efficiency vs. input
voltage comparsion for two MOSFETs (a 900V silicon SJ MOSFET
and a Cree C3M™ 900V MOSFET) in the same LED driver (a 220W
LED driver implemented in a single-stage topology). The single-stage
driver using the new 900V SiC MOSFETs exhibits superior efficiency,
effectively demonstrating that SiC MOSFETs can address the typical
limitations of high power singel-stage LED drivers by providing high
efficiency over a wide operating voltage range.

m SiCCIM 1200 280 350

SCC2M 1200 160 290 34 47 T4

Table 1: Key parameters and figures of merit (FOM) for various MOS-
FET technologies

Efficiency with Input Voltage
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Figure 4: Efficiency vs. input voltage of a single-stage flyback driver
using a Cree® 900V C3M™ SiC MOSFET vs. 900V Si MOSFET
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LIGHTING

The High Cost of EMI Filter Components

One common perceived challenge of single-stage, high power LED
drivers is the need for more expensive EMI filters. The EMI signature
of a flyback configuration is higher than that of a continuous conduc-
tion mode (CCM) boost PFC. However, it is important to note that the
EMI signature of a QRC flyback is similar to the EMI signature of the
discontinuous conduction mode (DCM) boost PFCs typically used

in two-stage LED drivers. Additionally, it is common knowledge that
QRC flyback drivers operate using a variable switching frequency and
have a reduced EMI spectrum compared to fixed-frequency flyback
drivers. This spectrum reduction results from the spreading of RF
emission over a wider frequency range as the switching frequency
(and its harmonics) shift throughout the AC line cycle.

EMI signature is a function of topology and operating point. Therefore,
one could conclude that changing from Si superjunction MOSFETSs to
SiC MOSFETs will not help in this regard. However, Class B con-
ducted EMI compliance limits only drop with a 20dB/dec slope from
150-500kHz. Common EMI filters for single-stage topologies are
implemented using a two-stage LC EMI filter, which provides a maxi-
mum attenuation slope of up to 80dB/dec. Thus, given a particular
EMI filter size (and cost), the harmonic spectrum of a power converter
operating at a higher switching frequency will be more attenuated
than the harmonic spectrum of a power converter operating at a lower
switching frequency.

Figure 5a shows the theoretical EMI signature of a two-stage topology
with a DCM boost PFC first stage. Typically, the switching frequency
of the first stage is 60—150kHz in order to keep the fundamental
switching frequency component from approaching the lower EMI
frequency limit (150kHz). However, two-stage LC EMI filters are
generally required in order to reduce the spectrum of the second,
third, and higher order harmonics for EMI compliance. As illustrated
in Figure 5b, the higher operating frequency (>200kHz) enabled by
SiC MOSFETSs with the same EMI filter design used in the two-stage
topology can deliver an extra 15dB attenuation for the first harmonic,
35dB attenuation for the second harmonic, and 40dB attenuation for
the third harmonic, enabling the single-stage topology to reach EMI
compliance without additional EMI filter cost. Additionally, a careful
look at the two power supplies in Figure 3 also shows that the two-
stage solution and the single-stage solution with SiC MOSFETs have
similar EMI filter sizes (and hence costs).

High Output Current Ripple (i.e., Flicker)

Another challenge of single-stage topologies vs. two-stage topologies
is output current ripple. Line frequency output current ripple translates
into light output variation (i.e., flicker) for the LED array, so the Alli-
ance for Solid-State lllumination Systems and Technologies (ASSIST)
has established maximum light flicker acceptability criteria. Current
ASSIST guidelines state that light flicker greater than £10% percent at
100Hz and greater than +15% percent at 120Hz is unacceptable [2].
To meet these criteria and minimize light flickering, LED drivers must
minimize current ripple.

Figure 6 illustrates the relationship between LED current variations
and light output variations. This figure shows that a +15% variation
on current translates to only +10% variation on light output. While
this relationship is unique for each LED type, it is generally accepted
that an LED driver with £10% variation in output current will meet the
flicker demands of most LED arrays.

Two-stage topologies have a large, high-voltage DC link capacitor
that is used as a line frequency energy buffer. The second stage is
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Figure 5a: An EMI filter design exercise for a conventional two-stage
design showing the Class B conducted EMI limit, theoretical EMI
signature of the unfiltered supply (Supply), EMI filter attenuation (Filter
Attn), and EMI signature of the filtered supply (Filtered Supply).
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Figure 5b: An EMI filter design exercise for a single-stage high-fre-
quency design showing the Class B conducted EMI limit, theoretical
EMI signature of the unfiltered supply (Supply), EMI filter attenuation
(Filter Attn), and EMI signature of the filtered supply (Filtered Supply).
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Figure 6: LED current variation vs. luminous flux variation for a Cree®
XLamp® XP-G2 high-brightness LED

used to compensate for voltage variations in the DC link capacitor
and to reduce output current ripple to +5% via a high-bandwidth cur-
rent control loop. Single-stage topologies do not employ high voltage
DC link capacitors, but instead use their output capacitors as energy
storage elements. The control of the output current is implemented
as a low-bandwidth average current control loop, which is typically
not capable of compensating for line frequency current ripple. This
topological limitation cannot be addressed by simply changing power
MOSFET technologies. However, the output current ripple can still
be minimized in a cost-effective manner by minimizing output voltage
ripple via output capacitor sizing and the proper tuning of the current
control loop.
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LIGHTING

A given LED array’s dynamic resistance determines the current ripple
for a given voltage ripple. High performance LED arrays tend to have
lower dynamic resistance; hence, a small voltage ripple typically
translates into higher current ripple. Figure 7 depicts measured cur-
rent ripple when a single-stage flyback driver with a SiC MOSFET

is used to drive a high performance LED array containing Cree®
XLamp® XP-G2 high brightness LEDs. The measured output current
ripple is £11% at 120Hz, which translates into +9% light flicker, and is
well within the +15% percent mandated by ASSIST.

The output capacitors in this SiC single-stage flyback driver are the
same as the capacitors used in the DC link and output sections of the
Si two-stage driver (See Figure 2). As such, both driver approaches
have the same capacitor cost. Adding output capacitance could
improve current ripple without significantly impacting cost, though, as
capacitors represent only 8% of the total BOM cost, and reducing in-
put current total harmonic distortion (THD) could reduce current ripple
an additional 8-10% with no additional BOM cost while still meeting
EN61000-3-2 standards.

Output

Input Voltage

Figure 7: Measured output current ripple of a single-stage SiC MOS-
FET based flyback driver delivering 220W into a high performance
LED array (worst case) containing Cree® XLamp® XP-G2 high bright-
ness LEDs

wo-stage Topology

With Si FETs (1
Input Voltage Range 120-277Vac
Dutput Voltage Range  150-210Vdc 150-240Vde
Max Output Current 1454 1.05A
Peak Efficiency 93.50% 94.44%
Input THD < 20% < 10%
Input PF =0.95 =095
Output Current Ripple 5% $10%
Size (~40% smaller) 220x52%30mm 140u50x3 0mm
Weight (~60% lighter)  2.7Ibs/1.3kg 1.11b2/0.5kg
Relative Cost 1 0.85

Table 2: Main characteristics of a 220W LED driver implemented us-
ing Si super junction MOSFETs and two-stage topology vs. a Cree®
C3M™ SiC MOSFET and single-stage topology

Example: 220W LED Driver with Universal Input Voltage

Table 2 depicts the key metrics of a typical high performance 220W
LED driver using Si super junction MOSFETs in a two-stage topology
and SiC MOSFETs in a single-stage flyback topology. Both drivers
have similar characteristics in terms of power, input voltage range,
efficiency, THD, and power factor. The single-stage topology has
higher output current ripple than the two-stage topology, but is still

squarely compliant with ASSIST mandates. More importantly, though,
the single-stage topology using a SiC MOSFET provides significant
cost reduction (>15%), volume reduction (~40%), and weight reduc-
tion (~60%) (see Figure 2), and is also capable of meeting EMI Class
B requirements and surge requirements to 4kV, L-L while delivering
acceptable output current ripple.

Table 3 contains the approximate cost reduction of the two-stage
topology with Si super junction MOSFETs vs. the single-stage topol-
ogy with a SiC MOSFET. Although the actual price of components will
vary with volume, the relative price difference of the two solutions is

quite relevant.

Oty 1 magnetic component mstead of 2

FET= 5% 3 high speed 5. S FET ve. anly one Cree CIM SiC FET
sodes B 5 hagh speed dhades (one in PEC and 4 0 LLE) vs. one Lor Tiyback
2 eaniroller (PFC + LLC) va. only one very bow oost fybeck controler
Combigl 2% with boree pr COUT
PCH 40k 4% cost ieductsan baded on Sibe dilleenoe
Cade 9% 9% cosl reductson based on sipe dillenence
(=0 123 Same capg needed n both degigne
Paiting 40 40% codat reductson based on gize difference
Small reduction based on bess hardware needed (e.g., fewer
Others 5% epartsinics, SCTTWS, B0}
Tobal 7%

Table 3: Cost comparison for a 220W LED driver with universal volt-
age input implemented using two-stage topology with Si S MOSFET
vs. a single-stage topology with SiC MOSFET.

Summary

Single-stage topologies deliver LED driver solutions with acceptable
performance at a lower cost than two-stage topologies. As such,
single-stage topologies are the approach of choice for lower power
(<100W) LED drivers. At higher power levels, single-stage topologies
face challenges that limit their usability and value, including: a limited
operating voltage window, lower efficiency, and the need for additional
surge protection. Consequently, two-stage topologies have dominated
the market for high power LED drivers (>100W).

New advances in SiC planar technology significantly reduce the die
size and cost, while at the same time reducing the on-resistance.
Many of the limitations faced by single-stage topologies in high power
applications can be traced back to a single root cause: the perfor-
mance and FOM of the power MOSFETs employed therein. When
using state-of-the-art 900V Si super junction MOSFETSs, the value
proposition of single-stage topologies — lower cost, smaller size, and
reduced weight — is not possible. New 900V SiC MOSFET technol-
ogy not only allows lighting designers to reap the benefits of single-
stage topologies in high power applications, but also, by outperform-
ing Si superjunction MOSFET technology (see Table 1), moves the
price/performance boundary of single-stage topologies from the
75—-100W range enabled by Si MOSFETS up to 250-300W. As such,
single-stage topologies employing SiC MOSFETs can now deliver
lower cost solutions than two-stage approaches without comprising
performance. Also, although a flyback topology was used here as an
example for 220W LED driver, other isolated and non-isolated single-
stage topologies (e.g., forward, SEPIC, etc.) are also possible using
SiC MOSFETs.

Further, the use of SiC MOSFET technology is not limited to LED



drivers in the 150-300W range. SiC technology can be combined with
two-stage topologies in order to address an array of unique design
challenges, including: high power LED drivers (up to 1,000W), ultra-
wide input voltage ranges (up to 528VAC), high efficiency (>95%),
and high power density. Additionally, as SiC MOSFET technology
continues to move into lower power and lower voltage applications,
typical single-stage LED drivers (<75W) will also benefit from the
lower total BOM, improved performance, and higher power density it
enables. Consequently, SiC MOSFET technology is poised to become
the device of choice for LED drivers in all power ranges.
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Lighting up the Theatre, Safely

The recommended electrical and electronic requirements for the
DMX512A lighting communications protocol

By Michael Pearce, Application Engineer, Microchip Technology

The most common lighting communica-
tions protocol used in theatrical lighting is
DMX512, and it is also often found in archi-
tectural and other lighting systems. Uses

of the standard include dimming theatrical
lights, running colour mixing lighting fixtures,
robot scanner lighting fixtures, strobe lights
and fog machines. Some vendors use it

to control commercial or domestic lighting
fixtures and even giant high definition televi-
sion displays have been built using multiple
DMX512 universes.

The standard was created in 1986 by the
United States Institute for Theatrical Technol-
ogy (USITT) to be a more reliable replace-
ment for the 0 to 10V standard commonly
used at the time. In 1998, it was taken over
by the Entertainment Services & Technology
Association (ESTA). It became DMX512A in
1998, and was revised in 2008. It has been
an Ansi standard since 2004 (Ansi E1.11-
2008). Since 2011, the standard has also
been maintained by PLASA in Europe.

Due to there being no error checking, there
are some restrictions of use. Basically, any

use that could potentially harm or kill a hu-

man or animal is not allowed. This includes,
but is not limited to, moving stages, moving
trusses and pyrotechnic control.

This simple, single master serial protocol
uses the RS485 electrical layer at a data rate
of 250kbaud, no error checking and up to
512byte of data. A DMX512 universe is made
up of 512 channels of information sent from
a single controller. Multiple universes can be
created by using additional controllers. The
electrical requirements are very well defined
in the specification, including what circuit de-
signs to use and the exact type of cable and
connectors that are allowed. Despite this,
there are many manufacturers that do not
follow the specification and use invalid circuit
layout and incorrect connectors, which can
cause issues with compatibility and reliability.

The data packet is retransmitted continu-
ously, which helps correct any data glitches.
If no packet has been transmitted within
one second, then most receivers will switch

Bodo’'s Power Systems®

to a default setting or to an off mode. The
maximum refresh rate for 512 channels is 44
updates per second, which allows for nice
dimming with little or no visible flicker on
incandescent bulbs. LEDs may require smart
control to smooth out fading.

Electrical requirements

The electrical requirements are based on the
RS485 standard, with slight variation. It uses
RS485 differential transceivers, maximum
transmission line length of 1200m, and

up to 32 receivers per RS485 transmitter.
The driver output range is 1.5 to +6V and
receiver sensitivity is £200mV.

DMX512A requires the receivers to be
isolated, which helps avoid earth loop and
potentially lethal voltage differences. Many
low-cost receivers, often used by DJs and for
party lighting, are still non-isolated and can

strictly for use in permanent installations,
where the cable is not being moved, and the
connectors are only used on occasion. This
is more cost effective, but would not last in a
non-permanent setting.

The standard only specifies the use of five-
pin XLR type connectors for DMX512 com-
munications, and DMX512A added the use of
RJ45 connectors for permanent installation.
For the XLR connectors, the plug is used for
the DMX in and the socket for DMX out. The
pinouts for the five-pin XLR and RJ45 are
shown in Figure 1.

Despite the standard specifying the con-
nectors, many low-cost manufacturers use
three-pin XLR connectors commonly found in
professional microphones. This introduces a
number of issues from different pinouts, and
the common mistake of using microphone

|Bin# 5-Pin XLR RM5
|_1_[Signal Common [Data 1+
! 2 | Data 1- {Primary Data Link) Dala 1-

3 |Data 1+ (Primary Data Link) Drata 2+

4 | Data 2- (Optional secondary link) Not Azsigned

& | Data 2+ {Optional secondary Link) Mol Assigned

8 | Data 2-
[ 7] | Signal Camemon for Data 1
E | signal Camman for Data 2

Figure 1: Connector pinouts

cause communications issues or be a safety
hazard, especially if part of a larger network
of lights.

Cable requirements are specified as a cable
with nominal characteristic impedance of
1200J with a shield and two twisted pairs.
Only one of the pairs is generally used, as
the second pair is set aside for a secondary
channel that is not commonly used. Because
of this, many DMX512 cables use a single
pair. Due to these requirements and the hard
wearing environment of stage lighting, there
are some cable manufacturers that make
DMX512 specific data cable that is flexible
and very heavy duty with DMX, DMX512 or
DMX512A printed on the cable itself.

The DMX512A specification introduced the
use of Cat 5E cable and RJ45 connectors

September 2015

cable instead of DMX data cable, to plug-
ging of DMX and audio equipment together
accidentally. It is highly recommended that
the user comply with the DMX512A specified
cables and connectors to avoid these issues,
and to ensure DMX512A compliance.

Figure 2: Controller transmitter circuit
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Circuitry

For the controller, the transceiver is usually
a ground-referenced transmitter, although it
is possible to have it isolated. The recom-
mended circuit from the DMX512A specifica-
tion is in Figure 2 and shows how to connect
the signal and chassis (earth) grounds using
resistors. Even though the resistors are
optional, they can possibly reduce earth loop
issues if they are included in the design.
More details are found in Ansi E1.11-2008.

The receiver is isolated, as shown in Figure
3. The resistance from any pin on the DMX
connector to chassis ground must be greater
than 22M( at 42V. An optional capacitor
may be fitted between the data link common
and the chassis ground for radio frequency
bypass.

Figure 3: Receiver circuit

DMX512 uses a daisy chain connection
topology, as shown in Figure 4. Up to 32
receivers can be daisy-chained from a single
driver with a 1200hm termination resistor

at the far end of the chain. To achieve this,
there are two connectors on each receiver,
often labelled “DMX in” and “DMX out”.

The standard does allow for bidirectional
communications, and these are covered

in Ansi E1.11-2008 Annex B — Enhanced
DMX512. Communications can operate

in full or half-duplex modes using just the
primary data link, or using both primary and
secondary data links. The data protocols and
any timing requirements are not specified

in the standard. To achieve bidirectional
communications, all the transceivers must be
bidirectional and controlled using an addition-
al 10 pin. In normal operation, the controller
should be configured for transmit mode and
the receiver for receive mode.

DMX512 library

The DMX512 library is completely interrupt
driven and requires the use of a EUSART
and one timer. The timer generates the break
and the MAB (mark after break) timing for the
controller and the data time out for the re-
ceiver. The timer also generates millisecond,
minute and hour ticks and counts that can be
accessed for general use.

Using the EUSART found on many Microchip
PIC microcontrollers, the break can easily

be detected using the framing error interrupt.
The data rate of 250kbaud is a clean divide
down from common oscillator frequencies,
such as 4, 8 or 32MHz, which results in a
theoretical 0% data rate error. These fea-
tures make implementing DMX512 relatively
simple.

The library currently implements a DMX con-
troller, receiver or both, depending on how

it is configured. A future version may add
half-duplex communications capability and
possibly a basic implementation of remote
device management (RDM). Currently, the
library is targeted at the Microchip Technolo-

—
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Receiveq

o e
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{Receiver]

Figure 4: DMX512 daisy chain

These two connectors have the data and
ground lines connected between them, so it
electrically passes the data along the chain.
To connect more than 32 receivers to a
single controller, DMX splitters are required.
These can be as simple as an isolated
RS485 receiver that feeds to multiple RS485
transmitters or a more elaborate system

that uses microcontrollers to capture and
retransmit data with the possibility of limited
back channel capability. Because of this,
receivers with back channel capability should
be connected directly to the controller’s bus
to avoid potential problems.

www.bodospower.com
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gy 8bit microcontroller family with a EUSART,
but can be easily ported to the 16 and 32bit
families and some non-EUSART parts.

Conclusion

This article gives an overview of DMX512A,
showing and explaining recommended
electrical and electronic requirements, and
how the protocol was implemented in the
Microchip Technology DMX512 library.

www.microchip.com
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THERMAL MANAGEMENT

A Substrate to Rely On; New
IPC Standards for Metal-Clad
PCBs Give the Power to Choose

A new industry standard is about to emerge, which for the first time will enable product
designers to make accurate and confident comparisons between insulated metal substrates
for design projects where superior thermal performance is an imperative.

By Dave Sommervold, Engineering Manager,
Thermal Substrates, Henkel Electronics Materials, LLC

Extreme Hits the Mainstream

Thermally enhanced printed wiring board, or Insulated Metal
Substrate (IMS), has become popular in industry sectors such as ad-
vanced lighting and high-power motor control. In applications such as
these the form factors of electronic controllers are often restricted, for
example by standard sizes for replacement bulbs or layout constraints
in industrial machinery or vehicles such as forklifts.

Compared to ordinary laminate, the high thermal performance of IMS
allows engineers to size heatsinks appropriately while designing for

a low die temperature to ensure satisfactory reliability. In some ap-
plications, the heatsink and its associated fittings can be designed out
entirely, allowing greater miniaturization and simplified assembly.

In the past, IMS has arguably been a niche technology, chosen by
engineers facing extreme design pressures. The current dramatic
growth of markets for LED lighting and the increasing numbers of
hybrid/electric vehicle models on sale are two important trends now
bringing those pressures into the mainstream.

Demand for IMS is expected to increase, and this will inevitably bring
greater cost pressure into new design projects. This will have a num-
ber of effects. Firstly, vendors are likely to diversify their IMS product
ranges to help customers achieve a favorable cost/performance bal-
ance when targeting a variety of markets and applications. In addition,
new IMS brands will enter the market at attractively low prices but of
uncertain quality and performance.

A Technology in Need of a Standard

Engineers designing with IMS need to be able to rely on the qual-

ity and performance of their chosen IMS. In particular, aspects such
as the thickness and electrical strength of the dielectric have safety
implications for appliances that are operated at high voltages. In an
LED-lighting application with a large number of emitters in series, the
potential applied across the string can be several hundred volts. At
these operating voltages, a surge can cause permanent breakdown of
a weak dielectric, bringing increased risk of circuit failure or exposing
the user to the risk of electric shock. In addition the dielectric charac-
teristics, as well as other factors such as the thickness of the metal
base, dictate thermal performance and hence the overall reliability of
the circuit.

Bodo’'s Power Systems®
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Historically, there have been no standardized tests for IMS products
that enable engineers to compare products from different manufactur-
ers and be sure their chosen IMS will perform as expected. During
2013, a team from Bergquist approached industry association IPC

to suggest that such a framework was needed urgently. IPC read-

ily agreed, and gave the go-ahead to set up a committee to develop
standardized specifications and tests for IMS.

The forthcoming document (proposed as a joint standard, IPC/CPCA-
4105A), Specification for Metal Base / Copper Clad Laminates for
Rigid Printed Boards is nearing completion, having initially begun in
China by the China Printed Circuitry Association but now, as a joint
industry standard, subject to global industry consensus review. The
standard will for the first time provide an independent framework for
comparing thermally-enhanced substrates from different vendors from
around the world. This move will help designers select materials that
will best meet the needs of their applications, and allow an assurance
of quality.

IMS in Brief

IMS is available from a number of known and trusted suppliers. Ge-
nerically, the IMS stack-up comprises a metal base layer, a dielectric
layer or high thermal conductivity, and a top copper layer that is
etched to create the circuit. The metal base is typically aluminum or
copper. Figure 1 illustrates these aspects of the structure.

Circuit Layer

Dielectric
Layer

Base
Layer

Figure 1: Generic IMS stack-up.

The dielectric layer is responsible for electrically isolating the circuit
layer from the metal base. It must also have high thermal conductivity,
to ensure efficient heat transfer from the surface-mount power com-
ponents soldered to the copper pads of the circuit layer. Hence the
dielectric material characteristics, nominal thickness, and uniformity

www.bodospower.com
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THERMAL MANAGEMENT

of thickness, are critical factors that determine the performance of the
IMS, and in particular its ability to withstand hazards such as high-
voltage transients. As described earlier, breakdown of the dielectric
can compromise the safety and reliability of the circuit.

On the other hand, the material properties of the metal base layer,
and its thickness, govern the thermal capacity of the assembly, and
hence have a critical role in determining the steady-state junction tem-
perature of attached power components.

Introducing IPC/CPCA-4105A

IPC/CPCA-4105A is now progressing through consensus review and
is expected to be finalized before the end of 2015. The specification
encompasses classification, qualification and quality conformance
requirements. It is the first to address, explicitly, thermally conductive
metal base dielectric materials, including metal base laminate and
prepreg. Note that the existing IPC-4101 specification, which refers
to Base Materials for Rigid and Multilayer Printed Boards, does not
address boards with a metal base layer.

The IPC/CPCA-4105A classification system, developed by IPC for its
portion of the joint standard includes specific designations that can be
used by PCB fabricators when ordering materials from suppliers. In
addition, non-specific designations are defined, which are suitable for
use by board designers. These non-specific designators are designed
to be easy to use without requiring fabricator-level knowledge, and
can be augmented with cross-sectional views or notes on the master
drawing.

The classification system standardizes a means of describing all
aspects of the board, including the type of metal base and its nominal
thickness, as well as laminate and metal cladding. To classify the
metal base, four characters are used to define the material, and there
are also designators to define thickness and tolerance, as shown in
tables 1 and 2.

Acceptable methods for measuring the thickness of applicable
classes of dielectric materials are also specified. These include mea-
surement by microsection for class D materials, or using a micrometer
for other material classes, as illustrated in figure 2.

MBA1 Aluminum Alloy 1100
MBA2 | Aluminum Alloy 1050
MBA3 | Aluminum Alloy 1060
MBA4 | Aluminum Alloy 5052
MBAS5 | Aluminum Alloy 6061
MBC1 Copper Alloy C11000
MBS1 Steel Alloy 1050

MBS2 | Stainless Steel Alloy 304

Table 1: Designators for metal base types

A | Aluminum 0.5 mm £ 0.05mm [0.020in + 0.0020in]

Aluminum 1.0 to 1.6 mm £ 0.09mm) [0.039 to 0.0630in + 0.0035in]
Aluminum 2.0 to 2.2 mm £ 0.11mm [0.0787 to 0.0866in + 0.0043in]
Aluminum 3.0 to 3.2 mm £ 0.15mm [0.118 to 0.126in + 0.00591in]
Aluminum 24.0 mm + 0.23mm [20.157in + 0.00906in]

Copper 20.5 mm * 5% [20.020 + 5%)

—IT|®O|®

Table 2: Metal base nominal thickness and tolerance

The new standard also covers metal cladding type as well as nominal
weight and thickness, metal cladding grade, and nominal weight and
thickness of metal foil, in a similar way to IPC-4101.

METAL CLADDING

METAL BASE

Twpecal of m
= | kP 7
Classos A

Figure 2: Measurement of dielectric layer thickness
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A new method to measure thermal performance is in "Round-Robin"
test prior to an IPC-TM-650 test method submission. It will allow the
measure on an IMS substrate coupon rather than the dielectric only
measurements that are being performed currently, where method and
values are varied.

Test Method for Dielectric Strength

In addition to the specification documents, the test method “Electrical
Strength of Metal Base Printing Wiring Material” standardizes a tech-
nique for evaluating the ability of an insulating metal base material,
including conductor copper to resist electrical breakdown perpendicu-
lar to the plane of the material when subjected to short term, high volt-
ages at standard AC power frequencies of 50-60 Hz and DC power.

The method for testing electrical strength is based on the internation-
ally recognized standard ASTM D149. In fact, IPC/CPCA-4105A as a
whole, has been developed with reference to established applicable
standards by a wide variety of world-class bodies. These include IPC
base material performance standards, IPC-TM-650 Test Methods,
JEDEC solderability standards and EU RoHS, as well as ANSI and
ISO standards for measurement and test equipment.

As development of the standard has progressed, experts from a num-
ber of industry bodies and commercial organizations have engaged
with the project. The working group within the IPC is representative of
a broad cross section of the industry, encompassing material supply,
IMS fabrication, and circuit-board and system design. The standard,
when approved, is expected to gain universal acceptance among the
industry’s leading suppliers and users of IMS.

Conclusion

The new IPC/CPCA-4105A joint standard covering IMS will serve
product designers seeking reliable solutions to their thermal manage-
ment challenges, by empowering them to identify products that will
meet their requirements, and make accurate comparisons in order to
ensure the most satisfactory and cost-effective solution.

www.bergquistcompany.com/
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Designing for Zero Standby
Power (< 5S mW)

The electronic devices created in Edison’s day were not as power-efficient as they are now.
However, when they were not in use, they did not use or waste any power. That s because a
mechanical switch was used to turn them off, thus dissipating zero power when not in use.

By Michael O’Loughlin, Senior Applications Engineer, Texas Instruments

Today, most appliances, phone chargers and other electronic devices
do not have a mechanical switch. Therefore, they dissipate power
unnecessarily when idle.

Energy agencies in many countries have mandated legislation to limit
the amount of standby power that electronic devices can dissipate
when idle to help conserve energy. Depending on the rated output
power, country standards and end application, electronic devices
being manufactured need to have less than 500 mW down to 75 mW
of standby power. However, wouldn't it be better if these devices dis-
sipated zero standby power when not in use?

While zero standby power is impossible to achieve without using a
mechanical switch or unplugging the device, offline power converters
with less than 5 mW of standby power are being designed and built
today. These new power converters are being marketed as having
zero standby power. Achieving less than 5 mW of standby power is
possible when using primary-side regulated (PSR) flyback converters
in low-power offline applications (Figure 1).
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Figure 1: Schematic of an offline PSR flyback converter

One reason that the PSR flyback is a good choice for zero standby
power is because the PSR control scheme senses (VS) the output
voltage (VOUT) through the transformer’s auxiliary turns ratio (NA/
NS). This technique eliminates the need for TL431 optoisolator feed-
back circuitry. Removing the optoisolator feedback circuitry reduces
your design’s standby power by 2.5 to 5 mW. This reduces the sys-
tem’s standby power, making it easier to achieve zero power require-
ments (<5 mW). Equation 1 describes the mathematical relationship
between VS and VOUT.
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N
N—’;X (Vour+Vpe)*Rs2

Vs =

Rs1+Rs>

(1)

Some offline PSR flyback converters/controllers use a trickle-charge
resistor (RT) for to initially charge the power-supply controller’s bias
capacitor (CVDD) at power up. The only problem with this technique
is that the trickle-charge resistor dissipates power when the power
supply is idle. Power supply designers generally select RT and CVDD
to meet startup and system holdup requirements. RT is generally 5
MQ and can easily dissipate more than 5 mW, with 115-V root-mean-
square (RMS) input when the power supply is idle.

To achieve zero standby power, | recommend developing smart
startup circuitry or using a controller, such as the UCC28730, which
has this circuitry internally. This green environmentally friendly startup
circuitry only dissipates power while charging the CVDD capacitor. It
turns off once the power-supply switching has begun and when there
is enough energy in the auxiliary winding (NA) of the transformer (T1)
to power the power supply’s controller).

PSR controllers use a combination of valley switching; frequency
modulation (FM) and primary peak current (IPP) amplitude modulation
(AM) to control the duty cycle of the quasi-resonant/discontinuous fly-
back converter. This improves overall system efficiency and reduces
standby input power. See Figure 2 for a functional schematic for this
type of flyback controller.
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Figure 2: Functional schematic of constant voltage/current flyback
controller

Figure 3 describes the frequency (fSW) and primary peak current am-
plitude (IPP) modulation by the flyback controller’s constant voltage/
constant current flyback controller, based on changes at the control-
ler’s voltage error amplifier (VEA) output. The transformer’s primary
inductance is selected so that the converter operates at a maximum
switching frequency (70 to 80 kHz, 83.3 kHz maximum). As the load
decreases and less duty cycle is required, the VEA output decreases;
this causes the device’s voltage-controlled oscillator to decrease the
converter switching frequency, running the converter deeper into
discontinuous mode. This reduces the FET’s (QA) switching losses

www.bodospower.com
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provided through a temperature sensing diode, and under typical
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(PSW) with decreased loading, which improves the system’s overall
efficiency and reduces input standby power.

UCC2RTI0 Control-Law Profile in Constant-Voltage (CV] Mode
L
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Figure 3: Control law of a controller with variations in VEA

To avoid audible noise when the VEA operates between 3.55V and
2.2V, the controller will operate at a fixed frequency of 28 kHz and
adjust the converter’s duty cycle by linearly modulating the amplitude
IPP. The amplitude of IPP in this fixed-frequency operation linearly
adjusts down from its peak value to one-third of its peak value. This
adjustment decreases the energy stored in the transformer, thus
decreasing the amount of energy available to produce audible noise
at switching frequencies below 20 kHz. As the converter demands
lower and lower duty cycles, when VEA output drops below 2.2V, the
controller once again decreases the switching frequency all the way
down to 32 Hz, reducing idle power-switching losses.

Equation 2 describes the switching losses of the FET's QA
(PSW(FSW)) in a PSR flyback converter. IDS is the FET’s peak
drain-to-source current, where VDS is the voltage across the FET just
before it is turned on. COSS is the FET’s average drain-to-source
capacitance, VG is the voltage level that drives the FET and QG is the
gate charge at VG. Equation 2 shows that decreasing the frequency
reduces FET switching losses. When the converter is idle, operating

around 32 Hz, the switching-power losses of the FET will be more
than 2600 times smaller than they would have been operating at the
maximum switching frequency of 83.3 kHz.

By (fSW) = m + l VGQGfSW

2 2 )
Meeting low standby power also requires paying special attention to
the selection of bulk, filtering and electromagnetic interference (EMI)
capacitors. Select capacitors with the lowest leakage possible to en-
sure that you hit your standby power goals. In higher-power applica-
tions, you may want to consider some intelligent power management
within your design, such as turning off a power factor corrected (PFC)
pre-regulator or bypassing your EMI filter network when the converter
is idle to reduce the converter’s standby power.

Conclusion

You can use PSR flyback controllers to meet zero standby power (<

5 mW) by using PSR control techniques that remove the need for
optoisolator feedback circuitry and reduce switching losses when the
converter is idle. In higher-power applications, smart power manage-
ment may be necessary to reduce loading when the electronic device
is idle.

As a power supply designer, you will want to carefully review the data-
sheet of the PSR controller to ensure that the switching frequencies
can go low enough to reduce switching losses to meet this zero power
standby requirement (< 35 Hz recommended). | also recommend
selecting a PSR controller with low standby current and smart/green
startup circuitry that does not require a trickle-charge resistor and only
dissipates power at initial power up.

References
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IEEE ENERGY CONVERSION CONGRESS & EXPO

Important Author Dates
January 15%, 2015: Digest submitted via the website
May 1st, 2015: Notification of acceptance or rejection
July 1st, 2015: Final papers with IEEE copyright forms

Other Important Dates
February 16th, 2015 : Submission of Tutorial proposals
March 31, 2015: Submission of Special Session proposals

ECCE: | EEE

MONTREAL, CANADA | SEPTEMBER 20-24, 2015

The Seventh Annual IEEE Energy Conversion Congress and
Exposition (ECCE 2015) will be held in Montreal, Canada, on
September 20 - 24, 2015. ECCE 2015 is the pivotal internation-
al conference and exposition event on electrical and electrome-
chanical energy conversion. To be held for the first time outside
USA, ECCE 2015, in Montreal, Canada, will feature both indus-
try-driven and application-oriented technical sessions, as well as

industry expositions and seminars. ECCE 2015 will bring togeth-
er practicing engineers, researchers and other professionals for
interactive and multidisciplinary discussions on the latest

IEEE ENERGY CONVERSION CONGRESS & EXPO I| | | I

MONTREAL, CANADA | SEPTEMBER 20-24, 2015

advances in various areas related to energy conversion.
Please visit http://2015.ecceconferences.org for more informa-
tion or contact the ECCE 2015 Technical Program Chairs at
ecce2015tpc@gmail.com.

For exhibiting at ECCE 2015, please contact Exhibition Chair,
Steve Sprague at ssprague@protolam.com.

For more about Montreal and its surrounding areas, please visit
http://www.tourisme-montreal.org/.
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Researching Film Capacitors for
Converters in Wind Power Plants

The primary goal is to manufacture components with a longer life

The Husum-based capacitor specialist FTCAP participates in the innovation cluster
“Power Electronics for Regenerative Energy Supply”. The project, which is coordinated
by the Fraunhofer Institute for Silicon Technology in Itzehoe, researches new converter

technology for wind power plants. FTCAP contributes its competences in the field of high-
performance capacitors for converters to the project.

By Dr. Thomas Ebel, Managing Director, FTCAP

The increasing importance of regenerative electric power generation
by wind power plants also results in higher requirements: while the
electricity that is supplied must be of high quality, the power plants
must also be designed for high performance and long service — even
under extreme environmental conditions such as in offshore opera-
tion. Consequently, the demand for compact power electronics sys-
tems with high efficiency and a long life is high. Among the systems
currently available on the market, however, there is ample potential
for improvement in these respects.

The innovation cluster “Power Electronics for Regenerative Energy
Supply” has therefore set the goal of improving power electronic com-
ponents for wind power plants in the MW range. New components for
wind power converters are being developed and tested throughout
the entire industrial value creation chain: application-specific power
semiconductor devices (IGBTs) for innovative connection technolo-
gies, highly reliable power modules based on sintered and copper
wire bonding technology, efficient switching topologies and drive cir-
cuits as well as new mechatronic approaches form the basis for a new
powerstack generation. The goal is to develop a 3-phase powerstack
demonstrator with three power modules (one module for each phase)
that is suitable for use in a back-to-back full-power converter. The
target power rating is 1 MW.

Figure 1: FTCAP_Filmkondensatoren_Windkraft.jpg: As part of a
research project the Husum-based capacitor specialist FTCAP is
researching new, long-lasting film capacitors for converters in wind
power plants
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Innovative capacitors for wind power plants

Both the power modules and the capacitors will play a decisive role
in the development of this system: the power converter in a wind
power plant consists of two converter units. These, in turn, contain
two power modules, which are connected to each other by a DC link
equipped with capacitors and supply the entire power converter with
electricity. The capacitors store energy that can be used in the case
of a mains failure to ensure uninterrupted operation. Consequently,
the system components that are subjected to the greatest load are
the power modules and the capacitors, which must be as robust as
possible. The main challenge with respect to capacitors for converters
in wind power plants is the service life. A wind turbine should be able
to operate for many years without the need for maintenance. This
requires innovation with respect to the capacitors, as well.

Figure 2: Windkraftanlagen_Kondensatoren_FTCAP,jpg: The main
challenge with respect to capacitors for converters in wind power
plants is the service life — a wind turbine should be able to operate for
many years without the need for maintenance. Picture © pedrosala —
Fotolia

Innovation, however, also involves stumbling blocks — and there are
many of these in the case of wind power plants. In this application, the
capacitors are subjected to diverse stress factors: humidity, extreme
temperatures and high ripple currents can impair the functionality. De-
pending on the type of capacitor, this results in different potentials for
error: excessive ripple currents, for example, can damage electrolytic
capacitors beyond repair. That is the worst case scenario, which of
course has to be prevented. But also the normal detoriaton process
of the capacitors can become a problem in wind power plants. The

www.bodospower.com



fact is that in normal operation a capacitor does not fail all at once —
instead, this component is subject to a gradual detoriaton process,
which results in a continuous decrease in performance. It is therefore
necessary to examine not only the mechanisms and causes of such
a decrease in performance, but also the effects of the detoriation
process on the performance of the overall system.

Exploring the promising potentials of PEN-HV

In the search for a high-performance capacitor for wind power plants,
FTCAP is exploring the promising potentials of the high-temperature
dielectric PEN-HV within the framework of the research initiative.
PEN-HV combines the self-healing properties and the dielectric
strength of oriented polypropylene (OPP) with the mechanical and
thermal advantages of polyethylene naphthalate (PEN). This in-
novative material allows even better isolation of the capacitors for
use at temperatures of up to 125 °C. FTCAP will test film capaci-

tors equipped with PEN-HV and compare them with two standard
products. Our hope is that the new technology will result in even more
reliability and a significantly longer service life. At the same time we
want to achieve an even more compact design of the capacitors —
after all, the space in the nacelles of wind turbines is very limited. The
reduction of the size of the capacitors will be possible especially due
to the high temperature resistance of the new material, according to
the experts: if the capacitor can also withstand high temperatures,
the size of the cooling systems can be reduced or they can even be
eliminated altogether.

Whether PEN-HV will indeed pave the way for innovative wind power
capacitors will become apparent within the framework of the research
project. The experts at FTCAP will examine these and other capaci-
tors in extensive tests. They will test criteria such as the winding
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parameters, the dielectric strength and, of course, the temperature
resistance. But the storage life in combination with different encap-
sulations and housings, as well as the self-extinguishing properties
of the different materials are also relevant. It will still take some time
to determine the optimal solution: if everything goes according to
schedule, the demonstrator should be completed and tested by the
end of 2015.

Innovation cluster “Power Electronics” — the project partners
The consortium consists of the companies, Danfoss Silicon Power
GmbH, FTCAP, Reese & Thies, Senvion SE and Vishay Siliconix
ltzehoe GmbH in Schleswig-Holstein as well as the academic facili-
ties of the Christian-Albrechts University in Kiel, the Kiel University
of Applied Sciences, the Flensburg University of Applied Sciences
and the West Coast University of Applied Sciences in Heide, Ger-
many. The Fraunhofer Institute for Silicon Technology in Itzehoe is
the coordinator of the innovation cluster in Schleswig-Holstein. The
interests of the Federal State of Schleswig-Holstein are represented
by the WTSH Corporation for Business Development and Technol-
ogy Transfer. Subsidisation at the regional level is provided by the
“Programme for the Future of the Economy” and the Ministry of Eco-
nomic Affairs, Labour, Transportation and Technology of Schleswig-
Holstein.

FTCAP GmbH, Carl-Benz-Str. 1, 25813 Husum/Germany

http://www.fraunhofer.de/de/institute-einrichtungen/kooperationen/
innovationscluster/leistungselektronik-regenerative-energieversor-

gung.html
www.ftcap.de

X2PT.... the efficient solution for motor drives

New 2nd XPT generation
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o Designs for 1200V and 1700V IGBTs
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Ist Products Vges  Circuit  Package
MIXG 85WB1200TEH 1200V CBI E3

MIXG 85W1200TED 1200V 6-pack E2

MIXG 120W1200TEH 1200V 6-pack E3

MIXG 180W1200TEH 1200V 6-pack E3

MIXG 330PF1200TSF 1200V Phase leg SimBus F

MIXG 490PF1200TSF 1200V Phase leg SimBus F

MIXG 300PF1700TSF 1700V Phase leg SimBus F

\_ MIXG 450PF1700TSF 1700V Phase leg SimBus F Y,

STIXYS
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i T cost-efficient market solution Mersen designs innovative solutions to

customer requirements, to optimize their in-
dustrial performance in high-growth sectors:
energy, transportation, electronics, chemical/
pharmaceutical and process industries.
Mersen works with the customer to integrate
our products for electrical power into the
customer’s application, to make it safer and
more reliable.

www.ep.mersen.com

from Mersen to realize grid
disconnection on all poles
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100 mm wide footprint
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F' in cable distribution cabinets
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electrical power solutions
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Indium8.9HF Solder Paste at SMTAI

Indium Corporation will
feature Indium8.9HF, a
halogen-free, no-clean
solder paste with
excellent performance
stability during printing,
at the SMTA Inter-
national Conference
Sept. 27-Oct. 1 in
Rosemont, lIl.

Pb-free Indium8.9HF
is perfectly suited

for a wide variety of
applications, including
automotive, consumer
and communications.
This is due to its high
print transfer efficiency and robust reflow
process window capability. With reliable
performance stability during usage, a clear,
probe-testable flux residue, and a resilient
oxidation barrier for strong head-in-pillow and
graping resistance, Indium8.9HF is our best
all-round performing solder paste.

For more information about Indium8.9HF or
the Indium Pb-free series of solder pastes,
visit www.indium.com/indium8.9series or
stop at Indium Corporation’s booth #430.
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IXYS Introduces 1.2KV X2PT IGBT E3
and SIMBUS F Power Module Series

IXYS Corporation, a leader in power
semiconductors and HVIC technologies

for energy efficient products used in power
conversion, motor control, medical and
transportation applications announced the
release of a new product line of IGBT power
modules utilizing the latest X2PT IGBT tech-
nology in industry standard E3 and SIMBUS
F housings.

The newly released range of IGBT power
modules will contain the second generation
XPT IGBTSs, the X2PT IGBT technology,
resulting in improved power switching perfor-
mance with the high level of ruggedness that

characterized the IXYS XPT and other IGBT
products.

First modules launched are rated at
1200V/120A (MIXG120W1200TEH) and
1200V/180A (MIXG180W1200TEH) in
6-pack configuration in a E3 housing, and a
1200V/330A (MIXG330PF1200TSF) and a
1200V/490A (MIXG490PF1200TSF) rated
phase leg in a SIMBUS F housing. Higher
power rating modules and the smaller E2
type modules will be introduced soon as
standard products.

WWW.ixys.com

BIRICHA
DIGITAL

Power Supply Design Workshops

World Leading Training

Learn how to design stable analog and digital PSUs in just 3 days

Analog PSU Design
- Milan, Italy: June Sth-11th
- Dallas, TX: July 14th-16th

PFC Design (Analog and Digital)
- Garching, Germany: July 7th-9th
- Houston, TX: Novemnber 10th-12th

Digital PSU Design

- Boston, MA: June 2nd-4th

- Stockholm, Sweden: October 6th-8th
- Houston, TX: Movember 17th-19th

Biricha WDs

Automated PSU design software

(analog and digital). Download now:

biricha.com/wds

biricha.com

Arallsza

www.bodospower.com
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INVERTER
ASSEMBLY

INTERCONNECT
SOLUTIONS

Wire Bondable Frames
Multilayer Busbars
Interconnects
Stackable Integration

THE INTERPLEX ADVANTAGE

e High-Force Pluggable
Solder-Free Interconnects

e High Current, CTE Compliant

e Engineered Application -
Specific Solutions

e Reduced Current Paths =
Lower Inductance

¢ Integrated, Stackable Ease
of Assembly Solutions

e Global Manufacturing Footprint

1,
interplex.com

power@us.interplex.com

Interplex

Re-engineering Success


http://www.ixys.com
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@& EU PVSEC 2015

% European Photovoltaic Solar Energy
* 5 * Conference and Exhibition

The Innovation Platform for the global PV Solar Sector

r EU PVSEC 2014

CCH - Congress Center Hamburg
Hamburg, Germany

Conference 14 - 18 September 2015
Exhibition 15 - 17 September 2015

www.photovoltaic-conference.com
www.photovoltaic-exhibition.com



Expanded MiniSKiiP Product Platform by Twin 6-Pack for

Regenerative Inverters

SEMIKRON'’s MiniSKiiP power module platform is designed for
600V/650V, 1200V and 1700V with a current range from 4A to 400A
and provides a comprehensive setup of circuit topologies. The
SPRING Technology for the power and control terminals enables fast,
cost-effective and solder-free assembly of the circuit board, cooling
unit and power module. MiniSKiiP is primarily used in industrial motor
drives, solar inverters and power supplies. In addition to a vast range
of circuit topologies, higher integrated MiniSKiiP Twin power modules
with two independent 1200V 6-packs in one package are available
now.

Constantly rising energy costs drive the trend for energy savings and
regenerating concepts. Especially systems moving mechanical load
by converting electrical energy into kinetic energy can be used for
regeneration by feeding the brake energy back into the AC supply
network instead of “burning” it at a brake resistor. Higher integrated
and optimised MiniSKiiP Twin power modules provide a significant
advantage for developing compact regenerative inverters by reduc-
ing the inverter size and number of used components resulting in a
system cost reduction. MiniSKiiP Twin power modules are dedicated
to all kinds of inverters with an integrated regeneration function, also
known as four-quadrant inverters, used in applications like elevators,

escalators, cranes and winches, where the mechanical energy of the
motor and connected load will be converted into electrical energy for
returning (or regenerating) back to the AC supply grid.

MiniSKiiP Twin power modules are available with a nominal current
rating from 8A to 35A per 6-pack. Further types with higher current
rates are under consideration.

Low-Stress Silicone Encapsulant Expands Portfolio for

Solar Inverters

Dow Corning introduced Dow Corning® EE-3200 Low-Stress Silicone
Encapsulant — the latest addition to its broad and growing portfolio of
advanced solutions designed to expand performance and durabil-

ity of solar micro-inverters, power optimizers and other high value
components.

Offering a tailored balance of low viscosity, room-temperature cure,
low hardness and good thermal conductivity, EE-3200 Low-Stress
Silicone Encapsulant is a two-part silicone formulation that helps
minimize processing costs compared to competitive polyurethane
encapsulant materials. Unlike polyurethanes, which often require pre-
heating before application, Dow Corning’s advanced silicone formula-
tion eliminates the pre-heating step — with its associated costs — and
enables electronic assemblies to be filled more quickly. Additionally,
where polyurethane encapsulants generally take 90 minutes to cure,
EE-3200 Low-Stress Silicone Encapsulant offers simple room-
temperature cure with the option to reduce cure time to 20 minutes at
temperatures of 50° C, further minimizing processing costs.

Dow Corning’s advanced low-stress encapsulant protects sensitive
electronic components against mechanical strain caused by thermal
cycling while also providing mechanical adhesion to prevent corro-
sion from moisture ingress. This improves the reliability, durability,
and therefore the value of solar micro-inverters. The components in
electronic modules encapsulated with EE-3200 Low-Stress Silicone
Encapsulant were exposed to 60 percent less stress in accelerated
aging tests, compared to components in modules encapsulated with
polyurethane. This indicates that Dow Corning’s new material can
help extend the lifetime of solar installations even under harsh condi-
tions. Its dielectric properties and low viscosity also make it ideally
suited for use in today’s smaller designs where traditional encapsu-
lants can entrap voids or experience property changes with exposure
to humidity.

At ICW we specialise in capacitors for demanding
power electronics applications.

An extensive product catalogue, short lead times and
competitive prices ensure that we are able to respond
to your varying demands.

Innovative solutions

In addition, when you have a specific requirement;
perhaps an unusual capacitance, a high ripple current,
a difficult physical dimension or terminal arrangement
then ICW has the electrical, mechanical and thermal
expertise to quickly and cost effectively engineer an
ﬁ"_ application specific capacitor.

So, if you want capacitor expertise, knowledgeable
product advice and great service...Talk to us now!

Competitive prices

Industrial Capacitors (Wrexham) Ltd

Miners Road, Llay, Wrexham
North Wales, UK. LL12 OPJ
Tel: 44 (0)1978 853805
Fax: 44 (0)1978 853785
Email: sales@icwltd.co.uk

Web: www.icwltd.co.uk

MADE IN BRITAINK

World class lead times


http://www.semikron.com/
http://www.dowcorning.com/content/publishedlit/11-3447_Solutions_for_Solar_Electronics.pdf
http://www.dowcorning.com/content/publishedlit/11-3447_Solutions_for_Solar_Electronics.pdf
http://www.dowcorning.com

CWIEME
CHICAGO

www.coilwindingexpo.com/chicago
6-7 October 2015 DESCC Chicago

— THE HEART —
OF YOUR INDUSTRY

CWIEME Chicago is the leading show of its kind in North America catering to
the coil winding, transformer and electrical manufacturing sectors.

Attend CWIEME Chicago to meet specialist suppliers and benefit from this
unigue networking opportunity as industry professionals
all gather under one roof.

REGISTER NOW to attend and save $40:

BROUGHT TO YOU BY



Powerex Manufactures a Wide Range of Disc & Stud

Discrete Rectifiers

General Purpose Fast Recovery
Voltage: 100V to 6500V Voltage: 200V to 3600V
Current: 100A to 12,000A Current: 125A to 1500A

'Discrete Thyristors

Phase Control SCRs Inverter Grade SCRs
Voltage: 100V to 6500V Voltage: 200V to 2000V
Current: 40A to 5000A Current: 40A to 2100A

T7AOWEREX

WWW.pwrx.com n B




SEMICON' = =
Europa20Il5 | PE20I5

6 — 8 October o Messe Dresden, Germany
WWW.Semiconeuropa.org

SEMICON Europa technology and business
programs address the critical issues and
challenges facing the microelectronics industry
and provide the information, education, and
guidance that you need to move your
innovations and products to market.

EXHIBITION AREAS

e Semiconductor Manufacturing
Equipment for Front-End and Back-End,
Materials and Services

e Allée des Clusters

e Applications and Components
Industry 4.0, Medtech, Automotive,
Imaging, Power Electronics, Plastic Electronics,
loT, Cool Silicon

¢ |nnovation Village

e Science Park

PROGRAM TOPICS

e Semiconductor Technology including Fab
Management, Automation, Advanced Technology
Nodes, Lithography, Metrology, New Materials,

Register now online:

bvixh MEMS
Use promotion code and save 25 Euro! * Advanced Packaging and Test
Free access to SEMICON Europa 2015. ¢ Imaging Conference
www.semiconeuropa.org e Low Power Conference

e Power Electronics Conference

e Plastic Electronics Conference
Supported by: e Executive and Market Programs

e Silicon Innovation Forum

Freistaat
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NEW PRODUCTS

Dual Isolation plus DC-DC Converter Si88x2x Now at
Mouser Electronics

Mouser Electronics, Inc. is now stocking Si88x2x Dual Digital Isolators
from Silicon Labs. The Si88x2x modules integrates proven digital iso-
lator technology with an on-chip isolated DC-DC converter to provide

regulated output voltages of 3.3V or 5.0V at peak output power of up
to 5W with external power switch.

The Silicon Labs Si88x2x Dual Digital Isolators, available from
Mouser Electronics, include a DC/DC controller with user-adjustable
frequency for minimizing emissions, a soft-start function for safety, a
shutdown option, and loop compensation. The Si88x2x modules’ to-
pology allows them to sense the output voltage on the secondary side
without requiring additional optocouplers and support circuitry to bias
those optocouplers. This allows the DC-DC converter to operate with
excellent line and load regulation while reducing external components
and increasing lifetime reliability.

The DC-DC converter works in conjunction with an external trans-
former to provide up to 5W of isolated power with a 24V input supply
and an external switch to supply the secondary side of the Si88xx2x,
as well as other circuits on the isolated side with a 5V supply. The
ultra-low-power digital isolation channels offer substantial data rate,
propagation delay, size, and reliability advantages over legacy isola-
tion technologies. Data rates up to 100Mbps are supported, and all
devices achieve propagation delays of only 23ns (max).
www.mouser.com/new/Silicon-Laboratories/silabs-si88x2x-isolators

Film Capacitors for High-Voltage Applications

The German capacitor manufacturer FTCAP has expanded its portfo-
lio in the area of high-voltage capacitors. The company now offers film
capacitors that enable a voltage of up to 120 KV DC, which makes
them ideal for use in X-ray machines and high-voltage power supply
modules, for example.

The new film capacitors for high-voltage applications are designed
for flexible adaptation to the respective requirements: the edge
steepness (dU/dt) can be changed individually as needed and the
capacitors can also be implemented in diverse types. “We produce
the housing ourselves, at the factory in Husum; custom designs

are no problem. For example, the new film capacitors can easily be
integrated in existing installation spaces,” explains Dr. Thomas Ebel,

Managing Director of FTCAP. The innovative film capacitors are avail-
able with a voltage of up to 120 KV DC in a housing.

The newly developed vacuum casting technology achieves especial-
ly high-quality and homogeneous insulation, which reduces partial
discharges to a minimum. The potting and encapsulation are resistant
to high-voltage oil to guarantee a long service life. Because FTCAP
always strives to convince its customers all along the line, each single
film capacitor is subjected to extensive tests and measurements for
quality assurance prior to delivery.

The new
standard for fast
high-power
switching.

viy AR HRED
Power and productivity
for a better world™ " I. I'

The new 1,700 volt, 2 x 1,000 ampere

»‘:_,.\:.'"" LinPak open standard module offers record
F low stray inductance and highest current
.._11:\’ = density. This enables the full utilization of the

low switching loss 175 °C capable SPT+*
- IGBT technology. The modular design of the

5 - LinPak allows easy paralleling and thus
/ covers a large range of inverter powers. A

3,300 volt version will follow soon.
www.abb.com/semiconductors

ABB Switzerland Ltd. / ABB s.r.o.
www.abb.com/semiconductors
abbsem@ch.abb.com

Tel.: +41 58 586 1419



http://www.mouser.com/?cm_mmc=PressRelease-PR-_-SiliconLabs-_-Si88x2x-_-2015-08-13
http://www.mouser.com/new/Silicon-Laboratories/silabs-si88x2x-isolators/?cm_mmc=PressRelease-PR-_-SiliconLabs-_-Si88x2x-_-2015-08-13
http://www.mouser.com/Silicon-Laboratories/?cm_mmc=PressRelease-PR-_-SiliconLabs-_-Si88x2x-_-2015-08-13
http://www.mouser.com/new/Silicon-Laboratories/silabs-si88x2x-isolators/?cm_mmc=PressRelease-PR-_-SiliconLabs-_-Si88x2x-_-2015-08-13
http://www.mouser.com/applications/low_power/?cm_mmc=PressRelease-PR-_-SiliconLabs-_-Si88x2x-_-2015-08-13
http://www.mouser.com/new/Silicon-Laboratories/silabs-si88x2x-isolators/?cm_mmc=PressRelease-PR-_-SiliconLabs-_-Si88x2x-_-2015-08-13
http://www.ftcap.de
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plexXim

electrical engineering software

Plegs

THE SIMULATION SOFTWARE PREFERRED
BY POWER ELECTRONICS ENGINEERS

MODELING DOMAINS KEY FEATURES

» Electrical » Fast simulation of complex systems
» Control » Code generation

» Thermal » Frequency analysis

» Magnetic » Available as standalone program

» Mechanical or Simulink blockset

Get a free test licens_e
www.plexim.com/trlal




NEW PRODUCTS

PMBus Converters with Frequency Synchronization

Reduce EMI

Texas Instruments introduced the industry’s first 20-A and 30-A
synchronous DC/DC buck converters with frequency synchroniza-
tion for low-noise and reduced EMI/EMC and a PMBus interface for
adaptive voltage scaling (AVS). TI's SWIFT™ 20-A TPS544B25 and

High-current SWIFT™ converters

with frequency synchronization
20-A and 30-A buck converters support adaptive voltage scaling -

= Integrated power MOSFETs
- PMBus™ interface and telemetry

= Non-volatile memory
for custom settings

30-A TPS544C25 converters integrate MOSFETs and feature small
PowerStack™ QFN packages to drive ASICs in space-constrained
and power-dense applications in various markets, including wired

and wireless communications, enterprise and cloud computing, and
data storage systems. Used in conjunction with TI's award-winning
WEBENCH® online design tools, the converters simplify power
conversion and speed the power supply design process. For more in-
formation, samples and an evaluation module, visit http://www.ti.com/
pmbusswift-pr-eu.

The highly integrated converters feature 0.5 percent reference-voltage
accuracy and full differential remote-voltage sensing to meet the
voltage requirements of deep sub-micron processors. Frequency syn-
chronization to an external clock eliminates beat noise and reduces
EMI. Additionally, the TPS544B25 and TPS544C25 offer pin-strapping
that enables the devices to start up without PMBus commands to

an output voltage set by a single resistor. Programmability, real-time
monitoring of the output voltage, current and external temperature,
and fault reporting via PMBus simplify power-supply design, increase
reliability, and reduce component count and system cost. Read a blog
post on “Selecting the correct PMBus POL solution for your applica-

tion.”

2kV and 8kV Safety-Rated High Voltage Differential Probes

Teledyne LeCroy introduces two additions to the HVD3000 series of
high voltage differential probes — the 2 kV safety-rated HVYD3206
and the 8.4 kV safety-rated HVD3605. These probes demonstrate
Teledyne LeCroy’s leadership in the fast growing power electron-

Y ol

ics market by providing superior performance and uniquely meeting
specific industry test needs per the latest industry standards. Like the
existing 1 kV safety-rated HVD310x probes, these new probes pro-
vide excellent performance by offering the best gain accuracy, widest
differential voltage range, high offset range and exceptional common-
mode rejection ratio (CMRR).

The HVD3605 is safety-rated for 8485 V (DC + pk AC) and 6000 Vrms
for the best test coverage of 5kV class electrical apparatus and power
electronics. This probe has exceptional 1% gain accuracy, excellent
CMRR, standard 6 meter cable, the industry’s widest differential volt-
age range of 7000 V (DC + pk AC) with a 7600 V maximum measur-
able differential voltage before amplifier saturation, and an industry-
best offset range (up to 6000 V) along with 100 MHz of bandwidth.
The HVD3605 is the only probe that permits AC Line, DC bus, and
drive/inverter output voltage probing through 4160 V apparatus rat-

ings.
Teledyne.com
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ABB Switzerland Ltd. / ABB s.r.o.

www.abb.com/semiconductors
abbsem@ch.abb.com
Tel.: +41 58 586 1419

Industry icons go quality.

Coming from high-power semiconductors, ABB is regarded as one of the world’s
leading supplier setting world standards in quality and performance. ABB’s unique
knowledge in high-power semiconductors now expands to industry standard
medium-power IGBT and bipolar (thyristor/diode) modules. ABB is launching the

e 62Pak: a 1,700 volt, 300 ampere, dual IGBT in a 62 mm package

e 20Pak, 34Pak, 50Pak and 60Pak: 1,600 - 6,000 volt, 120 - 830

ampere dual thyristor and dual diode modules in 20 - 60 mm packages

Demanding medium-power applications such as low-voltage drives, soft
starters, UPS and renewables benefit from ABB’s well-known experience and
quality.
For more information please contact us or visit our website:
www.abb.com/semiconductors

viy AL HDED
Power and productivity
for a better world™ " I. l.



PrimePACK™ with IGBT5 and .XT

The dawning of a new era -
Infineon’s latest IGBT chip and interconnection technologies.

Benefits

> Increasing power density by 25% or
> 10 times longer lifetime

Main Features

New Chip Technology: IGBT5

> Reduction of total losses by up to 20 %

> Increased operation temperature T, = 175°C
New Interconnection Technology: .XT

> Increased power and thermal cycling capabilities

o _.
(Infineon
www.infineon.com/PrimePACK
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