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POWER CHOKE TESTER
DPG10/20 SERIES
WITH 3-PHASE EXTENSION UNIT

Inductance measurement on 1~ and 3~ reactors from 0.1 A to 10 kA
3-PHASE EXTENSION UNIT KEY FEATURES OF THE DPG10/20 SERIES

 Easy and quick measurement of 3-phase inductors

* Automatic measurement of all windings without
reconnecting the terminals

* The software considers the different magnetic flux
conditions in the core with 3-phase sinusoidal currents
and corrects the measurement results

* The measurement result is equivalent to a conventional
measurement with 3-phase sinusoidal mains voltage

Measurement of the

* Incremental inductance L;(i) and L;,.(/Udt)
« Secant inductance L (i) and Lg.(/Udt)

¢ Flux linkage (i)

* Magnetic co-energy W_(i)

¢ Flux density B(i)

* DC resistance

KEY BENEFITS

* Very easy and fast measurement

* Lightweight, small and affordable price-point
despite of the high measuring current up to 10000A

* High sample rate and very wide pulse width range
=> suitable for all core materials

APPLICATIONS

Suitable for all inductive components from small SMD
inductors to very large power reactors in the MVA range
* Development, research and quality inspection

* Routine tests of small batch series and mass production

Technological leader in pulsed inductance measurement for 18 years

www.ed-k.de
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WURTH ELEKTRONIK MORE THAN YOU EXPECT

AFRAID OF INRUSH CURRENT?
T EMC FERRITES BY PEAK

WE are here for you!

WE

Join our free webinars on:
www.we-online.com/webinars

REDEXPERT. = Pulse Designer for EMC PCBFerrites = Ability to compare inductance/current
Wirth Elektronik’s online platform to meet inrush current requirements and temperature rise/DC current
for simple component selection and based on inrush current amplitude using interactive measurement curves
performance simulation: and pulse length = Available in seven languages
www.we-online.com/redexpert = The world's most accurate = Online platform based on
AC loss model measured values
= Filter settings for over 20 electrical = Order free samples directly
and mechanical parameters = Direct access to product datasheets
= [nductor simulation and selection = Comfortable and clear component

for DC/DC converters selection


https://redexpert.we-online.com/redexpert/

Viewpoint

March 2022

bodospower.com

Bodo s Power Systems®

A Media
Katzbek 17a
D-24235 Laboe, Germany
Phone: +49 4343 42 17 90
Fax:  +494343 4217 89
info@bodospower.com
www.bodospower.com

Publisher
Bodo Arlt, Dipl.-Ing.
editor@bodospower.com

Editor
Holger Moscheik
Phone + 49 4343 428 5017
holger@bodospower.com

Editor China
Min Xu
Phone: +86 156 18860853
xumin@i2imedia.net

US Support
Rusty Dodge
Phone +1 360 920 7825
rusty@eetech.com

Creative Direction & Production
Bianka Gehlert
b.gehlert@t-online.de

Free Subscription to qualified readers

Bodo s Power Systems
is available for the following
subscription charges:

Annual charge (12 issues)
is 150 € world wide

Single issue is 18 €
subscription@bodospower.com

Printing by:
Westdeutsche
Verlags- und Druckerei GmbH
Kurhessenstral3e 4 - 6
64546 Morfelden-Walldorf
Germany

A Media and Bodos Power Systems
assume and hereby disclaim any

liability to any person for any loss or
damage by errors or omissions in the
material contained herein regardless
of whether such errors result from

negligence accident or any other
cause whatsoever.

Thermal Management Innovation 2022

Online March 14 -18
www.ev-manufacturing.com/
webinars-btm-innovation

CIPS 2022

Berlin, Germany March 15-17

WWW.Cips.eu

APEC 2022

Houston, TX, USA March 20 - 24

www.apec-conf.org

Houston, We Have a Problem

We probably
wouldn't have trav-
elled to Texas by
spaceship but
somehow that
popular but slightly
incorrect quote
from the Apollo 13
crew came to mind
when Bodo and |
made the final decision not to attend the
APEC show this year. It was a very difficult
decision as we both enjoy the special spirit
of this event. We always welcome the op-
portunity to meet our customers and part-
ners in North America in person and at the
same time learn about the latest trends.
But on the other hand, we are running a
monthly magazine, and it's these clients,
and our readers of course, who deserve a
reliable and timely delivery of Bodo's Pow-
er Systems. That wouldn't be guaranteed
if we had to quarantine or were unable
to return home for some reason. We are
a small team and can't handle downtime
too well. So, for this year our magazine will
be present at the show and at the trade
press booth. | hope that we can all meet
in person for next year and Florida doesn't
sound too bad either! For this year, | wish
APEC a successful show and a great time in
Texas to all attendees!

Over the last | would say 12 to 18 months,
we have published several announcements
about companies increasing their produc-
tion capabilities by either building new
fabs or by increasing available capacities
and this issue contains more of this news.
Of course, power-related news only, that's
what we stand for. Now the EU announces
the “European Chip Act to confront the
semiconductor shortage and to strengthen
Europe's technology leadership” and it
sounds great, doesn't it? €43 billion euros
of public and private investments over the
next years is planned, and the official press
release also communicates a goal: Europe

Events

SEMI THERM 2022
San Jose, CA, USA March 21 - 25
www.semi-therm.org

DesignCon 2022
Santa Clara, CA, USA  April 5-7
www.designcon.com

EnerHarv 2022
Raleigh, NC, USA  April5-7
www.enerharv.com

wants to double its market share to 20%
in 2030. Considering that some of the
continents are not necessarily famous for
semiconductor industries, that leaves Asia,
North America, and Europe as the main
players and to me this means that Europe
wants to catch up to the other two in vol-
ume. That's an ambitious goal, but it's also
a chance and 8 years is not a long time, so
we will soon see how much substance was
in this announcement from Brussels. You
can read it here: https://ec.europa.eu/com-
mission/presscorner/detail/en/IP_22_729

Historically, R&D is a European subject
while volume is produced in Asia, but
nowadays semiconductor production is
highly automated and can be at any place
in the world. Europe had projects in the
past with memory fabs that failed badly,
such as Siemens’ when Heinrich von Pierer
opened the Newcastle fab. 12 years later it
was demolished with lots of public money
having been wasted.

Bodo’s magazine is delivered by postal
service to all places in the world. Itis the
only magazine that spreads technical
information on power electronics globally.
We have EETech as a partner serving our
clients in North America. If you speak the
language, or just want to have a look, don't
miss our Chinese version at bodospow-
erchina.com. An archive of my magazine
with every single issue is available for free
at my website bodospower.com.

My Green Power Tip for the Month:
Spring is coming and it's time to let the rain
fill your water reservoirs for the garden.
Especially the freshly planted need lots

of water in the beginning. Don't waste

tap water, use rain and contribute to the
natural cycle!

Kind regards

FORTRONIC 2022
Bologna, Italy  April 12 -13
www.fortronic.it

EXPO Electronica 2022
Moscow, Russia April 12 - 14
www.expoelectronica.ru

Smart Systems Integration 2022
Greneoble, France  April 26 - 28
www.smartsystemsintegration.com


https://ec.europa.eu/commission/presscorner/detail/en/IP_22_729
https://ec.europa.eu/commission/presscorner/detail/en/IP_22_729
http://www.ev-manufacturing.com/webinars-btm-innovation
http://www.ev-manufacturing.com/webinars-btm-innovation
http://www.cips.eu
http://www.apec-conf.org
http://www.semi-therm.org
http://www.designcon.com
http://www.enerharv.com
http://www.fortronic.it
http://www.smartsystemsintegration.com
http://bodospower.com

HMSR

Packaged as SO16 surface-mount device with a height of just 6 mm, HMSR current
sensor is adapted to the power electronics world for a perfect integration thanks
to its SMD automatic assembly and space saving. As a reinforced insulation
level, cost effective and miniature solution for current sensing, HMSR provides
solutions to photovoltaic, white goods, windows shutters, air-conditioning, high
switching frequencies drives applications.

www.lem.com

L=

Life Energy

6, 8,10, 15, 20 or 30 A, nominal current

0.5% typical accuracy into the operating temperature range
High performance gain and offset thermal drifts

2 ys response time

Operating temperature range: -40°C to +125°C

Unique primary conductor included withstanding overload
current bursts up to 20 kA

Double overcurrent detection outputs

™M

Motion


https://www.lem.com/en
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GaN-on-Si FET Producer Opens Locations in the USA and Europe

Innoscience Technology announced the of-
ficial launch of its international operations
in the USA and Europe. Headquartered in
Suzhou, China, Innoscience is now poised
to support customers through the addition
of design and sales support facilities in San-
ta Clara, California, and Leuven, Belgium.

Founded in December 2015, the company
has currently a capacity of 10,000 8-inch
wafers per month which will ramp up to
14,000 8-inch wafers per month later this
year and 70,000 8-inch wafers per month
by 2025. The company has a wide portfo-
lio of devices from 30V to 650V and has
shipped more than 35 million parts for use
in applications including USB PD chargers/
adapters, data centers, mobile phones and
LED drivers. Innoscience produces high-

performance, normally-off e-mode GaN
FETs. By introducing a stress enhance-
ment layer, the company has significantly
reduced RDS(on) without affecting other
parameters including threshold voltage
and leakage. Both epitaxy as well as device

processing have been optimized to obtain
high reproducibility and yield. Parts have
passed quality and reliability tests in excess
of JEDEC standards.

Comments Dr. Denis Marcon, General Man-
ager, Innoscience Europe: “The time is right
for GaN, and Innoscience is ready to supply
the world. We will surpass anyone on price
for an equivalent device and our huge man-
ufacturing capacity means that our custom-
ers are assured of security of supply, which
is often uppermost in people’s minds given
the shortage of chips at the moment. We
look forward to working with any company
in order to proliferate GaN throughout the
global electronics industry.”

www.innoscience.com

Program Amplifies Gallium Nitride Speed, User-Experience and CO,-Reduction Benefits

Navitas Semiconductor has announced a GaNFast Global Market-
ing Program with consumer electronics and accessory specialist
UGREEN. The program builds on the companies’ successful tech-
nology partnership to create awareness of GaN and education for
global consumers. In-person and on-line events emphasize the sig-
nificant capability of GaN technology to set standards in fast charg-
ing, with miniaturized form-factors, and sustainability benefits to
reduce energy consumption and carbon emissions. Additional
cooperation to increase global consumer awareness of GaN and
associated charger products include enhanced product promotion
via the companies’ official websites, social media channels, confer-
ence/trade show booths, and video displays on the Nasdaq build-
ing in Times Square, New York.

Commenting on the GaNFast Global Marketing Program, Charles
ZHA, VP and GM of Navitas China stated: “We have already estab-
lished a highly successful relationship with UGREEN at the product
technology level. This program builds on that success and takes it
to a new level by strengthening the depth of cooperative market-
ing. Together, we will offer more in-depth knowledge for the mar-

ket and consumers and also strengthen the link between the power
semiconductor industry and the 3C digital product industry.”

www.navitassemi.com

GaN-Valley Founded in Belgium

BelGaN Group BV has completed the acquisition of all shares of
ON Semiconductor Belgium BV from the onsemi group. BelGaN will
transform into a leading GaN (Gallium Nitride) automotive semi-
conductor foundry in Europe. BelGaN will form the foundation for
a GaN-Valley, a growing and innovative ecosystem for GaN-based
chips and power electronics with applications, amongst others, in
Electrical Vehicle, Mobile, Industrial, Data Center and renewable
energy markets in Europe and beyond. This is well aligned with the
European ambition for greater chip autonomy (European Chips
Act) and a carbon-neutral society (Green Deal). BelGaN's vision is to

become a leading 6 inch and 8 inch GaN Foundry in Belgium, at the
heart of Europe, developing GaN technologies and manufacturing
GaN products. Going forward an extensive and rich roadmap of
new GaN technologies will be developed and qualified for the high
demands of the automotive market, amongst others.

Within a few years, the site in Oudenaarde will be transformed
from a Silicon site to a GaN site. This will give an innovation-driven
growth boost to the region and provide employment opportunities
in Oudenaarde with multiple career opportunities in R&D, opera-
tions and various service departments.

GaN-Valley targets a growing industry for electronic systems in
which energy supply and usage of electrical energy will become in-
creasingly more efficient (less energy waste), smaller, lighter and
lower cost. BelGaN and GaN-Valley are driven by energy and cli-
mate mega-trends on increased electrification for higher sustain-
ability and carbon neutrality (solar- and wind-energy, electric cars
etc.), at affordable energy costs. E.g. according to industry experts,
every GaN device shipped would save 4kg CO2 compared to its Sili-
con counterpart.

www.belgan.com


http://www.innoscience.com
http://www.belgan.com
http://bodospower.com

ROHIM

SEMICONDUCTOR

ROHM’S GEN 4 SiC POWER DEVICES

As a technology leader ROHM is contributing to the realization of a sustainable society by focusing on
the development of low carbon technologies for automotive and industrial applications through power
solutions centered on SiC Technology. With an in-house vertically integrated manufacturing system,
ROHM provides high quality products and stable supply to the market. Take the next development step
with our Generation 4 SiC power device solutions.

Reduced ON resistance by 50% lower switching loss A more flexible gate voltage
40% compared to previous over previous generation range 15 -18V, enabling to
generation without sacrificing by significantly reducing the design a gate drive circuit that
short-circuit ruggedness. gate-drain capacitance. can also be used for IGBTSs.

www.rohm.com
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Capital Investment for Increase in Production of SiC Power

Semiconductors

Fuji Electric is pleased to announce that it has made a decision to
carry out capital investment in Fuji Electric Tsugaru Semiconductor
Co., Ltd. (Goshogawara City, Aomori Prefecture), one of their power
semiconductor production bases, for an increase in the production
of SiC power semiconductors. Mass production is planned to be-
gin in fiscal 2024. In the Five-Year Medium-Term Management Plan
ending in fiscal 2023 (fiscal 2019 - fiscal 2023), FE announced that
it will carry out capital investments totaling 120 billion yen toward
power semiconductors. Although our capital investments currently
focus on front-end process production lines for 8-inch Si (silicon)
wafers, our amount of investments in power semiconductors, in-
cluding this investment in SiC power semiconductors, is expected
to expand to 190 billion yen, set against conditions of increased
demand for electrified vehicles and renewable energy.

SiC power semiconductors are next-generation power semicon-
ductors that use SiC (silicon carbide) materials. Currently, power
semiconductors that use Si materials are the most common, but
SiC power semiconductors can make it possible to conserve energy
and reduce the size and weight of Power Electronics Equipment
they are installed in. FE predicts that the power semiconductor
market (the market targeted by FE) will account for 2 trillion yen
in fiscal 2024, with SiC power semiconductors making up approxi-
mately 8% of this. The market growth rate of SiC power semicon-
ductors is expected to be 17% or more from fiscal 2021 to 2024.

www.fujielectric.com

Chinmaya Joshi Appointed Global Automotive Segment Director

Vicor Corporation announced the appoint-
ment of Chinmaya Joshi (“CJ"), as Global
Automotive Segment Director. Chinmaya
joins Vicor from the Jaguar Land Rover
group where he served as a Senior Man-
ager for powertrain power electronics.
Chinmaya brings deep automotive indus-
try experience with over ten years leading
DC-DC converter design and development
teams for HEV, PHEV and BEV vehicle plat-
forms. His primary role at Vicor will be to

support the expansion of the OEM customer base, tier-one suppli-
ers and automotive system partners through high density modular
solutions for electrification. “To address fleet electrification with a
robust funnel of OEM and tier-one opportunities, Chinmaya will
add significant bench strength to our global automotive team,” said
Patrick Wadden, Global Vice President of the automotive business
unit. Chinmaya earned a Bachelor of Technology in Materials Sci-
ence and Engineering (Semiconductor Physics) at the College of
Engineering, Pune India and a Masters of Science degree at Cornell
University.

www.vicorpower.com

Asia-Pacific Power Supply Product and Technology Exhibition

With gathering the foremost power supply
brands in China, Asia-Pacific Power Supply
Product and Technology Exhibition, Au-
gust 10 - 12, 2022 in Guangdong, China, is
a strategic platform not only for domestic
and international manufacturers to display
their advanced power supply products
as well as technology but also for profes-
sional distributors to import quality prod-
ucts. Having been held for a consecutive 11
years, the event is highly recommended by insiders, professional
institutions and media at home and abroad and helps overseas
power supply companies to find their first pot of gold in China! The

Ministry of Industry and Information Technology of China predicts
that the country’s power supply market will grow from 232.1 billion
yuan in 2017 to another all-time high of 257.6 billion yuan by 2022.
China is also home to 5000+ power supply manufacturers, mainly
spreading across the Pearl River Delta, the Yangtze River Delta and
the region near Beijing. Co-organized by the Power Supply Com-
mittee of Guangdong Lighting Association, Shenzhen Electronic
Chamber of Commerce, and Shenzhen Association for the Develop-
ment Promotion of Semiconductor Lighting Industry, Power Supply
Exhibition is one of the leading trade shows for power supplies in
China. The 2022 show is expected to gather 500+ exhibitors on a
40,000 sg.m show floor.

www.bspexpo.com

One Sample Order = One Tree Planted

In 2022, one tree will be planted for every sample order placed in
the United States, Canada, and Latin America. To make this pos-
sible, Wirth Elektronik is partnering with One Tree Planted, a non-
profit organization focused on supporting reforestation through-
out the world. One Tree Planted also helps educate people on the
many benefits of trees, including that they provide clean air and
water, habitats for wildlife, and a positive social impact. To let cus-
tomers know about the initiative, sample orders will be packed with
recyclable paper tape and stickers featuring “One Sample Order =
One Tree Planted” and a QR code linked to more information. As a
way to further include employees, customers, and partners in the
initiative, a fundraiser page has also been created where anyone is
able to donate directly to One Tree Planted. This is a way for any-
one to feel inspired to contribute to the cause. It will also serve as

a benchmark to see how how many trees have been donated; both
from the sample orders and individual donations. This partnership
is another way in which Wirth Elektronik is taking steps to improve
sustainability and care for the environment.

www.we-online.com
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Sam Maddalena CEO of TDK-Micronas

TDK Corporation announces that effective
March 01, 2022, Sam Maddalena (45) has
been named Chief Executive Officer (CEO)
of TDK-Micronas GmbH. “We are very hap-
py to appoint Sam Maddalena as the new
CEO of TDK-Micronas. He joined the man-
agement team in 2021 and showed great
ambitions and commitment to grow the
business of TDK-Micronas. His experience
within the industry and his management
skills will be a strong support for TDK-
Micronas and the Magnetic Sensor and embedded motor control
business of TDK to achieve further growth in our target markets”,
says Noboru Saito, CEO of TDK's sensor business company. Mr
Maddalena has gained more than 20 years of experience within
the Automotive semiconductor industry. He started his profes-

sional career at Melexis, after graduation as an MS EE (Master of
Science in Electrical Engineering) at the University of Gent, Belgium.
He held a number of technical, business and executive roles at
Melexis. From 2016 to 2019 he was the Vice President Corporate
Strategy and Global Marketing. During 2020 he supported various
projects as a consultant for XenomatiX and IMEC. In 2021 he joined
TDK-Micronas, where he held the position as Chief Strategy Officer
(CSO). “I am looking forward to my future tasks as CEO of TDK-Mi-
cronas GmbH and | am sure to contribute to the future growth of
TDK's sensor and motor control business and expand our market
position in the Automotive industry and other target markets. We
can offer a strong product portfolio that we will optimize further
in order to offer the best solutions for our customers”, says Sam
Maddalena.

www.micronas.tdk.com

300-Millimeter Wafer Fabrication Facility

Toshiba Electronic Devices & Storage Corporation (“Toshiba”) an-
nounced that it will construct a 300-milimeter wafer fabrication fa-
cility for power semiconductors at its main discrete semiconductor
production base, Kaga Toshiba Electronics Corporation, in Ishikawa
Prefecture. Construction will take place in two phases, allowing the
pace of investment to be optimized against market trends, with the
production start of Phase 1 scheduled for within fiscal 2024. When
Phase 1 reaches full capacity, Toshiba’s power semiconductor pro-
duction capacity will be 2.5 times that of fiscal 2021.

Power devices are essential components for managing and reduc-
ing power consumption in every kind of electronic equipment,
and for achieving a carbon neutral society. Current demand is
expanding on vehicle electrification and the automation of indus-
trial equipment, with very strong demand for low-voltage MOSFETs
(metal oxide semiconductor field effect transistors) and IGBTSs (in-
sulated-gate bipolar transistors) and other devices. To date, Toshi-
ba has met this demand growth by increasing production capacity
on 200-milimeter lines, and expediting the start of production on
300-milimeter production lines from the first half of fiscal 2023 to
the second half of fiscal 2022. Decisions on the new fab's overall
capacity and equipment investment, the start of production, pro-
duction capacity and production plan will reflect market trends.

The fab will have a quake absorbing structure; enhanced BCP sys-
tems, including dual power supply lines; and the latest energy sav-
ing manufacturing equipment to reduce environmental burdens. It
will also aim to achieve the “RE100"” goal of 100% reliance on renew-
able energy. Product quality and production efficiency will be im-
proved by introducing artificial intelligence and automated wafer
transportation systems.

https://toshiba.semicon-storage.com

European Distributor of the Year 2021 Award

Avnet Abacus announced that it has received the “European Dis-
tributor of the Year 2021” award from Harwin. Michael Clarner,
Head of Distribution Sales EMEA at Harwin, said: “Our partnership
with Avnet Abacus is exceptionally strong across Europe at all levels
of our business. During 2021, revenue grew beyond the market av-

erage, and the number and value of new design-wins pave the way
for a bright future.” This latest award follows on from Avnet Abacus’
recent success in Harwin's 5 Star Awards, which recognised two in-
dividuals from Avnet Abacus for their highly creditable efforts in
supporting Harwin's business. Jose Ramon Blazquez played a key
role in securing Harwin design wins in a variety of markets, and
Dieter Kuhn contributed invaluable technical support to a series of
high-profile customer projects. Hagen Goétze, Senior Director Mar-
keting at Avnet Abacus, said: “By having a strong focus on customer
service, excellent technical support and a great collaboration with
Harwin we were able to once again strengthen our position as the
number 1 distributor in Harwin’s network in EMEA during 2021.
|”d like to thank the entire Harwin team for the great support.”

Avnet Abacus distributes a broad portfolio of Harwin high reliability
interconnect products for use in industries including industrial loT
and aerospace & defence, and for EMC shielding.

www.avhet.com
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All-SiC Trench gate MOSFET - 2" Generation

MAIN FEATURES

) Significantly lower loss operation and
higher power density

» New internal design accomplishes
very low inductance package

» Enables much higher switching
frequency compared to Si-IGBT

» Fully compatible package to
conventional Si-IGBT module

www.fujielectric-europe.com
www.americas.fujielectric.com/semiconductors

Comparison of All-SiC 300A/1700V with Si-IGBT
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International Conference on Integrated
Power Electronics Systems

CIPS 2022 will be held in Berlin, Germany
and Online from March 15th to 17th. Basic
technologies for integrated power elec-
tronic systems as well as upcoming new
important applications will be presented in
interdisciplinary invited papers. In the next
decades, power electronic system develop-
ment will be driven by energy saving sys-
tems, intelligent energy management, pow-
er quality, system miniaturization and high
reliability. Monolithic and hybrid system in-
tegration will include advanced device con-
cepts including wide bandgap devices, new
packaging technologies and the overall in-
tegration of actuators/drives (mechatronic
integration). In 2022 the successful story of

CIPS will continue as the conference focus
is today more important than ever - in-
creasing functionality, energy efficiency and
system reliability while decreasing cost.

www.cips.eu

EPE'22 and Future ECCE Europe Conferences:

New Submission Policy

The EPE executive council has decided to
change the submission policy. Authors,
from now on, are invited to submit a pro-
visional 6-8 page full paper to the review
committee. The new deadline is, as of now,
the 31st of March. This will be valid for 2022,
but also for future years. You are, of course,
MOST WELCOME to upload NEW WORK
in the form of a nearly-ready 6-8 page full
paper before the 31st of March 2022. If
you already have uploaded a synopsis for
EPE22 ECCE Europe, then it currently is in
the reviewing/evaluation process, and you
will be notified about the result on the 2nd
of March 2022.

www.epe2022.com

PLECS Conference 2022 Postponed

The first PLECS Conference is entitled “Re-
al-Time Simulation of Power Electronics”.
The event brings together engineers from
industry and academia who are eager to
learn about current applications in this
field. In addition to the technical aspects,
the conference offers a good opportunity to
connect with other engineers. As this is an
on-site only event, there will be no virtual
replacement. The conference was originally
scheduled for March 8 & 9 but had to be
postponed to September 20 & 21 due to the
extended Covid measures in Switzerland.

www.plexim.com


http://www.epe2022.com
http://www.cips.eu
http://www.plexim.com

Japanese Precision since 1935

Perfect for SiC & GaN Applications

=3 PW8001 POWER ANALYZER

« Automatic Phase Shift Correction (APSC)

= Unrivalled accuracy at high currents and high frequencies
= 15 MHz sampling rate

= 1500 VDC CAT Il voltage inputs

hioki@hioki.eu [

www.hioki.com/europe [



https://www.hioki.com/euro-en
mailto:hioki@hioki.eu
https://www.hioki.com/euro-en/products/power-meters/power-analyzer/id_412384

14 News

March 2022

bodospower.com

Bodo’s Power Systems®

Baoxing Chen Named IEEE Fellow

Analog Devices' Technology Fellow Dr. Ba-
oxing Chen has been named a 2022 IEEE
Fellow for his contributions to integrated
signal-power isolation and integrated mag-
netics. IEEE Fellow is the highest grade of
IEEE membership and is recognized by the
technical community as a prestigious hon-
or and an important career achievement.
The total number selected in any one year
cannot exceed one-tenth of one- percent of
the total voting membership. “l am incred-
ibly humbled and honored to be named an IEEE Fellow,” said Dr.
Chen. “This is a testament to Analog Devices' leadership in digital
isolation technology, which is only made possible through decades
of dedication from our isolation team. | am extremely fortunate to
work in such a collaborative environment where innovation is nur-

tured and valued.” Dr. Chen, who joined Analog Devices in 1997,
was named an ADI Fellow in 2010. As the chief technologist for the
Isolation Group, he pioneered iCoupler® and isoPower® digital
isolation technology from inception through today's innovations,
enabling over 4.4 billion isolation channels shipped. He also heads
chip scale thermoelectric harvester developments at ADI. Dr. Chen
has published more than 40 papers and holds 52 US patents.
Additionally, he is an adjunct professor in Northeastern University's
Electrical and Computer Engineering Department and also serves
as associate editor for IEEE Transactions on Power Electronics. Dr.
Chen holds a Ph.D. in Physics and a M.S. in Electrical Engineering
from the University of Michigan as well as a B.S. in Physics from
Nanjing University in China.

www.analog.com

APEC 2022 Taking Steps to Assure Safe and Healthy

Conference Environment

For the first time since 2019, APEC 2022, being held in March, will
once again be a face-to-face conference and exhibition. To assure
a safe and healthy environment for all APEC participants at the in-
person event, the conference organizers are taking special precau-
tions by requiring proof of full vaccination or a negative COVID-19
test (obtained within 72 hours of attendance) as a condition of
entrance. To facilitate this screening, APEC has partnered CLEAR
Health Pass, enabling attendees to show their vaccination using a
free mobile app. According to local current guidelines, face masks
while indoors also will be encouraged at the event. Attendees can
use the QR Code (shown here) to download the CLEAR app.

“Although conditions are improving,” said Omer Onar, APEC 2022
General Chairman, “the APEC 2022 Conference Committee recog-
nizes the unique and changing impact the pandemic has had on
our practices, families and plans over the last two years. Since the

health and safety of APEC attendees is of utmost importance to
us, we are providing a CLEAR Health Pass app free to all attend-
ees. Additionally, we are working closely with the George R. Brown
Convention Center, as well as federal, state and local public health
officials, to incorporate best practices to ensure the highest level of
protection at APEC 2022."” Health Pass by CLEAR provides secure,
digital proof of COVID-related health insights via the CLEAR mobile
app. Attendees are encouraged to download the CLEAR app and
complete the process at least 24 hours prior to arrival at the event.

E - E The QR Code and further details can be found
= q at http://apec-conf.org/exposition/health-and-
safety.

[=]a

www.apec-conf.org

Reflecting on Past Achievements and Embarking

on Future Opportunities

Nexperia celebrates five years since entering the semiconductor
industry as an independent entity. During this time, the Nexperia
brand, while still relatively young, has become firmly established in
the marketplace by building on the foundations of a strong track re-
cord in semiconductor manufacturing over several decades. Right
from the start back in 2017, Nexperia combined passion with pro-

fessionalism and set about growing with its customers by provid-
ing them with the innovative products that they need. It now cel-
ebrates five years of forward thinking, growth, and market-leading
products. During this time Nexperia has also developed industry-
leading capacity that consistently meets the highest automotive
standards, while also providing the widest range of discrete com-
ponents, power, and Logic ICs.

While justifiably proud of its past achievements, Nexperia is a fu-
ture focused company with renewed ambition and commitment to
further innovation and progress, both for itself and its customers.
With a world-class team that includes a visionary CEO and forward-
thinking leaders, Nexperia is aggressively targeting an increased
market share by seizing on new opportunities as they emerge. “We
will have record investments into our facilities, people and into in-
novative products in 12 inch. This will enable Nexperia to transition
into a world leader in essential semiconductors with a revenue of
more than USD $10bn by 2030", says Xuezheng Zhang, CEO of Nex-
peria. “We will achieve this by becoming the number one supplier
in the market segments that we serve.”

WWW.nexperia.com
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Can one inverter cover all your single-phase solar system needs?

Trying to choose an easy-to-use solution for your next single-phase PV and ESS systems?
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ESS applications. Engineered for applications from 3 kW up to 10 kW, these modules are
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Common footprint lowers development costs
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UK Startup Dares to
Innovate GaN Differently

I had the chance to interview Co-Founder and CEO Giorgia Longobardi and spoke to her
about Cambridge GaN Devices' work in Gallium Nitride technology.

By Bodo Arlt, Publishing Editor, Bodo’s Power Systems

Bodo: Please tell us a little bit about Cam-
bridge GaN Devices and how the company
was founded!

Giorgia: Cambridge GaN Devices, or CGD,
is a fabless semiconductor company cre-
ated in 2016 to exploit the power of Gal-
lium Nitride-based technology by deliver-
ing greener electronics. The company was
spun-out of the engineering department at
Cambridge University by myself and Profes-
sor Florin Udrea, which came about after 10
years of research into GaN. | was the first
person in the department researching GaN
alongside Florin in his group. At the time,
he had more than 30 years of experience
in power devices, not only in research, but
also collaborating with some of the major
semiconductor companies. Together we
had a clear understanding of the technol-
ogy and the challenges involved, such as
reliability issues, and we had some ideas
that could help solve this and more. Addi-
tionally, with the strong ecosystem in Cam-
bridge, we decided that we had to start the
company because of the impact GaN and
its efficient technology could have on sav-
ing energy and improving power electron-
ics going forward.

Bodo: What are some of CGD's biggest ac-
complishments since the company was
founded?

Giorgia: Our goal was to explore and de-
velop a number of unique opportunities in
power electronics, and our team was able
to accomplish that via our proprietary ap-
plication of GaN to the silicon-based semi-
conductor transistor manufacturing pro-
cess. Over the last few years, our engineers
have developed GaN transistors that are
over 100 times faster, lose 5 to 10 times less
power, and are 4-times smaller than exist-
ing silicon equivalents. I'm so proud of the
highly driven, committed, and knowledge-
able team that we've built on our journey
from a few sketches of ideas on pieces of
paper to actively working to deliver the
highest quality and highest performance
semiconductor devices and integrated cir-
cuits for a new generation of power sys-
tems.

I'm also proud of the number of projects
CGD has been involved in, including GaN
Next, a €10.3m Europe-wide initiative devel-

Giorgia Longobardi

oped through a consortium of 13 partners
and led by our company. When we won the
project, we had more partners than em-
ployees in the company, and that goes to
show how ambitious we have been from
the very beginning. We've quickly grown in
numbers, and in terms of our IP portfolio
we have now made 36 patent applications,
including our proprietary ICeGaN™ technol-
ogy.

Bodo: Can you tell us more about your ICe-
GaN™ technology and how it works?

Team Cambridge GaN Devices

Giorgia: Our patented ICeGaN™ (Integrated
Circuit Enhancement Mode GaN) technol-
ogy, which is integral to our first product
release due in the first half of 2022, is an
integrated solution based on GaN with an
intelligent and self-protecting mechanism
that enhances the functionality of logic
gates within a transistor. This merit is note-
worthy on its own, for the reliability and
scalability the technology offers, effectively
enhancing the power efficiency of the de-
vices.

ICeGaN™ allows us to drive CGD's GaN
transistors with available gate drivers, nor-
mally utilised for Silicon transistors, while
GaN-specific gate drivers and RC networks
are needed to drive other GaN transistors.
Moreover, CGD embeds into its GaN tran-
sistors dedicated ICs which deliver addition-
al essential functions for the power supply
such as overcurrent protection, tempera-
ture sensing and over temperature protec-
tion. This is why we refer to an ICeGaN™
powered product as a GaN power IC rather
than simply a GaN transistor.

Bodo: What makes CGD different from oth-
er semiconductor companies?

Giorgia: One of the key factors that differ-
entiates us from others is how we've iden-
tified what is called the ‘third way' in GaN
power devices and has been made possible
by doubling down on our ICeGaN™ tech-
nology. Our company has been able to in-
tegrate the smartness needed for the tran-
sistor and make it easy to use, while giving
any customer the flexibility to use any gate
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driver. Basically, ICeGaN™ technology merges the positive of Cas-
code configuration (ease-of-use) with the beauty of eMode HEMTs
(single chip, normOFF), as well as a number of integrated smart
sense and protection features. This is quite unique as it provides
a reliable transistor, but it is also scalable in power and in voltage.
ICeGaN™ technology is deployed into a portfolio which will grow
to cover Consumer and Industrial applications, from 30W mobile
chargers all the way to multi-kW servers, telecom rectifiers and PV
inverters, with an eye towards Automotive applications at the right
point in time. We're the only company that has such flexible tech-
nology right now.

We're also different thanks to the innovative approach to every-
thing that we do and having a constant eye on the future. Our
expertise in GaN is strong thanks to our deep knowledge of the
material, the device physics, as well as the system and market re-
quirements which puts us in the unique position of being flexible
and able to move quickly once we have shared with the market and
our customers. We're extremely committed to not only delivering
a green product, but to be a company that has embedded sustain-

APEC we'll be announcing the launch of our first product for the
market. We also have a number of client engagements in the pipe-
line, including partnerships with major companies that are soon to
be finalised. We are also in ongoing discussions with various cus-
tomers, including some that have expressed interest in our tech-
nology with some initial design-in work taking place, from which
there will be soon-to-be-announced business wins.

CGD will continue to invest heavily in R&D across the various mar-
kets we've targeted as we aim to become the market leader in GaN
power integrated circuits and wish to demonstrate to all that effi-
cient power electronics is a key piece of the puzzle for the world to
reach its net zero targets. We also plan to significantly expand our
team over the next few years as we continue to innovate and push
forward on R&D activities via strategic partnerships that will take
the company to the next level.

Bodo: Thank you very much, | will keep my eyes open for more to
come from CGD!

www.camgandevices.com

ability in its own culture with the entire team
committed to the journey ahead.

Bodo: Which applications/markets do you in-
tend to make your products available for?

Giorgia: We're in the process of developing a
range of energy-efficient GaN-based power
devices using ICeGaN™ technology and are
looking to deploy it in several key market seg-
ments such as consumer electronics, lighting,
data centres, telecoms, solar and automo-
tive electric and hybrid electric vehicles. Our
company recently commenced an Innovate
UK (the UK government's innovation agency)
project with the goal of developing a prod-
uct for the automotive market as this is a
key market to meet our business objectives.
We've also just launched ICeData, a project
aiming to develop and commercialise a highly
efficient GaN-based IC for use in data centre
server power supplies. The primary goal of
this project will be to deliver state-of-the-art
GaN power IC technology to boost the effi-
ciency of data centre server power supplies to
more than 97 percent, which will contribute
to the saving of more than 8 megatons of CO2
emissions annually in 2030.

Our GaN-based transistors can provide other
power saving benefits, such as decreasing the
amount of power needed for typically pow-
er-hungry data centres, or when it comes to
consumer electronics opening up the poten-
tial for smaller, energy-efficient components,
changing the game in a positive way for the
world at large. As sustainability is a core tenet
of our business, the idea here is to bring our
innovative solution with the aim of continu-
ously lowering power losses in the electronic
power industry to benefit a wide community
of customers and end users.

Bodo: What can we expect from CGD in 2022
and beyond?

Giorgia: 2022 is set to be a big year for the
company. We've already unveiled a rebrand
of the company to better communicate our
approach in changing GaN technology. We
also launched the ICeData project, and at
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Win a RN2903 LoRa technology Mote

Win a RN2903 LoRa® technology Mote (DM164139) from
Bodo’s Power and if you don’t win, receive a 15% off voucher,
plus free shipping for one of these boards.

The RN2903 LoRa Mote is a LoRaWAN™ Class A end-device based on
the RN2903 LoRa modem. The RN2903 is a fully-certified 915 MHz
module based on wireless LoRa technology. The RN2903 utilizes
a unique spread spectrum modulation within the Sub-GHz band
to enable long range, low power, and high network capacity. As a
standalone battery-powered node, the Mote provides a convenient
platform to quickly demonstrate the long-range capabilities of the
modem, as well as to verify inter-operability when connecting to
LoRaWAN v1.0 compliant gateways and infrastructure.

The Mote includes light and temperature sensors to generate data,
which are transmitted either on a fixed schedule or initiated by
a button-press. An LCD display provides feedback on connection
status, sensor values and downlink data or acknowledgements.

A standard USB interface is provided for connection to a host
computer, providing a bridge to the UART interface of the RN2903
modem. As with all Microchip RN family of products, this enables
rapid setup and control of the on-board LoRaWAN protocol stack
using the high level ASCIl command set.

For your chance to win a RN2903 LoRa technology Mote or receive
a 15% off voucher, including free shipping, visit
https://page.microchip.com/Bodo-RN2903.html
and enter your details in the online entry form.
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Lowest On-resistance SiC FETs
Offer Rugged Short-Circuit
Performance

The largest growth area for silicon carbide FETs is expected in the electric vehicle traction inverter,
offering extended range, lower battery costs and higher power density. UnitedSiC (now Qorvo) has
recently released low on-resistance SiC FETs, 750V/6mOhm in a standard TO247-4L package.

By Pete Losee, Anup Bhalla, Xueging Li, Jonathan Dodge, Vineeth Krishna, Ke Zhu,
Qorvo, Princeton, NJ, USA

The FETs are compelling for inverters designed with 400V-500V bus
voltage, offering superior conduction losses and switching losses
compared to their Si IGBT or WBG alternatives. In addition to low
losses, it is also essential for power switches in motor drive invert-
ers to offer short-circuit protection to allow detection and safe shut
down to avoid catastrophic system failure. These 6mOhm/750V SiC
FETs offer a useable short-circuit widthstand time of 5 microsec-
onds. In this article, we discuss the importance of this feature and
why these 4th generation SiC FETs are uniquely positioned to meet
this demand without compromising on Rpggp)-

Introduction

Silicon carbide FETs have established themselves in many applica-
tions including on and off-board charging of EVs, datacenter power
supplies, solar inverters etc. The largest growth area for silicon car-
bide FETs is expected in the EV traction inverter, offering extended
range, lower battery costs and higher power density [1,2]. Already
introduced in 400V battery system, SiC FETs have perhaps an even
more compelling case with higher bus voltages (500V or 800V)
[1,2]. The drivetrain inverters in these systems are conventionally
3-phase, 2-level voltage source inverters operating at frequencies
below 20kHz. In this application, it is paramount for the switch
to offer low conduction and switching losses across the full load
range. SiC FETs are a great candidate with their absence of knee
voltage (improved light load efficiency), and low conduction and
switching losses. However, one area where silicon carbide switch
options have not met the application need until now is short-circuit
ruggedness. In this article we will discuss why UnitedSiC/Qorvo’s
4th generation cascode SiC FET is an ideal candidate to minimize
on-resistance while maintaining a useful (up to 5 microsecond)
short-circuit widthstand time for designers.

Short-circuit ruggedness is an especially important feature for
power semiconductor switches in motor drive inverters to possess,
requiring some fault ride-through protection allowing for the sys-
tem to detect and safely shut down avoiding catastrophic system
failure. Figure 1 depicts the various short-circuit faults that com-
monly occur in a motor drive inverter system. The system can ex-
perience a direct short of the DC-bus when there is a shoot-through
condition of one of the inverter phase legs. This can happen if one
of the phase leg switches fails short while the other switch’s gate
drive remains functional. Alternatively, a shoot-through condition
can occur if an erroneous signal from the gate driver is applied to
one of the phase leg FETs. A short-circuit across phase legs (phase-
to-phase) can occur when insulation in the windings of the motor
fails. Finally, a phase-to-ground failure can occur if there is a failure
in the motor winding insulation such that a short is created to the
motor casing. In each of these failure modes, the power semicon-
ductor switch must endure a direct short-circuit of the entire DC
bus voltage or share bus voltage in short-circuit with the comple-
mentary switch in the phase leg. Under these harsh conditions, it

is the power semiconductors which catastrophically fail first (within
microseconds), rendering the entire system inoperable.

Figure 1: Schematic of traction inverter showing location of commonly
encountered short-circuit faults, Phase leg shoot-through, Phase to
Phase short, or Phase to Ground failure

Multiple methods of detecting a short-circuit have been proposed,
but most fall into either current measurements or de-saturation
(deSat) detection of the switch Drain-to-Source voltage (or collec-
tor-emitter voltage of IGBTS). Figure 2 depicts a standard deSat ap-
proach on the low-side switch of a phase leg. A fast, high-voltage
deSat diode is used to allow monitoring only during the switches
on-time. In the event that the voltage across the switch is higher
than expected while the switch is gated on, a threshold level is
tripped (typically 7-9V) indicating an overcurrent or short-circuit
event. The state of the deSat signal is used to shut down the gate
driver output and the switch is turned off before catastrophic fail-
ure. However, care must be taken to prevent false tripping of the
deSat signal. A blanking time is used to censor the time between
the start of turn-on and the switch reaching its nominal Drain-to
-Source voltage during conduction. Additionally, avoiding spurious
deSat trips often includes filtering (RC etc.) of the input to avoid
noise induced trips, which can further increase the practical mini-
mum detection time. Thus, a trade off exists between noise immu-

Figure 2: Schematic of commonly employed desaturation detection
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nity and short-circuit detection and shutdown time. Designers can
find these constraints challenging to implement in systems without
several microseconds of assumed ride-through capability. To date,
wide bandgap devices, with their low on-resistance and smaller die
sizes, have underperformed their traction IGBT counterparts which
have historically offered more than 10 microseconds of short-cir-
cuit ride-through capability. However, as Si IGBTs have continually
lowered Vg o, and switching losses, along with improved gate driv-
ers, short-circuit ride-through ratings have decreased to below 10
microseconds [3].

There are several characteristics associated with a power semicon-
ductor switch that impact its ability to handle short-circuit faults.
To understand these characteristics, we can first look at the typical
failure mechanisms that occur when FETs are subjected to short-
circuit conditions as represented in Figure 3. In the figure, a typical
I-V characteristic of a Type-1 short-circuit is represented with the
bus voltage being applied across the device. There is a small dip/
overshoot in the otherwise constant voltage associated with the
drop across the power loop stray inductance under the high di/dt
portion. In the figure, the device’s short-circuit current (black curve)
increases rapidly as the FET's impedance is low in the on-state. Dur-
ing this phase, the device's junction temperature is heating rapidly
as the high instantaneous power is contained in the FET's active
layer. As the junction temperature and current rises, eventually the
FET reaches its current saturation regime limiting the peak short-
circuit current (Isc-peak). The large instantaneous power dissipa-
tion continues to heat the FET and the short-circuit current begins
to decrease from the self-heating and the resultant decrease in
saturation current.

Figure 3: Typical short-circuit I-V waveforms (top) and resulting
temperature rise (bottom) exhibited by a power FET under short-circuit

If the device'’s junction temperature reaches a thermally unstable
level prior to the gate driver shutting off the channel of the FET, a
runaway event can occur as illustrated by bubble1 in Figure 3. In
the case of conventional SiC MOSFETSs, failure prior to shut down
can also occur if the gate oxide ruptures in the presence of high
electric field and high junction temperatures [4,5]. The failure mode
2 depicted in the figure represents thermal runaway after the FET
is turned off. In this mode, the device's leakage current at high tem-
perature (can be more than 600°C) can lead to thermal runaway or
latch the device's internal parasitic transistor causing catastrophic
failure to occur. Finally, in the case of mode 3, the device can safely

shut down the short-circuit fault and the device's junction tempera-
ture slowly returns to its nominal running temperature. In state of
the art SiC FETs operating with practical bus voltages, the short-
circuit period on the microsecond scale can be thought of as an
adiabatic process. Silicon carbide’s 3-6x smaller die sizes and asso-
ciated reduced thermal capacity results in a larger temperature rise
for a given short-circuit energy than their Si counterparts.

SiC FETs Offer Breakthrough Performance

From the discussion around Figure 3, it is clear that the optimum
power switch is one that can reduce I peq Without compromise
of on-resistance, thereby keeping the short-circuit energy low, re-
ducing temperature rise and avoiding thermal runaway. The switch
should also avoid secondary failure modes such as gate-oxide rup-
ture and avoid any parasitic bipolar transistor latch up. While p-n
junction leakage at high temperature is unavoidable, the optimal
switch should also maintain a sufficiently high threshold voltage
versus temperature to diminish channel leakage components that
adds to thermal runaway.

These characteristics are all found in vertical SiC JFETs. SiC JFETs of-
fer the lowest specific on-resistance of any technology from 650V-
2kV+, while also offering good current saturation. The vertical JFET
device structure has no internal parasitic transistor in its primary
leakage path (Drain-to-Gate) in the off state. There is no gate oxide
in the device structure and the threshold voltage versus tempera-
ture is flat compared to Si or SiC MOSFETs. When configured with
a low voltage Si MOSFET, the normally-off cascode SiC FET offers a
superior trade-off between on-resistance and short-circuit rugged-
ness [6]. It can also be shown that during the short-circuit fault (up
to 10 microseconds), the heat is concentrated in the SiC JFET and

Figure 4: Electro-
thermal TCAD
simulation of a SiC
Stacked- Cascode FET
under short-circuit
(top) simulated
short-circuit current
and temperature
rise in bulk of SiC, at
top of SiC JFET power
metal and bottom of
Si MOSFET (bottom)
temperature profile
in bulk of JFET and
top of contact at 10
microseconds after
start of short-circuit
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the low voltage Si MOSFET in the stacked cascode FET does not see
significant temperature rise. Figure 4 illustrates an electrothermal
TCAD simulation of a SiC stacked cascode FET under short-circuit.
Up to 10 microseconds, the temperature rise (up to >700°C) is pri-
marily contained in the SiC JFET bulk and topside metallization.
Here, the Si MOSFET, which does not enter the current saturation
regime remains well below its maximum junction temperature.
Thus, it is the SiC JFET that determines the short-circuit capability
of a SiC cascode FET.

UnitedSiC (now Qorvo) has exploited these features with its 4th gen-
eration of SiC FETs. The new UJ4SC075006K4S product boasts the
industry’s lowest on-resistance of 6mOhm in a standard discrete
package. The device offers a voltage rating of 750V which allows
plenty of design headroom for 400V or 500V bus applications. The
superior on-resistance (less than half of the nearest competitor) is
offered with all the additional advantages that users have grown
accustomed to with UnitedSiC FETs such as the easy 0-12V or 0-15V
gate drive, excellent integral diode, and low switching losses afford-
ed by the lower device capacitances (Cyg).

For the first time with a SiC power switch, rugged short-circuit per-
formance is achieved without compromising cost or efficiency.
The 750V rated SiC JFETs boast a specific on-resistance less than
1/3rd of their 650V SiC MOSFET competitors. The UJ4SC075006K4S
750V/6mOhm SiC FET has also been designed with a useable
short-circuit withstand time of greater than 5 microseconds. Fig-
ure 5 shows the Type-1 short-circuit characteristics of a typical
UJ4SC075006K4S SiC FET with a bus voltage of 400V. The device
safely shuts off after a 10 microsecond short-circuit when the start-
ing junction temperature is 25°C and passes 8 microseconds even
when starting from the devices’ T; ,,,=175°C. The devices are de-
signed with current saturation (800A shown at T; =25°C, 600A

jistart™

at T sar=175°C, respectively) between 5-10x nominal, which is
sufficient to allow for overcurrent surge events but low enough to

achieve adequate short-circuit withstand time for safe shut down.

Figure 5: Short-circuit waveform of U/4SC075006K4S 750V/6mOhm
SiC FET, Vgs=15V, Vbus=400V, starting temperature = 25°C (grey) and
175°C (blue)

The UJ4SC075006K4S can be safely shut down with commercial gate
drivers offering deSat protection. In the Figure 6, we've illustrated
a phase leg short-circuit with UJ4SC075006K4S in both switch posi-
tions. The short-circuit detection and safe shut down with a com-
mercial (ADuM4136) gate driver from Analog Devices [7] occurs
when the V¢ of the low-side switch was above the deSat threshold
(9.2V) after the blanking time of 312ns. In the test, the short-circuit
current reaches a peak of 880A, respectively, before the device's
self-heating reduces the fault current to approximately 500A prior
to turn-off. The deSat protection safely shuts down the short-circuit
within 2.7 microseconds, well below the UJ4SC075006K4S short-cir-
cuit withstand time rating of 5 microseconds.

Figure 6: DeSat detection and shutdown example of U/4SC075006K4S
half-bridge w/ 400V dc-bus using commercial gate driver ADuM4136.
Short-circuit turned off after 2.7us with low-side switch deSat engaged.
Tested with Rg,ext=330hms, V;s=-5V/15V, Each FET has device snubber
RsCs = 4.70hm/680pF.

Conclusion

UnitedSiC (now Qorvo) has recently released the industry’s lowest
on-resistance 750V, 6mOhm SiC FET leveraging its 4th generation
technology with breakthrough performance. By virtue of the excel-
lent ruggedness afforded by its internal SiC JFET, this new FET of-
fers designers a useable 5 microseconds of short-circuit withstand
time, even at high temperature, without sacrificing on-resistance.
The new UJ4SC075006K4S allows designers to use deSat protection
found in standard drivers and is a great choice for 400V or 500V
bus applications.
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High Performance 1 kW per
Phase 48 V/12 V Converter Using
GaN ePower Stage

How integrated GaN technology drives superior performance, simpler design, and reduced cost in
48 V/12 V automotive mild hybrid applications.

By Yuanzhe Zhang, Director, Applications Engineering, Efficient Power Conversion Corporation

Introduction

Automotive 48 V/12 V converters are es-
sential in modern hybrid electric vehicles,
as the energy is exchanged between the
48 V and 12 V buses. This two-voltage sys-
tem accommodates legacy 12 V systems
and provides higher power for 48V to loads
such as vacuum and water pumps, electric
super chargers, steering, and audio sys-
tems. Among all the requirements for the
48 V/12 V converter, efficiency, power den-
sity, size and cost are on the top of the list.
This article addresses these design crite-
ria by employing the GaN ePower Stage,
EPC23101, and compares it with a previous
design using discrete EPC2206 devices.

GaN ePower Stage Chipset

GaN FETs used in 48 V applications are
rated between 80 V and 100 V, and usu-
ally have a 4 times better figure of merit
(Apie ‘Rpson) compared to equivalent MOS-
FETs [1]. For the same gate voltage of 5V,
GaN FETs have at least 5 times lower gate
charge than equivalent MOSFETs. Other
important advantages of GaN FETs include
lower Cygs, faster voltage transition, zero
reverse recovery Qgg and are physically
smaller.

Monolithic integration of GaN power FET
and gate drivers has already been estab-
lished [2], but with limited power ratings,
mainly due to die size. To accommodate ap-
plications with high power and also provide
more design flexibility, the new EPC23101
integrates only the upper GaN FET of a half
bridge with a complete half bridge gate
driver, as shown in Figure 1.

Figure 1: EPC23101 concept diagram.

The on-resistance of the integrated power
FET is 3.3 mQ, with a maximum voltage and
current rating of 100 V and 65 A respec-
tively. The gate driver can be supplied with
5V and the PWM inputs can accept 3V3 log-
ic levels. In addition, the EPC23101 includes
an enable pin allowing the gate driver to be
placed in low quiescent power mode when
disabled. It is available in an exposed-top
QFN package that measures 3.5 mm by
5.0 mm with solder bars that comply with
IPC-2221 creepage and clearance require-
ments for its rated voltage.

To form a half bridge, an external low side
GaN FET is required. The EPC2302 is the
good choice for this example application.
The EPC2302 is a 100 V rated 1.8 mQ de-
vice that is available in a similar QFN pack-
age as the EPC23101. This asymmetrical
half bridge yields an optimal balance be-
tween switching and conduction losses for
48 V/12V converter [3]. A photo of this chip-
set (EPC23101 and EPC2302) and a func-
tional block diagram is shown in Figure 2.

the 12 V bus. Furthermore, the design is
scalable, so two boards can be paralleled
for a 4 kW system.

Figure 3: Simplified schematic diagram.

The PCB layout of the power stage plays a
critical role. Parasitic inductance can affect
efficiency and voltage overshoot. A good
layout contributes to high reliability. This
design utilizes the internal vertical layout
technique [1] to minimize parasitic induc-
tance by placing the decoupling capacitors

Figure 2: Photo of EPC23101 and EPC2302 chipset with functional block diagram.

Converter Design

A 2-phase synchronous buck converter
topology was selected for the demonstra-
tion of the ePower stage technology. This
converter can also operate as a boost in
reverse. A simplified schematic diagram is
shown in Figure 3 that includes the power
stage and support functions such as cur-
rent sensors, temperature sensor, digital
controller and 5V and 3.3 V auxiliary pow-
er. Each phase is designed to carry up to 70
A current on the 12 V bus. This equates to
1 kW at 14.3 V. The total maximum output
power of this design is 2 kW, or 140 A into

close to the FETs with a solid ground plane
beneath. Symmetrical layout between the
two phases is also important for current
balancing and minimizing the effects from
mismatch, such as switching transition,
overshoot, etc.

Compared to the design using discrete
EPC2206 [4], the layout with GaN ePower
stage chipset is much simpler, as shown
in Figure 4. The majority of the gate driver
components on the bottom side of the PCB
is eliminated. This results in a reduction
of the occupied area from approximately
1.5 cm? to 0.9 cm?, or 40%.
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There is limited selection for off-the-shelf high-current automotive
grade inductors. This design uses the 1 pH inductor with 65A satu-

using integrated solution, this converter achieved higher peak ef-
ficiency, at 96.7%, and also higher full load power. At full load of

ration current rating from Vishay IHTH-1125KZ-5A series. 1 kW/phase, the efficiency is 95.8%. With the reduced occupied

area, this also leads to higher power density.

Conclusion

GaN FETs have demonstrated superior performance in automo-
tive 48 V/12 V applications over equivalent MOSFETs. With the inte-
grated ePower stage chipset of EPC23101 and EPC2302, designers
can further improve the converter performance, while reducing
size and cost through reduced component count. This design ex-
ample used the chipset in a 2-phase synchronous buck converter
and demonstrated significant performance gain compared to the
previous design using discrete EPC2206, achieving peak efficiency
of 96.7% and full load efficiency of 95.8% at 2 kW, when converting
48 V to 14.3 V and switching at 500 kHz.

Figure 4: Layout comparison of discrete GaN FET with gate driver and
integrated ePower stage chipset.

To ensure accurate phase-current balancing, current sensing us-
ing a precision shunt resistor is used, together with digital average
current mode control and an active current balancing algorithm.
Using a Microchip dSPIC microcontroller with high resolution PWM
(250 ps), the inner current loop bandwidth is set to 8 kHz, and the
voltage loop to 800 Hz.

Performance Evaluation

Figure 5 shows a photo of the converter (EPC9170). With the heat-
sink installed and 2000 LFM airflow, the converter was operated
at 48 V input, 14.3 V output and 500 kHz switching frequency. The
measured efficiency is shown in Figure 6, compared with the con-
verter built with discrete EPC2206 and external gate driver [4]. By

Figure 6: Measured efficiency of EPC9170 (integrated EPC23101 and
EPC2302) compared with discrete EPC2206.
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Achieving Fast Load-Transient
Response and Low EMI with the
AECM DC/DC Control Topology

No single control topology is a good [it for all applications. Designers requiring low
electromagnetic interference (EMI) and fast load-transient response should consider advanced
emulated current mode (AECM) - a new, constant-frequency and inductor-based control topology
with smart loop-bandwidth control.

By Vincent Zhang, Systems Applications Manager Buck Switching Regulators, Texas Instruments

What is AECM control?

There are many types of control topologies addressing specific
design challenges for non-isolated switching DC/DC converters
and controllers [1], including peak current-mode control (PCM),
voltage-mode control, constant on-time (COT) control, D-CAP2™
control topology and all of their derivatives. In accordance with the
implementation of duty cycle, it's possible to separate these control
topologies into two categories: the pulse-width modulation (PWM)
technique and the pulse-frequency modulation (PFM) technique.
The PWM technique is common in DC/DC converters used to power
communications, audio and automotive equipment. It has a fixed
and predictable switching frequency, which is convenient when de-
signing the output filter for low electromagnetic interference (EMI).

The PFM technique is common in DC/DC converters used to power
digital applications such as graphic engines, memory, digital sig-
nal processors and field-programmable gate arrays because of
its fast load-transient response. Control topologies do affect DC/
DC converter design and may vary based on system-level require-
ments such as ripple, solution size, load-transient response, fixed
frequency and light load efficiency. No single control topology is a
good fit for all applications.

In this white paper, | am introducing a constant frequency and in-
ductor current-based control topology with smart loop-bandwidth
control called advanced emulated current mode (AECM). This new
control topology combines the benefits of PFM and PWM tech-
niques, showing a fast load-transient response with a true fixed
switching frequency operation. AECM can help enhance the per-
formance of applications currently using both the PCM and PFM
techniques.

Figure 1: PCM control scheme block diagram.

PCM

PCM is a popular fixed-frequency control topology for DC/DC con-
verters given its overload protection, accuracy and ease of compen-
sation. Figure 1 illustrates PCM control of a buck converter.

The power stage consists of the power switches and output filter.
The compensation block includes the output voltage divider net-
work, error amplifier, reference voltage and compensation compo-
nents. The pulse-width modulator uses a comparator to compare
the inductor current information with the slope compensation
ramp to the error signal, creating an output pulse-train that has a
width controllable by the level of the error signal.

As shown in Figure 2, the internal clock initiates one pulse, and the
high-side field-effect transistor (FET) turns on, with current increas-
ing in the inductor. When the sensed current reaches the control
voltage, the high-side FET turns off and the low-side FET turns on
until the next rising edge of the clock. The next PWM pulse is gener-
ated at the next clock pulse. Thus, the switching frequency depend-
ing on the clock is truly fixed.

| S |

PN

Figure 2: PCM control scheme waveform.

PCM control introduces one inner current loop, which transforms
the inductor into a voltage-controlled current source. The power
stage can be approximated as a current source feeding the paral-
lel combination of the output capacitor and the load resistor, and
produces a single low-frequency pole. The power stage also con-
sists of a higher-frequency zero set by the output capacitor and its
equivalent series resistance (ESR). Type-ll compensation normally
introduces one zero and one pole to compensate the output pole
and output zero.

Engineers designing with traditional PCM control devices prefer ex-
ternal compensation to achieve good loop performance for wide
output-voltage-range applications. However, external compen-
sation complicates loop design and requires more external com-
ponents. To simplify the design, a growing number of integrated
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circuit (IC) manufacturers have developed internally compensated
PCM control devices that integrate Type-Il loop compensation with
Rc, Cc1 and Cc2. Rc and Cc1 generate a fixed internal zero to com-
pensate the output pole, while Rc and Cc2 produce a fixed inter-
nal high-frequency pole to compensate the output zero. Both the
effective output capacitance and load resistance have an impact
on the output pole, however. In order to support a wide output-
voltage range or wide output-capacitance range, you must set the
fixed internal zero relatively low to get good stability. What's more,
the cross-frequency (fc) of PCM control is designed to meet fsw/5 <
fc < fsw/10. Therefore, the error amplifier introduces some delay,
which limits the load-transient response.

PCM also has these drawbacks:

* The lower the output voltage, the lower the load resistance un-
der a certain output current. Getting the output pole close to the
fixed internal zero requires a large output capacitance, resulting
in a higher bill-of-materials cost.

+ Some PCM devices that clamp the control voltage to achieve high
efficiency at a light load may face multipulse issues, resulting in
a large output ripple.

D-CAP2 control scheme

The D-CAP2 control scheme is a variation of adaptive COT control
with an emulated ramp-generator circuit integrated inside the
IC. This control scheme is popular in buck converters because of
its simplicity and improved load-transient performance. Figure 3
shows the block diagram for D-CAP2 control of buck converters,
while Figure 4 shows the corresponding control waveforms.

The ramp generator (ripple injection generator) emulates the in-
ductor current information and brings this information back to the
comparator.

Figure 3: D-CAP2™ control scheme block diagram.
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Figure 4: D-CAP2 control scheme waveform.

When the emulated ramp voltage and feedback voltage are lower
than the reference voltage, the comparator output goes high to ini-
tiate an on-time pulse. The width of the on-time pulse (Ton) is con-
stant, since it is calculated by the adaptive on-time generator based
on the input voltage, output voltage, output current and frequency
setting. The off-time relies on the voltage ripple, which has some
variation during a line or load transient. As a result, the switching
frequency is pseudo-fixed. During the on-time, the high-side FET
turns on and the inductor current increases to charge the output
voltage. After the on-time, the high-side FET turns off and the low-
side FET turns on. The output voltage goes down until the genera-
tion of the next on-time pulse. Because D-CAP2 control topology
doesn't integrate an oscillator or clock, the on-time may be affected
by a propagation delay from logic to driver, resulting in poor jit-
ter performance. That is the main reason why it is not easy for IC
manufacturers to design high-switching-frequency buck convert-
ers (2.1 MHz) with D-CAP2 control topology. Additionally, there are
different offset voltages of the emulated ramp-generation circuit
under different load conditions, resulting in poor output-voltage
accuracy.

The D-CAP control topology requires some ripple on the output
where low ESR capacitors can become a problem. That's why engi-
neers need D-CAP2 control. There is some limitation to the internal
emulated ramp-generator circuit of the D-CAP2 buck converter as
well, so the traditional D-CAP2 buck converter can only support an
output up to 7 V. There is a minimum off-time requirement as well
because of the valley voltage detection; thus, D-CAP2 control is not
recommended for large duty-cycle applications.

Figure 5: Bode plot of a D-CAP2™ buck converter.

Reference [2] proposed an open-loop transfer function of the D-
CAP2 control topology. Figure 5 shows the corresponding Bode
plot. The emulated ramp-generation block introduces one internal
zero, which can eliminate the double pole set by the output induc-
tor and capacitor, thus making the gain plot crossing the horizontal
line 0 dB with a slope of -20 dB per decade, and boosting the phase
margin at the crossing frequency. Equation 1 expresses the DC gain
of the open-loop transfer as:

GO)=AxH(Q)=AxV (1)
where Acp = (R1 + R2)/R2.

Since Acp and Vref are constant, the DC gain is an inverse propor-
tional of VOUT. As shown in Figure 6, if VOUT1 > VOUTO > VOUT2,
then the DC gain trend is Gain1 < Gain0 < Gain2. For a certain de-
vice, the internal zero is fixed. Assuming that the double pole for
different outputs is the same, the bandwidth trend is fBW1 < fBWO
< fBW2. Therefore, for a D-CAP2 buck converter, a higher output
voltage would have a lower bandwidth.
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Additionally, because the duty cycle cannot change with COT con-
trol, the on-time generator will produce a delay factor in the loop,
causing a phase drop at high frequency. A larger duty cycle means
a longer on-time, resulting in a bigger phase drop.

Figure 6: Bode plot with different VOUT conditions of a D-CAP2™ buck
converter.

AECM control benefits

AECM is a new topology based on a fixed-frequency modulator
with emulated current information for the loop control, combining
the fixed frequency of PCM control and the fast load-transient re-
sponse of the D-CAP2 control topology. The key features and ben-
efits of AECM include:

True fixed-frequency modulation that can simplify EMI filter design
and make it easy to achieve high-frequency modulation such as 2.1
MHz.

An emulated ramp-generator circuit with smart loop-bandwidth
control that can adjust the DC gain smartly, supporting wide-output
and high-duty-cycle applications with good load-transient perfor-
mance.

It is possible to simplify AECM control for a buck converter, as
shown in in Figure 7. There are two basic operation modes, PWM
mode and PFM mode, selectable by the mode-detection block. The
integrator in the voltage loop can improve output-voltage accuracy
issues.

Figure 7: AECM control block diagram.

The integrated oscillator generates the fixed clock. Implementing
slope compensation in the modulator avoids subharmonic oscilla-
tion when the duty cycle is higher than 50% in PWM mode. The
emulated ramp generator with the smart loop-bandwidth control
circuit can adjust the DC gain to achieve high bandwidth over all
output rails. And even though there is an integrator, unlike PCM

control, the integrator in AECM control can improve output-voltage
accuracy with no direct impact on loop response speed.

How AECM control works

PWM operation mode

The PWM mode control scheme is similar to PCM control. As shown
in Figure 8 on the following page, the internal clock initials one on-
pulse; the high-side FET then turns on, with current increasing in
the inductor. When the emulated ramp voltage, feedback voltage
and slope compensation voltage reach the integrated reference
voltage, the high-side FET turns off and the low-side FET turns on
until the next clock cycle. Therefore, in PWM mode, the switching
frequency is truly fixed.

Figure 8: AECM control scheme waveform: PWM operation mode (a);
PFM operation mode (b).

Figure 9 shows the load-transient behavior of the AECM device. The
duty cycle increases or decreases with a decrease or increase of
VOUT.

PFM operation mode

AECM control implements PFM mode to achieve high efficiency
under light loads. With a load current decrease, the device enters
into discontinuous conduction mode (DCM) from continuous con-
duction mode (CCM). In both modes, the switching frequency is
fixed; the width of the on-pulse (Ton) depends on the load current.
Lighter loads have a shorter Ton. AECM has an on-time generator
like the D-CAP2 control topology, but that generator is disabled in
PWM mode.

Figure 9: Duty-cycle changes with the load current: load step-up (a);
load step-down (b).

With the load current further decreasing, the Ton decreases down
to the internal clamped on-time, while the AECM device steps into
PFM mode with the internal clock blocked and the on-time genera-
tor enabled. As shown in Figure 8, the control scheme of PFM mode
is similar to the D-CAP2 control scheme. Figure 10 on the following
page shows the transition waveform between PWM mode and PFM
mode.

Figure 10: Transition waveform between PWM mode and PFM mode of
AECM: PWM mode to PFM mode (a); PFM mode to PWM
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Smart loop-bandwidth control

Unlike PCM control, where direct inductor current information is in
the loop, AECM uses emulated inductor current information. The
output filter of AECM control introduces one double pole like the
D-CAP2 control topology. Thus, the Bode plot of AECM control is
similar to the D-CAP2 control topology.

In D-CAP2 control, the Acp is constant and the DC gain of the open-
loop transfer function changes with VOUT. While in AECM control,
the Acp adapts to the changing value of R2 per the VOUT setting to
keep the Acp x VOUT a constant value for a fixed DC gain. As shown
in Figure 11, assuming that the double poles for different outputs

Figure 11: Bode plot under different VOUT conditions of AECM.

Table 1: Comparing PCM and AECM buck converters

Table 2: Comparing D-CAP2™ buck converters and AECM buck converters

Figure 12: Measured Bode plot of 5-V and 1.05-V outputs.

are the same, the loop bandwidths under different outputs should
be much closer to each other when compared to the loop band-
widths of D-CAP2 control.

Figure 12 on the following page shows the measured Bode plot of
AECM control under different VOUT conditions. The DC gains are
almost the same. The crossing frequency and phase margin have
slight differences because of the output double-pole shift.

Table 1 compares a traditional PCM buck converter with an AECM
buck converter. Table 2 on the following page compares a D-CAP2
buck converter with an AECM buck converter.

Conclusion

Devices with the AECM control topology for DC/DC converters can
achieve a fast load-transient response with a true fixed frequency,
while maintaining a wide output voltage and low design cost. This
new control topology has been implemented in several products
with good performance, ease of use and small solution size.
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Pulsed Inductance Measurement
on Magnetic Components from
0.1A to 10kA

Pulse measurement with IGBT power stages using the Power Choke Tester DPG10/20 series was
presented in detail in the first and second parts of this series of articles on inductance measurement.
The third part shows how the measurement principle can also be used to measure the inductance
of 3-phase chokes with the help of a 3-Phase Extension Unit and what significant advantages it has
over conventional measurement with mains voltage and mains current.

By Hubert Kreis, Chief Executive Officer, ed-k, Germany

Introduction

3-phase chokes are used in many applications such as output filters
and input filters for frequency converters and commutation induc-
tors for line-commutated converters. Normally, they are made of
electrical steel sheets with three legs of the same cross-section.
They are specified by their inductance and rated current at 50 or 60
Hz. Due to the asymmetrical, flat structure, the inductance of the
two outer legs is usually lower than the inductance of the middle
leg.

Conventional measuring method

In the conventional measuring method, the choke is connected to
an adjustable 3-phase, sinusoidal, high-current, 50 or 60 Hz power
supply in order to determine the inductance. The current is then
adjusted to the rated RMS current for all three windings and the
RMS voltage is then measured on each winding. The secant induc-
tance (often called amplitude inductance) of each phase k can then
be calculated according to the common alternating current theory
with the following equation, neglecting the ohmic resistance:

_ Urms
"~ 2nf xIrms

Taking the ohmic resistance into account, this results in:

()’ - ve)

2nf

L=

In addition to the 3-phase high-performance power supply, the test
setup requires 3 RMS current meters and 3 RMS voltage meters.
Normally, only one measurement is performed at the rated cur-
rent. The difference between the middle leg and the two outer legs
(3 - 9%) is mostly neglected.

Pulse measurement principle on 3-phase chokes

If the measuring pulse of the Power Choke Tester DPG10/20 series
is only fed into one winding of a 3-phase choke, then completely dif-
ferent flux conditions are obtained in the core than with a 3-phase
sinusoidal feed. The measurement result would be useless.

However, if a few points are considered, the pulse measurement
method of the Power Choke Tester DPG10/20 series is also suitable
for measuring the inductance of 3-phase chokes.

+ The windings of the 3 legs must be interconnected in a suitable
way so that a flux distribution in the core results that corre-
sponds to that with the 3-phase sinusoidal current feed.

+ For the independent characterisation of all three legs, several
measurements must be carried out.

+ All legs must have the same core cross-section.

* The secant (= amplitude) inductance measurement Lg. (i) is to be
used, from which the corresponding inductance of the middle
and outer legs is to be calculated.

+ Inorder to be able to scale the current axis with the correspond-
ing RMS value, as is also specified in conventional measurement
with 50/60 Hz mains voltage, a corresponding correction is re-
quired.

* Frequency effects due to excitation with a rectangular pulse not
equal to 50 or 60 Hz must be corrected.

Figure 1: 3-Phase Extension Unit EXT1

In order to enable automatic and simple operation without manual
reconnection of the windings, ed-k has developed special addition-
al units for the Power Choke Tester DPG10/20 series: the 3-Phase
Extension Units. In conjunction with sophisticated software algo-
rithms, they provide a result that is equivalent to a conventional
measurement with 3-phase sinusoidal voltages and currents. A cor-
rection to a reference frequency of 50 Hz or 60 Hz can be made if
the pulse width has not corresponded to this frequency.

E=on — o — 6]
35 -

T T

3,0 1

25 1

Inductance [mH]

05 +

00 ——t—t—t—F+—t+—t—t+—t+—+—t+—t—t+—t—F+——t+—t—
0 10 20 30 40

1 [ARMS]

Figure 2: Inductance curves of a 3-phase inductor L1(lgys), L2(1gys) and
L3(Irmy)
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As opposed to conventional measurement, the measurement re- It is worth noting that only 4 measuring pulses are necessary for
sult not only provides the inductance at one measuring point, buta this.

complete inductance curve L1(Igps) L2(Igms) and L3(Igps) for each
individual winding of the 3-phase choke. Thus, the usually higher
inductance of the middle leg can be seen immediately.

Advantages of the pulse measurement principle
Compared to conventional measurement, the pulse measurement

principle has decisive advantages.
MSO0-X 30344, MY51450298: Mon Jan 31 225505 2022 X . . .
B/ 2 600% 5 600% 4 00s SO0 Stopp Conventional measurement only provides correct results in the lin-

ear range. Due to the extremely non-linear behaviour of the core
materials (saturation), the currents and/or the voltages are distort-
ed and no longer sinusoidal. This is especially true for iron-based
core materials, which have a much lower permeability at both
very small and large magnetic field strengths H than in the normal
working range. If sinusoidal currents are applied to the 3-phase
inductors, a non-sinusoidal voltage results on the test specimen.
Conversely, non-sinusoidal currents result if a sinusoidal voltage is
applied.
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In practice, neither sinusoidal currents nor sinusoidal voltages re-

Figure 3: Current waveforms in the linear range sult. The normally round sine peaks become pointed. In extreme
CH1-CH3: 20A/div cases, there may even be steep, needle-shaped pulses on the

peaks. The measured variables feature considerable harmonic
MSO0-¥ 30344, MY51450238: Mon Jan 31 22:55.27 2022
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The above equations come from the common alternating current
N\ theory and are valid only for linear conditions. They are therefore
( no longer permitted for the calculation of the inductance in the
\ / \ non-linear range (saturation)!

\
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Another problem of conventional measurement is the RMS value

//>\

\
/
/ / measurement of voltage and current. In RMS value measurement,
)( b % ( >\< % / by definition, the measured variable is evaluated quadratically and
\/ AV \ \/ \/ integrated over a period (same heating of an ohmic resistance as a
™ e e direct current with the same value). The RMS value measurement
of distorted measured variables containing harmonics therefore
Figure 4: Distorted current waveforms in the non-linear range provides a result that obviously has nothing to do with the physical
CH1-CH3: 20A/div relationships of magnetism.
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For these two reasons, therefore, conventional measurement sys-
tematically provides incorrect measurement results with non-linear
conditions. Due to the principle, however, the pulse measurement
method also provides correct measurement curves Lk(lzys) even
with non-linear conditions. Each inductance determined at over-
load currents is just as accurate as at the rated current!

Figure 5: Power Choke

Tester DPG10-3000B/E
with 3-Phase Extension
Unit EXT1 at work

Another significant advantage of the pulse measurement method
is that the measurement can be carried out more easily and very
much faster than the conventional measurement. With the help of
the 3-Phase Extension Unit, the measurement curves L(Igys) for all
3 legs are already available after about 5 secs.

Even in the case of measurements in the overload range with mea-
surement currents that are significantly larger than the rated cur-
rent, the measurement result is not influenced by thermal effects,
as the short measuring pulses do not cause any heating.

Safety

In order to characterise inductive power components under real
operating conditions, the Power Choke Tester DPG10 series must
operate with high voltages and currents. A very large pulse energy
must be available for large components.

In order to be able to guarantee maximum safety for the user and
compliance with all safety-relevant regulations and standards at all
times, the DPG10/20 series is based on a comprehensive, sophis-
ticated safety concept. It includes extensive safety and monitoring
circuits. All safety-relevant circuit parts such as charging circuit, dis-
charge circuit and monitoring circuits are subjected to a self-test af-
ter switching on the device. If the self-test fails, the device is placed
in an energy-free, safe state within <100 ms.

The device is similarly placed in an energy-free, safe state within
milliseconds if a monitoring circuit detects a fault. Particularly criti-
cal monitoring circuits are redundantly implemented. Of course,
the DPG10/20 series also meets the EN 61010 safety standard,
which also includes the safety requirements under fault conditions.
For inductance testing in series production, the DPG10/20 series
has a safety lock interface, to which a safety contact of a protec-
tive cover or a light curtain can be connected. If the safety contact
is interrupted, measuring pulses are immediately blocked and the
outputs are switched off within milliseconds.

Summary

The 3-phase test system based on the proven DPG10 technology
can not only rationalize inductance testing in series production.
Due to the complete inductance curves, it is also an efficient and
high-precision engineering tool that can be used for the develop-
ment and selection of optimised components for various applica-
tions. This is the case in particular when the inductance must be
taken into account for overload currents, as the conventional mea-
suring method with mains voltages and mains currents in the non-
linear range provides inherently incorrect results.
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New digitally programmable synchronous buck converter
brings ease and flexibility to USB Power Delivery

Featuring a synchronous topology for optimum efficiency, the STPDO1 is a digitally programmable
synchronous buck converter. It provides the voltages required by USB Power Delivery systems, as
stated in the USB PD 3.0 specifications, up to 60W output power (20V, 3A).

The device incorporates cable-drop compensation with an internal voltage-feedback resistor divider.
This ensures the load receives the correct voltage, unaffected by losses in copper tracks and the
attached output cable. The STPDO01 is available in a 3 x 4 mm QFN24L package.

KEY FEATURES: EVALUATION KIT:

e Input voltage range from 6.0 to 26.4V Boost the development of solutions based on the

e 2C bus controlled STPDO1 using the STEVAL-2STPDO01 dual-port adapter
eV, settings: 3 to 20V with 20mV (min) steps kit for USB Type-C™ Power Delivery.

e Slew Rate control (max 30mV/us)

e External resistance for cable-drop compensation The kit comes with the STSW-2STPDO01 software

* |y, settings: 0.1 to 3A with 100mA step package, which contains a sample application that

e Watchdog timer (set by I12C) runs on the STM32G07 microcontroller.
APPLICATIONS:

e AC adapters
e USB hubs, PC monitors,
smart TVs

For more information, visit us at: http://www.st.com/stpd01
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Modified Standard, Semi-Custom
and Full-Custom Designs

RECOM offers over 25,000 standard portfolio DC/DC and AC/DC products, but still at times,
a non-standard converter is needed. This article explores the difference between modified standard,
semi-custom and custom power converters.

By By Steve Roberts, Innovation Manager, RECOM

One of the reasons RECOM has the broadest power converter
portfolio in the industry is the sheer number of variations available
within our standard product range. If we take a classic 5W isolated
and regulated DC/DC converter in a DIP24 case, the RECS series
(for example), then the datasheet explains that it has five input
and nine output voltage range options, including single and dual
outputs. There are three different isolation voltage options from
2kV up to 6kV and three different pinning options to make it a pin-
compatible alternative to the competition, including a version with
a remote on-off pin. Additionally, the board mounting pins can be
through-hole or SMT. The case material can be plastic or metal. Fi-
nally, the series is available with either tube or tape-and-reel pack-
aging options. Overall, for this one DC/DC converter series, there
are well over two thousand permutations as standard!

Figure 1: Simplified shunt regulator circuit (in this circuit, Vset would
be Vref(1+(R1/R2)) + Voptodiode)

Modified standard power converter

It would seem that all possible customer requests would be cov-
ered with such a wide portfolio of catalog products, but still some-
times specific characteristics requested by customers are not in-
cluded in these options. An example would be different pin lengths
(shortened or over-long) or a 5.7V output voltage instead of the
usual 5V output voltage so that an OR-ing diode could be included
in the output circuit. Such requests are very easy to implement and
fall under the umbrella of ‘'modified standard’ products.

To understand why a modified output voltage is so simple, it helps
to look at the most common way of regulating the output voltage in
a DC/DC or AC/DC converter - an output shunt regulator based on
a precision programmable reference IC (Figure 1).

On each switching cycle, the output voltage rises until the shunt
regulator set voltage, Vset, is exceeded, upon which the optocou-
pler is energised and the cycle reset. Although very simple, this
circuit accurately regulates the output voltage for both load and
line voltage variations. The switching duty cycle and hence output
voltage is decided by combining the turns ratio of the transformer,
the Vref voltage (typically 1.22V) and the two programming resis-
tors R1 and R2. Modifying this converter to offer 5.7V instead of
5.0V would require fitting alternative R1 or R2 values to create a dif-
ferent programming divider ratio, a simple modification that could
be carried out at little to no extra cost. RECOM has its own SMD
assembly lines, so creating a batch of converters with a modified
output voltage would mean changing only the production SOP and
the laser-printed label.

We can also optimise the choice of component values to fit the spe-
cific requirements of the customer’s end application, rather than
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relying on a standard converter. If we take an unregulated DC/DC
converter as an example, then the output voltage depends on both
load and input voltage. Typically, we adjust the component values
so that the nominal output voltage is delivered with the nominal
input voltage and 80% load, as shown in the diagram of the output
voltage tolerance envelope (Figure 2).

Figure 2: Example of an unregulated converter voltage tolerance dia-
gram (R15X series)

This standard configuration fulfils the most common requirements
for the output voltage tolerance for unregulated DC/DC converters,
which typically operate at slightly less than full load. The compro-
mise is that the output voltage is lower at full load and higher at
low loads. Should a customer demand that the output voltage rise
to less than +7% under low load conditions, then we can modify
the design to keep the output voltage under, say, +5% by modify-
ing the component values so that the Vnom voltage is delivered at
70% load instead of 80%, effectively shifting the tolerance envelope
downwards. The disadvantage would be a lower output voltage at
full load but may not matter in this particular application.

However, the amount of output voltage modification that can be
achieved by optimising the component values to better match the
requirements of the end application is limited. The nominal out-
put voltage depends on the turns ratio of the transformer, so if the
required output voltage deviates too far away from the standard,
then a modified transformer with an adjusted turns ratio could
be required. This would entail not only a custom transformer part
number but also a re-certification of the safety standards. We will
now move away from a modified standard converter to describe a
‘semi-custom’ design.

Semi-custom power converter

The boundary between a semi-custom and a modified standard
power converter is not always obvious, so a useful definition is
whether safety re-certification is needed. Modifications that in-
fluence safety-critical components or separations - such as the
transformer construction, choice of optocoupler or Y-capacitor, or
creepage or clearance distances - will almost certainly require a
new certification process. However, the safety test reports typically
allow a +10% variation in the output voltage and current rating to
accommodate production tolerances, leaving some scope for flex-
ibility. The input voltage rating also has at least a +20% tolerance
and often more. If the required modification can respect these tol-
erance bands, then safety re-certification may not be required. The
same applies if the original safety test report lists ‘alternate con-
struction’ options for certain components or the potting materials.
We have customer applications where silicone potting material is
unacceptable, either because of the possibility of outgassing, which
could affect other parts or because silicone could emit smoke in a
fire, so although silicone is an excellent encapsulation material with
high thermal conductivity and good adhesion, we could offer these
customers epoxy potting as a modified standard.

It may seem surprising, but the label design and text are considered
part of the safety documentation and are very carefully controlled
by the certifying bodies. We regularly receive requests for a custom
label design with, for example, the customer’s own brand name
and part number instead of RECOM's standard label. Although
physically the two parts would be identical, we would need to apply
for a copy certificate with the new label, part number and customer
logo to manufacture this modified part with valid safety certifica-
tion. However, we have experience in handling such requests and
we strive to make the process as fast, simple and unbureacratic as
possible.

Once we enter the realm of semi-custom power converters, then
we can offer much more flexibility than simply tweaking the specifi-
cations, such as using alternative PCB layouts to change the shape
of the converter or matching the pinout to replace a competitor’'s
part that has been rendered obsolete. The changes do not need
to be physical; we have made semi-custom converters that use
higher-rated components to extend the operating temperature
range or harder epoxy to allow the converter to meet specific en-
vironmental conditions. All of these modifications are based on
standard designs, so although a semi-custom product meets indi-
vidual customer requirements for form, fit or function, it can still
be manufactured quickly and cheaply on our standard production
lines with a short time-to-market.

Semi-custom power converter examples

In 2010, a US competitor abruptly stopped manufacturing a series
of switching regulators, leaving their existing customer base ‘in the
lurch.” One customer approached us, asking if we could modify our
standard R-78 series to be pin-and-function compatible with these
end-of-life products, even though the format was completely dif-
ferent from our existing design. In only 12 weeks, we released the
R-78T series with three different open-frame SMD pinning options,
designed to be pin-compatible with these no longer available parts.
The reason we could react so swiftly was that we did not need to
start from ground zero - we already had extensive experience in
designing and manufacturing switching regulator modules and
could use this as a base for the semi-custom design.

Figure 3: The three different formats (/AC, /AL and /FC) of the R-78T
series

Figure 4: The semi-custom RAC20-K/X6 with IEC 62477-1 certified OVC Il

More recently, we received a request for a 20W board-mount AC/
DC module to be used as an auxiliary power supply in an EV charg-
ing station. As the charging station is hard-wired to the electricity
supply, it is classed as an OVC Ill (Over Voltage Category Ill) instal-
lation and has to satisfy additional safety requirements concerning
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overvoltage surges, isolation ratings and creepage and clearance
distances. We were able to manufacture a semi-custom prod-
uct, the RAC20-K/X6 with a revised PCB layout and transformer
construction to meet the IEC 62477-1, OVC Il requirements with
4kVAC/1 minute rated reinforced isolation instead of the standard
3kVAC/1 minute rating. This feat was achieved without changing
the dimensions, pinout or other important specifications such as
the wide input voltage range, wide operating temperature range
and <40mW no-load power consumption.

With many semi-custom designs, other customers also need simi-
lar parts, and they can become standard off-the-shelf options in
our portfolio.

Full-custom power converter

A full-custom power converter differs from the modified standard
or semi-custom variants because it is not based on an existing
product, but it obviously uses proven and tested building blocks
and existing production infrastructure where appropriate. Typical
requirements that would make a custom power converter project
viable would be that no existing product can fulfil the need, that the
costs (R&D, testing and production) are viable for both partners,
and that the project volume justifies the investment in resources.

The typical custom power converter project stages are shown in
Figure 5:

Figure 5: Custom power converter project stages

Project Proposal: The initial request from the customer detailing
the technical requirements of the custom power converter (func-
tional specifications, performance requirements, technical stan-
dards and physical dimensions) as well as the commercial factors
(budget, expected volume, target cost, etc.)

Project Evaluation: Analysis of the technical requirements (suit-
ability, manufacturability, resource availability, etc.). Is the project
viable?

Project Plan: The project plan details the project schedule, re-
source allocation and milestones that need to be achieved at each
stage of the project.

Prototype: Prototypes will be built to verify compliance with the
functional specifications. A change in specifications at this stage
is common. RECOM understands that even when the initial cus-
tom power converter requirements are clear and well-defined,
the specifications may need to be occasionally updated or further
modified, usually reacting to changes in the market. This is normal.
As long as the communication channels between the customer and
the RECOM design team are open, we aim to be as flexible as our
customers.

After approval of the initial prototypes, the next stage is the manu-
facture of pre-production prototypes (at least 50 units) so that sta-
tistically valid performance and stress testing can be conducted.

DVT/PVT: The design verification tests and production verification
tests are critical to the success of the project. RECOM needs to
provide datasheets and test documentation that will inspire in the
customer a high level of confidence that the custom design is fit for
purpose and will function reliably under all foreseeable operational
and fault conditions. To do this, RECOM has an automated test lab
with networked test stations to allow rapid testing and evaluation,
whether it be electrical testing, environmental testing in climate
chambers, reliability testing (electrical and thermal stress tests,
safe operating area tests, long term soak tests, shock and vibration,
etc.) or production tolerance testing.

Production and Certification Plan: As soon as the DVT testing is
advanced enough to initiate a design freeze, then the production
plan can be started, entailing purchasing of the necessary compo-
nents from primary and second sources and ordering the custom
housing, printing and packaging. The production-ready prototypes
can be sent off for agency approval (UL, IEC, EN, CB Reports, etc.).

Production: An assembly line will be set up to manufacture, test
and ship the final product to the customer.

Change Management: As mentioned previously, change is a fact of
life and needs to be managed. Technical standards are updated on
average every three years, and sometimes this requires a modifica-
tion to the custom design to stay compliant with any new regula-
tions. Changes to the availability of key components may require
notification to, and agreement from, the customer, with a Product
Changer Notice (PCN). The Product Life Cycle (PLC) documentation
is maintained over the lifetime of the product until the eventual
end-of-life decision by the customer.

Conclusion:

Type Customisation | Complexity | Speed Added Cost As c;?m be seen by this brief intro-
level duction, a RECOM power converter
can be offered as a modified stan-

Modified Standard | restricted Simple Several Low or no added cost dard . t full ¢
Product weeks ard, semi-custom or u. -custom
product to the customer in several
Semi-Custom flexible, but medium A few Low NRE costs, but may involve ways. Each variant has advantages
limited months re-certification fees. and aisadvantages (Figure 6), 50
Full Custom open complex Several | Product-dependent, but NRE charg- | the simplest way to decide is tc; es-
months es a.rflld netw certification costs are tablish a dialog with us so we can
significan advise and work together with you

Figure 6: Summary of the advantages and disadvantages of modified standard, semi-custom and full cus- to offer the optimum solution.

tom power converters

To facilitate this, RECOM has set up
four dedicated e-mail addresses
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one from RECOM will then contact
you to discuss your requirements
in more detail.
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How To Design Reliable Multilevel
Bridgeless Totem-pole PFC

This article discusses key design guidelines to implement safe operating conditions for power
switches, enabling delivery of higher reliability and greater robustness for multilevel totem-pole PFC.

By Dr. Trong Tue Vu and Rytis Beinarys, ICERGI

Multilevel totem-pole PFC offers the designer market appealing
advantages over 2-level designs including a significantly smaller
inductor, much lower dv/dt's and reduced switching losses. The
inherent reduction in switch operating voltage enables the mul-
tilevel PFC to be optimally implemented by low-cost standard
multi-sourced 150V MOSFETs with minimal reverse recovery time
and charge. This implementation enables best-in-class efficiency >
99.2% at much lower system cost compared to existing wide-band
gap (WBG) solutions in the market.

Multilevel Implementation of Totem-pole PFC
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b) Phase-shifted PWM modulation for two switching cells
Figure 1: Bridgeless Totem-pole PFC Design using 150V MOSFETs

Due to the lowest conduction losses, the bridgeless totem-pole
arrangement is a preferred PFC topology for single-phase AC/DC
applications [1], [2]. The high frequency switching leg can be imple-
mented in either a 2-level fashion using 650V WBG devices [1] or a
multi-level arrangement based on readily available 150V MOSFETs
[2]. The latter implementation illustrated in Figure 1(a) allows for
optimal power conversion with 75% smaller magnetics and 50%
lower BOM costs. These substantial benefits are a direct result of
how power is digitally modulated and converted from AC to DC.
Specifically, 8 x 150V MOSFETs (Qq to Qg) and capacitor C, are ar-

ranged to form two 2-level switching cells. The inner cell including
Q3. Q4 Qs and Qg is controlled to be 180-degrees phase shifted to
the outer cell composing of Qq, Q,, Q, and Qg. Serially connected
MOSFETSs in each cell, e.g. Q3 and Qg, are driven on and off together
by isolated low-cost gate drive circuits based on ICERGi IC70001. Ex-
emplary drive signals for the two switching cells are demonstrated
in Figure 1(b).

Since the two switching cells are cascaded and phase-shifted, the

multilevel topology processes power more efficiently and quietly

than a conventional 2-level solution. In particular, power conver-
sion happens at half of the output voltage and twice the switching
frequency of power devices, which results in:

+ 4 x reduction in the volt-seconds product for the main inductor.
This allows for a 4x smaller inductor design using low-cost stan-
dard Sendust toroidal cores and solid enamelled wire, enabling
50% BOM cost reduction. In addition to cost and size benefits,
a smaller inductor is more efficient at low-line operation, which
improves converter efficiency further.

+ Lower switching losses

* Reduced dv/dt which is of value in limiting EMI effects

As similar to any PFC topologies, the reliability of the multilevel
totem-pole design is dictated by the life span of power switches,
particularly 150V MOSFETs. Therefore, keeping these devices well
within their electrically and thermally safe operating areas is re-
quired for long life and reliable applications. The next part of the
article will discuss how to meet such requirements in a real-word
design.

Voltage Balance is Key

Capacitors C, and Cy, shown in Figure 1(a) define the operating
voltage for each pair of serially connected MOSFETSs in a switching
cell. However, the operating voltage of each MOSFET may not be
well defined depending on its switching characteristics as well as
how it is driven [2]. Such sensitivity is fully addressed by adding
two flying capacitors C; and C; to the switching cells as illustrated
in Figure 1(a). Maintaining the operating voltage level for all switch-
ing devices within their specifications is achieved by controlling the
voltage across three flying capacitors C,, C,, C3 and output capaci-
tor Cbulk'

VCZ

+ + Vier Comparator
Operational — Circuit
Amplifier

—

+ +
Operational
Vebu
Coulk % Amplifier

- PFC

Controller
IC70101

Figure 2: Flying capacitor voltage monitoring and control
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The PFC output voltage V¢, is measured and regulated by a digi-
tal PFC controller. The phase-shifted modulation naturally forces
the voltage of C, to settle at a half of the output voltage V¢p k-
Even though natural balance is sufficient to address most device
and manufacturing tolerances, the flying capacitor voltage Vc,
should be actively monitored and controlled for greater protec-
tion. Such a control feature is incorporated in ICERGi PFC controller
IC70101 as illustrated in Figure 2. The voltage across C, is first buff-
ered by a differential amplifier whose output is then fed to the PFC
controller IC70101 for ADC measurement and software protection.
An additional analogue circuitry with fast comparators can be used
to provide an extra layer of over voltage protection for switching
components.

Precise drive delay matching for serially connected MOSFETSs is re-
quired to minimize the energy absorbed by C; and C3 during turn-
off transitions. Such a requirement can be met by using miniature
isolated drive transformers in conjunction with ICERGI gate driver
IC70001. Since C; and C3 do not have to handle any significant pow-
er during operation, their values can be small, e.g. around 47nF.
Consequently, their voltage can be effectively controlled by using
4 x TVS devices Ts, T, T, and Tg. For minimal power losses, the

Start-up: Vjjne = 230V, No load

Steady State Operation: V), = 230Vac, P,y = 3kW

2kV L-to-N Differential Surge, Vjpe = 230V, Pjogq = 2kW

Figure 3: Flying capacitor and output voltage during start-up, steady
state, and line voltage surge condlitions.
(V¢ = BLUE, Vgp = RED, V3 = GREEN, V¢, = ORANGE)

— NORNE

norwe.de | norwe.eu

norwe.com
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clamping level is chosen to be above 115V and only triggers one
of the TVS devices when V¢4 and V5 drift away from their balance
points of Vep /4 and 3*Vy, /4. respectively.

It should be noted that capacitor voltage V-, is well controlled dur-
ing all operating conditions while the output voltage Vc,, could
experience fast transients during power-up and line voltage surges.
Therefore, two additional TVS devices T, and T, shown in Figure 1(a)
are included in the outer cell to provide adequate voltage clamping
preventing MOSFETs from entering avalanche mode.

Figure 4: Recommended PCB layout for switching cells of multilevel
totem-pole PFC

(@) Qq

(©) Qy

Figure 3 demonstrates the behaviour of V¢, Ve, Vs, and Vg
during different operating conditions. Evidently, the voltage bal-
ance is well maintained not only at steady state but also during
transient responses. The worst-case scenario for the outer cell oc-
curs during a differential-mode surge as demonstrated in Figure
3(c). The converter quickly increased V3 in response to the fast
variation in Vep . Which maintains the operating voltage for the
outer cell MOSFETs well within the 150V limit.

Mind The Loop

In addition to the operating voltage, the overshoot during MOS-
FET turn-off transitions needs to be controlled in order to meet the
design requirement. Turn-off overshoots in general are a function
of parasitic inductance and reverse recovery current. Most com-
mercial 150V MOSFETs already have excellent reverse recovery
characteristics intended for hard switching applications; hence,
minimizing parasitic inductance through PCB layout optimisation
is a necessary step. Using SMD components and low ESR ceramic
capacitors for loop size reduction is recommended. Figure 4 ex-
emplifies a PCB design in which 8 x SO8 MOSFETs and SMD flying
capacitors are arranged to minimize 4 loops formed by (Qg4, Qs, C4),
(Qe Qs €1, Q2) (Q7. Qp €y, C3), and (Qg, Qy, C3, Cpyiie Res)- The two
film-type PTH capacitors in parallel with C, are not included in Fig-
ure 4 for ease of demonstration.

Thanks to low loop inductance and excellent reverse recovery per-
formance, the switching waveforms of MOSFETs Qq, Q,, Qy, and
Qg exhibit clean transitions with minimal overshoots. Even for the
maximal loading condition as illustrated in Figure 5, the overshoot
is less than 10V and all switching components in the outer cell ex-
perience less than 120V. This suggests an operating margin of 30V
or 20% which is very desirable for hard-switching applications.

Similarly, the Drain-to-Source voltage of other 4 MOSFETs Qs, Qy,
Qs and Qg also undergoes minimal overshoot and ringing, resulting
in maximal voltage stress of less than 120V. Due to space limit, the
experimental data for the inner cell is not included in this article but
can be provided upon request.

(b) Q,

(d) Qg

Figure 5: Drain-to-Source voltage of switching devices in the outer cell. The testing condition is 115Vac and 1.5kW. Experimental data were collected
by a floating oscilloscope and a 300MHz single-ended probe. The 20MHz bandwidth limit function is disabled.
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Stay Cool Stay Reliable

In addition to electrical stress, high operating temperatures greatly
affect the life span of switching components in general and in par-
ticular 150V MOSFETSs. A reliable design should be able to limit com-
ponent temperatures while delivering maximal power to the load.
This target is not easy to achieve if the converter is inefficient and
the heatsink size is constrained.

Multi-level totem-pole PFC is thermally more advantageous than
2-level solutions thanks to more efficient power conversion and
greater loss distribution. In particular, the 3kW multi-level totem-
pole PFC prototype as shown in Figure 6 can achieve > 99.2% effi-
ciency at 230Vac for 30% to 50% load, and has a total loss of < 38W
at 100% load. The overall losses present in the switching leg is in
the order of 20W which is distributed evenly between 8 MOSFETs.
Therefore, each MOSFET has to dissipate around 2.5W at full load,
which can be achieved by bottom-side cooling working in conjunc-
tion with thermal vias and thermal interface material.

Figure 6: 3kW multilevel totem PFC prototype and efficiency data

Figure 7 shows a thermal image of 4 MOSFETSs in the inner cell. The
remaining outer cell MOSFETSs are covered by the control card and
cannot be seen in the image. The thermal data suggests that the
maximal absolute temperatures of the 4 switches are well below 50
degrees Celsius at full load and minimal air flow. The temperature
rise above the ambient temperature is 30 degrees Celsius. This ties
in well with the efficiency data and the estimation of power loss per
MOSFET. It is important to stress that having the power switches
running cooler is the most effective way to improve the product
reliability.

Figure 7: Temperatures of Qs, Q4 Qs, and Qg captured at Vj;,, = 230V
and Py, = 3kW. Measurements were taken after 20 minutes running at
the ambient temperature of 20 degrees Celsius. Air flow is < 0.3m3/min.
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Summary

Using 150V MOSFETSs for 400V power conversion does not make the
design less reliable if all switching devices are controlled to operate
well within their electrical and thermal ratings. As demonstrated in
the article, multilevel bridgeless totem-pole PFC can be designed to
operate well within their safe operating area with significant mar-
gins at extreme conditions and be as reliable as any other topolo-
gies. By controlling the flying capacitor voltages, the voltage stress
for 8 x 150 MOSFETs remains within 120V at steady state and 150V
for line voltage surges and transients.

Thermally, the multilevel totem-pole PFC offers advantages over
2-level solutions because multilevel power conversion is more ef-
ficient (>99.3% efficiency), leading to lower power losses and heat
generated. Additionally, multiple switching components spread the
losses over more switches, minimizing the risk of thermal hotspots
commonly associated with a 2-level design.
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The Interleaved Inverting
Charge Pump - Part 1:

A Topology for Low Noise
Negative Voltage Supplies

Analog Devices offers a wide variety of solutions for producing low noise power. Most of these
solutions are designed to produce positive voltage rails, with fewer dedicated ICs for generating
negative voltages. This can be particularly limiting when the negative voltage needs to power low
noise devices, such as RF amplifiers, switches, and data converters (ADCs and DACs).

By Jon Kraft, Senior Staff Field Applications Engineer and
Steve Knoth, Product Marketing Manager, Analog Devices

Introduction

Noise must be minimized in precision instrumentation or radio
frequency (RF) circuits, but reducing noise comes with a number
of challenges due to the nature of these systems. For instance,
these systems must often operate over a wide input voltage while
meeting strict electromagnetic interference (EMI) and electromag-
netic compatibility (EMC) requirements. Furthermore, systems are
crowded with electronics, making them space-constrained and
heat sensitive. The increasing complexity of integrated circuits (ICs)
has led to an increase in the number of power supply voltage rails
that these systems require. Generating all these rails, meeting the
above requirements, and keeping the entire system low noise can
be daunting.

In Part 1 of this article series, we introduce a method to generate
this low noise negative rail from a positive supply. It starts with a
general understanding of how negative rails are typically generated
and where they are used. Then we discuss the standard inverting
charge pump before introducing an interleaved inverting charge
pump (IICP) topology. A short derivation of the input and output
voltage ripple for the IICP emphasizes its unique advantages for
low noise systems.

Part 2 of the series gives a practical example of an IICP implemen-
tation with Analog Devices' ADP5600. We first compare this part
to a standard inverting charge pump by measuring voltage ripple
and radiated emissions. Then we use the equations from Part 1 to
optimize the [ICP performance and develop a complete solution for
powering a low noise RF circuit.

Traditional Negative Voltage Generation Methods

To create a negative voltage, one of two methods is commonly em-
ployed: use an inductive switching regulator or use a charge pump.
Inductive switchers use an inductor or transformer to generate the
negative voltage. Examples of these magnetic converter topologies
are: inverting buck, inverting buck-boost, and Cuk. Each of these
has its own set of advantages and disadvantages regarding solu-
tion size, cost, efficiency, noise generation, and control loop com-
plexity.1, 2 In general, the magnetics-based converters are best
suited when higher output currents are required (> 100 mA).

For applications requiring less than 100 mA of output current,
charge pump positive-to-negative (inverting) dc-to-dc converters
can be very small and feature low EMI because no inductors or
control loops are required. They simply require moving charge be-
tween capacitors via switches—supplying the resulting charge to
the output.

Because charge pumps use no magnetics (inductors or transform-
ers), they typically feature lower EMI than inductive switching to-
pologies. Inductors tend to be much larger than capacitors, and
unshielded inductors act like antennas by broadcasting radiated
emissions. In contrast, the capacitors used in a charge pump do
not produce any more EMI than a typical digital output. They can be
easily routed in short traces to reduce antenna area and capacitive
coupling, resulting in lower EMI.

Table 1 compares inductor-based switching regulator and switched
capacitor inverting topologies.

Features Inductor-Based Switched Capacitor
Switching Regulator | Voltage Converter

Design Moderate to high Low

Complexity

Cost Moderate to high Low to moderate
Noise Low to moderate Low

Efficiency High Low to moderate
Thermal Best Moderate to good
Management

Output Current High Low

Requires Yes No

Magnetics

Limitations Size and complexity  V|\/Voyr ratio

Table 1: Comparison of Magnetic and Inverting Charge Pumps

Traditional Inverting Charge Pump
The configuration of the traditional inverting charge pump is shown
in Figure 1.

Figure 1: Inverting charge pump schematic.
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The output impedance, ROUT, of the charge pump is defined as the
equivalent resistance of the charge pump mechanism from input
to output. It is found by measuring the input to output voltage dif-
ference and dividing by the load current:

where GAIN = -1 for an inverting charge pump.

Alternatively, the equivalent output resistance can be calculated as
a function of switching frequency, switch resistance, and flyback
capacitor size—generally simplified as:

Where is the summation of the four switches' resistance.

Each of the four switches operates at the same frequency, fosc,
and they are on for one half of the switching period, T, where T =1/
fosc. Operation can be separated into two phases based on the two
halves of the switching period, as shown in Figure 2.

Figure 2: Inverting charge pump during each phase of operation.

Figure 3: Timing diagram for inverting charge pump.

Figure 3 gives the voltages and currents for each phase of the
charge pump'’s operation. In Phase 1, S1 and S2 are closed and S3
and S4 are open. This charges the flying capacitor (Cf y) to a volt-
age of +V|\. In Phase 2, the energy from Cpy is discharged into the
output by opening S1 and S2 and closing S3 and S4. The two dis-
tinct phases of operation means that discontinuous current flows
into Cp vy from Vy, and discontinuous current flows out of Cy into
Cout- This leads to voltage ripple on C;\ and Cqyt, which can be

calculated:

Solving for output voltage ripple gives:

Similarly, the input voltage ripple is:

Equation 4 and Equation 5 illustrate that, for a standard inverting
charge pump, the voltage ripple is a function of switching frequen-
cy and input (or output) capacitance. Higher frequency and higher
capacitance reduce this ripple in a 1:1 relationship. However, there
are practical impediments to increasing frequency: namely increas-
ing current consumption of the chip, which decreases efficiency.

Similarly, cost and PCB area often restrict the maximum input and
output capacitance of an inverting charge pump. Also note that the
flyback capacitor plays no role in the charge pump's voltage ripple.

To reduce ripple, input and output filters could be constructed
around the charge pump, but this again increases complexity and
the charge pump's output resistance. However, these issues can
be addressed with a novel improvement to the standard inverting
charge pump inverter: an interleaved inverting charge pump (lICP).

Interleaved Inverting Charge Pump (lICP)

Phase interleaving is widely used in inductive switching regulators
(that is, polyphase operation) to reduce output voltage ripple.3 A
2-phase buck converter interleaved at exactly 50% duty cycle pro-
duces, in theory, 0 mV of output voltage ripple. Of course, the duty
cycle of a regulated buck converter changes with input and output
voltage, so the 50% case is only realized when V| = 2 Vg 7. Charge
pumps usually operate at exactly 50% duty cycle, so an interleaved
charge pump inverter is interesting to consider.

Figure 4: Interleaved inverting charge pump.

Interleaving charge pumps are sometimes used within ICs when a
very low current negative rail is required on the die, but right now
there is no commercially available dedicated IICP inverting dc-to-dc
converter. The construction of an IICP requires two charge pumps
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and two flying capacitors. The second charge pump operates the
switches 180° out of phase with the first charge pump. Let's look
at the setup and the output ripple of an [ICP and highlight how to
optimize its performance. The setup is shown in Figure 4 with the
timing diagram in Figure 5.

Figure 5: Timing diagram for interleaved inverting charge pump.

In each phase of the oscillator, one of the flying capacitors is con-
nected to V| and the other is connected to Vg . At first glance,
one might think that the addition of the second capacitor would
only reduce the voltage ripple by half. However, this is an inaccu-
rate oversimplification. In fact, the input and output voltage ripple
can be far less than a standard inverter, because a capacitor is al-
ways charging from the input and discharging to the output. This
can be better understood from the derivation of the IICP's output
voltage ripple.

IICP Output Voltage Ripple Derivation

Since the IICP always has one of the flying capacitors supplying cur-
rent to the output, its output stage can be simplified, as shown in
Figure 6.

Figure 6: Simplified IICP output stage.

Furthermore, the IICP's output resistance, as defined in Equation 1,
can be approximated by:

Where is the summation of the switch resistances.

Summing the currents into | oap, We arrive at:

Where dt is equal to a quarter of the switch period (T/4, or 1/(4
x fosc)). The output voltage ripple, AVqy, is dVgoyt and Vg y(t) is
the voltage difference across Cry. We can make the reasonable
assumption that output voltage ripple is small relative to the flying
capacitor voltage ripple. Then to calculate AVq 1, we need an un-
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derstanding of Vg y(t). From Figure 6, note that IFLY is equal to the
current through the two on switches. And each of those switches
has a resistance of Ryy. Therefore:

To solve this differential equation for Vg y(t), at least one initial
condition must be known. This condition can be found via inspec-
tion of the timing graphs in Figure 5. Note that fromt=0to t =
T/4, both Cpy capacitors contribute current to | gap and charge
Cout- Then, from t = T/4 to t = T/2, Cy and Cqyt contribute to
the output load current. So, right at t = T/4 (and similarly t = 3/4T),
the contribution to I gap from Cqy is exactly 0. Therefore, at this
moment, | op is equal to Iy, and the voltage of Vr v is given by:

Using Equation 8 and Equation 9, we can differentially solve for
Verv():

To find the delta in Vg y for Equation 7, take two points (for ex-
ample, t = 0 and t = T/4), and solve Equation 10 for each of those
points. The result simplifies to:

Combining Equation 11 and Equation 7, and solving for AV 7 gives:

The impact of Equation 12 may not be initially obvious. It may help
to first simplify it by considering the case of an ideal switch (Rgy =0
Q). Doing so brings the second term to nearly zero, leaving only the
first term. That first term is very similar to the standard inverting
charge pump ripple (Equation 4), but the dual flying capacitors of
the IICP increase the denominator by 2x. Twice the charge pumps
yields half the ripple. This result is consistent with intuition.

However, the important part of Equation 12 lies in the second half.
Note the minus sign for the second term, meaning that this portion
reduces the output voltage ripple. Focus on the switch resistance
(Ron) and the flying capacitor (Cgy). In a standard inverting charge
pump, these terms play no role in reducing the output voltage rip-
ple. But in an IICP, the switch resistance acts to smooth out the
charge and discharge current. The dual flying capacitors allow this
charge/discharge action to happen uninterrupted.

Output Voltage Ripple Confirmation

We can use circuit simulation to check the accuracy of Equation 12
and the validity of the assumptions used to derive it. This is easily
accomplished using LTspice®. The schematic for this simulation is
shown in Figure 7, and the file is available for download.

A comparison was performed for a variety of conditions, with a
summary of the results in Table 2.

Table 2 shows that Equation 12 closely matches simulation,
validating the assumptions made in simplifying the equations.
Now we can use that equation to make trade-offs in the IICP
implementation.

Vout Ripple (mV)

ILoap | fosc | Cout | Cry | Ron | Equa-
ViN (V) | (mA) | (kHZ) | (uF) (MF) | (Q) tion LTspice
10 50 1000 4.7 2.2 2 0.038 0.038
5 100 1000 4.7 2.2 2 0.076 0.075
5 50 1000 1 1 2 0.393 0.390
5 50 1000 1 1 3 0.261 0.260
7.8 37 532 2.4 0.5 4 0.430 0.425
5 100 1000 10 2.2 3 0.024 0.024
5 50 200 4.7 1 10 0.418 0.415
12 50 500 10 1 10 0.031 0.033
12 20 500 4.7 1 3 0.089 0.089

Table 2: Comparison of Theoretical vs. LTspice Simulation Results for
Various Configurations

It's also instructive to compare the voltage ripple between an IICP
and a standard charge pump. In Part 2 of this series, we will show
bench test data of these differences. But for now, our LTspice model
in Figure 8 can illustrate the difference in output voltage ripple.

Figure 7: Interleaved inverting charge pump in LTspice.

Figure 8: Output voltage ripple of an IICP vs. a regular charge pump:
ViN=T12V, l,0ap =50 MA, Cry = 2.2 uF, Coyr=4.7 UF, Roy =3 Q. To
make the comparison fair to the regular charge pump, its Rop was
halved and Cr; was doubled.

Optimization of IICP Topology

Having derived the IICP equations and proved their validity, there
are two primary conclusions: For the IICP, the switch resistance
(RON) reduces both input and output voltage ripple, a desired re-
sult. In contrast, in a standard inverting charge pump, the switch
resistance is entirely undesirable, as it increases the Rq7 of the
charge pump and provides no ripple voltage reduction. In fact, we
could further augment the switch resistance by placing a resistor
in series with the flyback capacitor. This gives us a knob to reduce


http://bodospower.com

March 2022

Power Supply 55

input and output voltage ripple at the expense of increased charge
pump resistance. We'll explore this knob further when we discuss
use cases of the IICP in Part 2 of this series.

Secondly, the value of the flying capacitors, and their ratio with
COUT, can be optimized to further optimize the ripple. For ex-
ample, a large output capacitor value may be difficult to find in a
small package, and subject to a significant capacitance derating at
higher voltages. But by reducing COUT, and then increasing CFLY,
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the same output voltage ripple can be obtained for more attain-
able values of capacitance. For example, instead of CFLY = 1 yF and
COUT = 10 pF, if they were all set to 2.2 pF, then nearly the same
output voltage ripple is attained. 2.2 pF/25 V capacitors are more
readily available in small packages than 10 pF/25 V capacitors. An
example application in Part 2 explores this.

Conclusion

This concludes Part 1 of the 2-part series on the interleaved invert-
ing charge pump topology. This part covers the general concepts
behind an IICP topology, including input/output voltage ripple cal-
culations. The derivation of the equations governing input/output
ripple yields important insights into how to optimize the perfor-
mance of an IICP solution.

In Part 2 of the series, we unveil the ADP5600, an integrated solu-
tion for the IICP topology. We measure its performance and com-
pare to a standard inverting charge pump. Finally, we'll put it all
together to power a low noise phased array beamforming solution.
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Protecting the Health of the
Battery: The Importance of
Rugged Design and the BMS

With the growing rise in the use of batteries for a range of applications, it is crucial that the
battery is designed in a manner that protects the safety of the user and the battery itself. Incorrect
construction of the battery greatly increases the risk of damage to the internal battery cells which

can have serious consequences.

By Jake Schmalz, Director of Engineering at Briggs & Stratton

When it comes to designing a battery there are two core elements
(among many others) that need to be considered: the battery cas-
ing and the batteries internal structure. Getting these two elements
correct reduces the chance of risk, protecting both the health and
safety of the battery and its user.

Figure 1:
Internal structure of Vanguard'’s 5kWh Commercial Battery Pack

Designing the Battery Casing

The outer structure of a battery design is often an afterthought to
the internal structure that generates the power output required.
With a focus on generating power that can compete with petrol
and mains-powered machinery, ensuring that the battery is stored
in a secure casing is fundamental in allowing it to withstand the
demanding conditions placed on machines.

Figure 2: Vanguard 5kWh Commercial Battery Pack

Heavy duty machinery often experiences severe vibrations that can
impact the user of the machine, something that is greatly improved
by the introduction of battery power. Whilst there is often a signifi-
cant reduction in sound pressure in decibels, there is also likely to
be a reduction in harsh operation of the equipment. Because the
demands of the machine are still the same, the battery needs to be
designed to withstand these forces.

This starts with a heavy Aluminium base to absorb the pressure
and to work alongside the internal structural supports to keep the
battery cells in place during operation. Once the battery cells are
secure it is imperative to protect the electrical componentry from
impact and dust and water ingress by sealing the battery casing, all
while allowing critical venting for the battery cells. The addition of
heavy-duty busbars, connections and contactors support the ma-
trix for the cells and allow the pack to be able to withstand the
physical conditions while providing long-lasting, powerful perfor-
mance.

Once they have been carefully designed, batteries must go through
rigorous modelling and testing protocols, including impact and vi-
bration, to ensure that the battery performs under the demanding
conditions needed for use with various machinery. Briggs & Strat-
ton's Power Application Centre has been carefully developed so its
team of experienced Application Engineers can model, build, and
test actual customer products to provide real-world development
support and validation for equipment of all types.

Taking the approach of designing from the ground up in this man-
ner allows Briggs & Stratton’s Vanguard batteries to be used in
commercial applications that have high vibration, impact, tempera-
ture shocks, and environmental exposure requirements.

Figure 3: Scanning the Individual Battery Cells
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Focusing on the outside demands and the expected use of the bat-
tery is crucial to understanding the size of the casing needed and
its structure to protect the internal cell structure. A poorly designed
battery casing will greatly impact the health of the battery and its
power capabilities.

The Internal Battery Structure

Within premium Lithium-ion batteries, the battery management
system (BMS) plays a crucial role in protecting the health and safety
of both the user and the battery itself, ultimately reducing risk. At-
tached to the battery within the battery casing, the BMS is constant-
ly able to run diagnostics on the internal mechanisms of a battery.
The data collated can be recorded and relayed to the user on differ-
ent elements including temperature, charging speed, and charge
status. Combined the statistics gathered by the BMS can ensure
the safety of the battery for the user and protect the battery health.

The role of the BMS is fundamental beyond collecting data, it is es-
sentially the brains that control all the functions of the battery. At
its most basic, it evaluates the battery in relation to the equipment
or charger; only allowing the flow of energy when properly con-
nected and when environmental conditions and charge/discharge
parameters are met. Combined with thermistors that constantly
monitor individual cell and pack temperatures, the BMS logic works
to prevent exceeding safe limits for charging or discharging the bat-
tery.

Figure 4: Building the Circuitry

The BMS “Power Map"” governs all the rules and boundaries for
safe, long-life battery operation. The Power Map works to optimize
the charge and discharge rates based on ambient and pack tem-
perature, state-of-charge (SoC) and state-of-health (SoH). This pre-
vents the pack from operating in fringe areas where the Lithium-
ion battery life is most compromised.

Operating windows for Lithium-ion batteries have been greatly in-
creased by the data that is collected by the BMS. It allows them to
be used in temperatures as low as -20°C by carefully adjusting the
discharge rate to counter for the extreme temperature. Ambient
temperatures cause the chemical reactions that take place need to
produce the desire power output to occur at a slower rate. A high-
ly efficient and intelligent BMS will be able to compute the lower
temperatures and carefully control the rate of discharge to avoid
damaging the anode of the cell. Without an effective BMS, use at
low temperatures can cause damage to the battery cells which can
reduce their long-term battery life.

This too applies to charging in ambient temperatures. If the charg-
ing rate is not controlled, the battery can be damaged as lithium
ions build up on the anode in a process known as lithium plating.
An effective BMS works to slow the rate of charge in extreme tem-
peratures to protect the internal cell to avoid impacting on the rate
of performance. Whilst this can resultin longer charge times for the
user, the health of the battery is maintained allowing for its power
capacity to remain constant regardless of the change in external
conditions.

Overall, it is the BMS that is crucial to protecting the internal health
of the battery as it is always in control. By constantly monitoring a
multitude of criteria, the BMS keeps the battery operating in the
most safe, efficient, and healthy mode protecting both the battery
and the user.

In summary

To summarise, it is imperative to create a battery that is not just a
bundle of cells formed together in an enclosure. Instead, batteries
need to be engineered specifically to keep users productive and
safe. Whilst many elements of Briggs & Stratton’s Vanguard bat-
teries are hidden from view, they play a crucial role in constantly
monitoring a multitude of factors to keep the user safe and the
battery healthy for long, reliable life.

www.briggsandstratton.com

Denka

Denka Si3N4 AMB:
The product of leading expertise

Denka Si3N4 AMB was developed by Denka, a leading com-
pany of AIN, Si3N4 with more than 20 years of experience.

Like all Denka products, Denka Si3N4 AMB is characterized
by its reliability and longevity. It is loaded into inverters of
acclaimed Tier 1 suppliers all over the world, where it contri-
butes to the development of EV.

Denka Si3N4 AMB is available in conventional 0.32 mm
ceramic with 90W/mK. In addition, a version in 0.25 mm
ceramic with 120W/mK is currently under development.

www.denka.co.jp

Denka Tokyo, Japan | dk010282@denka.co.jp | +81-3-5290-5542
Denka Dusseldorf, Germany | info@denkagermany.de | +49-211-130990
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Design Tools, Models, and Performance Simulations for GaN-Based Designs

EPC announces the debut of the GaN Power Bench™, a suite of de-
sign tools to assist engineers in getting the optimal performance
from their GaN-based designs. eGaN® FETs and ICs provide the

fast switching, high efficiency and small size that can meet the
stringent power density requirements of today’s leading-edge
applications. The tools in the GaN Power Bench assist designers
in the selection of the best GaN device for the application, simu-
late and optimize the thermal performance of the design, and
provide application examples with all the supporting documenta-
tion needed to quickly and easily replicate the optimal design tips
necessary for ideal performance. Tools in the GaN Power Bench
include a GaN FET Selection Tool for Buck Converters, a GaN FET
Thermal Calculator, Cross Reference Search, Device Models, and
Reference Designs. Andrea Gorgerino, EPC's Director of Global
Field Application Engineering commented, “Our eGaN FETs and
ICs provide designers employing any power conversion topology
the opportunity to achieve significant performance enhancements
compared with silicon devices. User-friendly tools like those in the
GaN Power Bench make it easy for designers to extract the opti-
mal performance out of their GaN-based designs.”

www.epc-co.com

Single Half-Bridge ICs in Noticeably Smaller Package

Infineon Technologies presents the MOTIX ™ BTN99xx (Novalith-
IC™+), a unique family of intelligent integrated half-bridges and the
direct successor to the BTN89xx. Besides a p-channel high-side and
an n-channel low-side MOSFET, BTN99xx also includes smart driver
ICs fully integrated in a single package. Its ease-of-use, advanced
protection and scalability make the family ideal for a wide range of
automotive applications. In addition, the integration of functions in
a single rugged package makes the BTN99xx suitable for applica-
tions where low PCB consumption is critical. Due to its reliability,

it is also a perfect fit for seat controls, electric tailgates and sliding
doors, fuel pumps and other applications.

“MOTIX BTN89xx (NovalithIC) is a well-known and a very successful
product family on the market. Since 2015, we have delivered more
than 500 million units to automotive customers worldwide,” said
Andreas Doll, Senior Vice President and General Manager Automo-
tive Body Power at Infineon. “Our new BTN99xx family comes in a
small HSOF-7 package and offers a footprint saving of 60 percent
compared to the previous generation.” The devices have been re-
alized in a robust package using Infineon's advanced chip-by-chip
and chip-on-chip assembly technology. Due to Infineon's latest
MOSFET technologies with innovative chip thinning process, it was
possible to reduce the typical path resistance for BTN99xx by 47
percent to 5.30 mQ at 25°C, while the current limit was increased
to 75 A. As a result, this family is a unique and cost-optimized solu-
tion in the market for high-current PWM (pulse width modulation)
motor drives with very low PCB consumption.

www.infineon.com

Digitally Programmable Synchronous Buck Converter

Featuring a synchronous topology for optimum efficiency, the
STMicroelectronics STPDO1 DC/DC buck converter is digitally pro-
grammable for USB Power Delivery (PD) applications up to 60W.

With a wide input-voltage range of 6V to 26.4V, the STPDO1 offers
flexibility to address applications such as AC multiport adapters,
USB hubs, PC monitors, and smart televisions. The output voltage,
setvia 12C, can be adjusted from 3V to 20V in 20mV minimum steps

to meet PD specifications. The device incorporates cable-drop com-
pensation with an internal voltage-feedback resistor divider, to en-
sure the load receives the correct voltage unaffected by losses in
copper tracks and the attached output cable.

The STPDO1 includes protection against over-voltage, over-current,
and over-temperature. Additional built-in features include embed-
ded discharge circuitry, soft-start, under-voltage lockout, and a
programmable watchdog timer that help ensure a robust and safe
system.

ST has also launched the STEVAL-2STPD01 USB Type-C™ Power De-
livery dual-port adapter kit, to accelerate development of solutions
based on the STPDO1. Created as an expansion card to be used with
the NUCLEO-GO71RB STM32 Nucleo-64 development board, the
STEVAL-2STPDO1 board contains two Type-C ports with two STPDO1
programmable buck converters. Two TCPP02-M18 protection ICs
for USB Type-C and PD Source applications are also on-board, and
the associated software package, STSW-2STPDO01, contains a sam-
ple application to run on the STM32G07 microcontroller.

www.st.com
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Fiber Isolated Probe for Power Electronics and

Medium Voltage Use

The presence of fast common modes and
high voltages in power electronic systems
makes floating measurements difficult
where it is well known that differential
probes have poor CMRR and ringing is
typical. Fiber isolated probes like SAKER's

ISOVP-L allow the accurate measurement
of high side gate voltages and currents
with floating shunts possible, due to excel-
lent CMRR, low capacitive loading and high
bandwidth. Optical isolation also increases
user safety and eliminates leakage cur-
rents. The receiver is USB powered, con-
nects to any oscilloscope via a BNC cable
and features an auto-zero function. The
emitter runs on standard AA batteries for
more than 6h continuously, has a standard
camera mount thread and is small enough
to fit inside cabinets and small spaces. A
unique touch protected SMB input con-
nector designed by Saker gives users
added safety when handling the probe as
well as extra signal integrity. The ISOVP-L
exceeds the specifications of competing
probes, eliminates the need to invest in
new scopes making it an ideal choice for
customers with tight budgets.

www.saker-mv.com

Measurement Transducer for
Test & Measurement Applications

LEM is offering high levels of accuracy
performance in current sensing with the
launch of its IN 200 current measurement
transducer. As the most accurate sensor of

its kind on the market, the IN 200 is ideal
for use in such demanding applications as
high-precision test & measurement (T&M)
equipment used to analyse the efficiency
of inverters fitted to hybrid electric vehicles
(HEVs) and electric vehicles (EVs).The IN
200 is able to offer significant performance
improvements - particularly in terms of
linearity, offset and noise immunity - over
traditional fluxgate transducers through

its use of a new kind of digital technology.

While the IN 200's data sheet quotes 0.6
parts per million (ppm) and maximum
10ppm respectively, in-house tests have
shown that the sensor can achieve linearity
below 0.5ppm and offset of +/-5ppm.This
compares with competitors’ transducers
offering +/-20-25ppm. With the transducer
fitted to automotive test benches, manu-
facturers will be able to improve the test-
ing efficiency of inverters and validate their
performance levels through access to the
most accurate data. In turn, because in-
verters will reduce power losses, designers
will have the potential to tackle the issue
of “range anxiety” by enabling EVs to go
further than is currently possible. The IN
200 offers users many additional benefits,
including significant noise reduction and
outstanding immunity to external fields.
The device's digital technology ensures
immunity to temperature effects, interfer-
ence and supply voltage variation while

its top-quality metallic housing (previous
models used a plastic casing) improves
EMC immunity, reduces temperature drift
and enables high-precision operation over
an extended temperature range (-40°C to
+85°C).

www.lem.com

TRANSFER MULTISORT ELEKTRONIK
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Power Analysis Solution for SiC and GaN Applications

HIOKI launched its Power Analyzer PW8001 ideal for high power
measurements at high frequencies. The high bandwidth and high-
accuracy current sensors allow for unrivalled accuracy for example

when developing state-of-the-art SiC and GaN applications. At the
same time, best protection against external noise is guaranteed be-
cause of the highest Common Mode Rejection Ratio in the indus-
try for both power analyzer and current sensors - also designed by
HIOKI. The 15 MHz sampling rate and 18-bit A/D conversion result
in extremely accurate measurements and waveform reproducibility.

A unique feature of the PW8001 is the automatic phase shift cor-
rection function (APSC). It allows to compensate for phase delay
and enables accurate reactor or transformer loss measurements at
high switching frequencies. Optional four motor inputs enable the
complete analysis of multiple motor systems like drones, robotics
or in-wheel motor drive systems of electric vehicles.

www.hioki.com

Medical AC/DC Power Supply in a 2x3 Inch Package

P-DUKE has announced the latest high-power density 180W
medical AC/DC power supplies of MAD180 series. With forced air
cooling these power supplies can deliver up to180W and 150W at
natural convection cooling. Additionally, an up to 220W peak out-
put power for 5 seconds is available. This series is featured with

2XMOPP insulation, low leakage current less than100 pA, certified
with EIC/EN/ANSI 60601-1 makes it suitable for any safety de-
manding type BF medical application. It comes in 2 x 3 Inch open
frame versions or optional encased versions and DIN-rail versions
with an universal input range of 85 to 264 Vac and also especially
supports 120-370Vdc input range. This series provides 12, 15, 18,
24, 28, 36, 48, 53 Vdc single output voltage. The output voltage can
be easily adjusted up to £8% with the integrated potentiometer.
They have the following protection functions: over-voltage protec-
tion (latch mode), over-current protection (hiccup mode and auto-
recovery), short-circuit protection (continuous and auto-recovery)
and over-temperature protection (sensed by an internal thermis-
tor; hiccup mode and auto-recovery).

MAD180 series is equipped with long-life electrolytic capacitors,
efficiencies up to 94%, power factor correction is 0.95, no-load
power consumption of 150mW max. and IEC protection types of
class | and class Il. The power supplies can be operated at an alti-
tude up to 5000m and with its superior performance at an operat-
ing temperature of -40°C to +85°C.

www.pduke.com

AC Multidrive with Ability to Control PM & Induction Motors

Industrial automation group Inovance Technology Europe has
announced the release of the MD800 - an AC multidrive designed
to meet the needs of European OEMs for ever more flexible

and scalable multidrive performance in an ever more compact
footprint. MD800’'s modular design enables up to 8 drives to be
supplied from one rack with a single rectifier, sharing energy
through the common DC bus. The product offers comprehensive
functionality including an individual STO (safe torque off) on each
drive, the ability to control PM and induction motors from a single
software package, a +24 VDC control backup supply, and a full
range of fieldbus and 1/0 expansion option cards. Meanwhile, the
dual rating of each drive module allows heavy duty 150% overload
for demanding torque applications or normal duty 110% over-
load for fan & pump applications. Additionally, MD80O is highly
cost-effective, and also offers a significantly reduced total cost of
ownership. Installation costs in particular are slashed as a result of
user-friendly pluggable, spring type connectors, and a faster build
time due to reduced wiring and fewer external components. The
product is also designed to operate in the harshest of industrial
environments with 3C3 and 3S2 conformal coating, an operating
temperature range of -20 to +600C, an operating altitude of up to
4,000 metres, and a separate cooling channel for the heatsink.

www.inovance.eu
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Silicon Power MOSFET for High Efficiency Power Conversion

SkyWater Technology and Applied Novel Devices announced

a transistor technology that offers significant benefits for fast
switching power conversion applications. The power MOSFETSs
offer 2x lower output charge, near-zero reverse-recovery and
ultra-low Qoss enabled by AND's proprietary channel engineer-
ing technology. In addition, these power MOSFETSs offer superior
specific on-resistance (< 5 mOhm-mm2 @ 30V BVDSS) at gate
drive as low as 2.5V as well as low leakage currents and near-ideal
sub-threshold slope made possible by AND'’s device architecture.
These characteristics can substantially reduce parasitic losses
incurred in power management systems. This will improve power
management and conversion efficiency in numerous applica-
tions including data centers, automotive, electric motor drives,
microinverters for renewable energy systems and many others in
industrial and consumer markets. In applications such as DC-DC
power conversion, AND's technology offers unique advantages
enabled by its novel device architecture. Near-zero reverse recov-
ery and low output capacitances eliminate the need for integrated
or standalone Schottky clamp diodes. These efficiency enhancing
characteristics make the technology attractive for higher fre-
quency voltage conversion applications not typically supported by
conventional Si MOSFETSs. The high frequencies enabled by these
power MOSFETSs, in turn, drive reduction of passive component
sizes to achieve small form factor power modules that support
further system level efficiency gains.

AND will offer wafer scale and standard package products ranging
from 15-80V for industrial and consumer applications. AND plans
to expand the offering to span the 200-1000V range with a family
of products produced at SkyWater for electric vehicle, renewable
energy and various industrial applications.

www.skywatertechnology.com
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ICs Feature Energy Measurement,
Dimming and Relay Control

The SY7T501 and SY7T502 are Silergy's latest single-phase energy
measurement ICs for cost-sensitive loT applications such as smart-
plugs, dimmers, power-strips, intelligent lighting, and other points
of load. The devices feature a line voltage zero-crossing com-
parator with dedicated state-machine. A relay control-block with
user-programmable on/off delays for latching relays (single and
dual coil) and non-latching types. The relay control-block includes
relay’s contact sensing, allowing timing adjustment to compen-
sate for relay’s delay variation due to wear and other conditions.

The devices also include a dimming control block for trailing and
leading-edge controls and configurable digital 1/0’s. A 32-bit signal
processing unit with a delta-sigma converter, precision bandgap
reference and analog front-end allow accurate energy measure-
ment (Vrms, Irms, Power, Energy, Line Frequency etc.). The UART
interface allows communication with the host processor, includes
communication protocol with data integrity check and auto-baud
function. The devices are available in SO8 and MSOP10 packages.

www.silergy.com

Advert

Standard Non-Hybrid Space-Grade Power Converters

Space system designers cannot easily support non-standard volt-
ages or add functions with traditional hybrid-style power convert-
ers. Microchip Technology has eliminated the cost, complexity and
customization challenges of these hybrid solutions by offering a
discrete-component-based, space-grade DC-DC power converter
family that now includes 28V-input, 50-watt (W) radiation-tolerant
options.

“Our latest 28V-input SA50-28 products greatly simplify and
accelerate system development,” said Leon Gross, vice president
of Microchip’s discrete product business unit. “They are easier to
customize than alternative space-grade power converters so they
can meet specific voltage, current and other needs. Customers gain
flexibility while reducing the size, cost and complexity of their space
system designs.”

Microchip’s SA50-28 family is an off-the-shelf, 28V-input, radia-
tion-tolerant power converter offering that is based on discrete
components with surface-mount construction and non-hybrid
assembly processes. Delivering more capabilities than alterna-
tive off-the-shelf, space-grade power converters, a single SA50-28
device with customized parameters eliminates the volume, weight
and complexity problems of using hybrid solutions with their mul-
tiple devices and surrounding circuitry.

Microchip’s comprehensive SA50-28 product line is a 20V- to 40V-
input, 50W family with nine standard outputs of 3.3V, 5V, 12V, 15V
and 28V in single- and triple-output configurations. The devices
can be tailored to a system'’s exacting power needs in a relatively
short time with minimal additional costs as compared to hybrid-
style power converter products.

www.microchip.com

Bodo s Power Systems®

bodospower.com
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High-Voltage Switcher ICs with 1700 V SiC MOSFET

Power Integrations announced the addition of two AEC-Q100
qualified, 1700-volt rated ICs to its InnoSwitch™3-AQ family. The
devices are automotive-qualified switching power supply ICs to
incorporate a silicon carbide (SiC) primary switching MOSFET.
Delivering up to 70 watts of output power, the ICs are targeted for
use in 600- and 800-volt battery and fuel-cell electric passenger
vehicles, as well as electric buses, trucks and a wide range of in-
dustrial power applications.

Highly integrated InnoSwitch ICs reduce the number of compo-
nents required to implement a power supply by as much as 50
percent, saving significant circuit-board space, enhancing system
reliability and mitigating component sourcing challenges. Devices
from the InnoSwitch family are now available with a choice of
cost-effective silicon, high-efficiency gallium nitride (GaN) and
high-voltage SiC transistors, permitting designers to optimize their
power solution across a broad range of consumer, computer,
communications, industrial and automotive applications.

Peter Vaughan, director of automotive business development
at Power Integrations, said: “800-volt batteries are becoming
standard for EVs. Multiple vehicle systems are connected to this
powerful electrical source, yet delicate electronic control circuits

require just a few volts for operation and communication. Inno-
Switch devices allow the electronics to safely sip from the firehose
of energy available on the main bus, using minimal board area
and without wasting energy. Most exciting is the opportunity to
dramatically simplify the emergency power supply for the main
traction inverter, which may be called upon at a moment’s notice
to operate from any voltage between 30 volts and 1000 volts. Our
SiC-based InnoSwitch3-AQ devices handle this vast range with
incredible ease.”

www.power.com

Current Sensor in a Laboratory Device

The engineering office Jochen + Georg Frank in Stuttgart was com-
missioned by a manufacturer of laboratory equipment to develop
an electronic control unit for a laboratory device for experiments

with chemical substances. The project involves a boiler, in which

a temperature profile with narrow tolerances must be run over
time. It is heated by a grid fed heating element, which is activated
via a computer output. Since the computer is powered indepen-
dently of the heating system, they need to ensure that the heating
output is actually present. Any unintentional tripping of the heat-
ing circuit fuse or significant deviation from the nominal heating
current must be detected as quickly as possible. Furthermore, the
correct switching of the high-power relay must be monitored.

Angst + Pfister Sensors and Power (APSP) offered the best solution
with a potential-isolating AC current sensor. The simple wiring is

a major plus. A fully insulated conductor of the mains-fed heat-
ing cable is threaded through the current sensor. The current
detection electronics in the control module normalize the sensor
signal. Heating current 0...25A (ACeff) corresponds to 0...2.5Vdc at
an analog input of the control unit. It was possible to implement
the projectin a linear and timely manner thanks to the technical
expertise and project-related support from APSP, including the de-
livery of corresponding sample sensors. The equipment manufac-
turer is pleased to have a simple, inexpensive and robust solution.

https://sensorsandpower.angst-pfister.com
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electrical energy storage

MAY

Europe’s Largest and Most International Exhibition
for Batteries and Energy Storage Systems —

MESSE MUNCHEN, GERMANY 2 O 2 2

Www.ees-europe.com

Production and automation solutions for the storage industry

Access to the world's leading battery manufacturers

Technological innovations and industry trends

For equipment suppliers, factory planners, manufacturers and distributors
Meet 1,450 exhibitors and 50,000+ energy experts at four parallel exhibitions

Part of

THESMarter

EUROPE


https://www.ees-europe.com/start

GaN Power for Solar Power
Higher Efficient « Smaller  Most Reliable

eGaN’ FETs and ICs enable solar micro-inverters and optimizer designs
with increased efficiency and reduced size. With robustness beyond
silicon capabilities, eGaN" devices are the most reliable choice for critical
power systems.

Note:

Scan QR code to
learn more.
bit.ly/EPC2218

epc-co.com


https://epc-co.com/epc/Products/eGaNFETsandICs/EPC2218.aspx
https://epc-co.com/epc/
https://epc-co.com/epc/
https://bit.ly/EPC2218
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