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Take the path
of least resistance

Increase the efficiency of your power electronics systems
with our ultra-low DCR power inductors

Our AGP Family of high current
power inductors feature flat wire
construction for exceptionally low
DC and AC resistance, letting your
power systems run cooler and more
efficiently.

They’re offered with inductance
values as high as 470 pH and
current ratings up to 108 Amps.

AEC

Q200 Grade1

/
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And all AGP Family inductors
meet stringent AEC-Q200 Grade 1
quality standards, making them
suitable for automotive and other
harsh-environment applications.

Visit www.coilcraft.com/AGP to
learn more and arrange a test drive.
Free samples are always just around
the corner!

&/ wilerafidirect.com

WWW.COILCRAFT.COM

@® @ No min order. Next day delivery.
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An easy solution for *
generating complete
power systems

Design your power system in a single location

Just enter a few specs
to design your next Up to 75% faster than traditional methods

power system Easy as entering your input and output
as well as your basic system requirements

Advantages of using the Power System Designer

Easy to use Meet project schedules Achieve power Mitigate risk of
by both novice and quicker and easier system performance power spec changes
expert engineers without trial and error

To find out how to design a power system
in under two minutes using the Vicor
Power System Design Tool, visit V’CDR

vicorpower.com/power-system-designer


http://vicorpower.com/power-system-designer
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FuII Material Declaratlons
Removing Barriers to
Environmental Data
Reporting

Suppliers and customers face challenges when it comes to full
material declaration (FMD) of product content in electronics
(and other industries). Thus, the IPC-1752A Standard was
created, specifying an XML schema for mandatory data. The
article focuses on requirements for tools that enable rapid,
accurate reporting of class D FMDs.

http://www.electronicdesign.com/industrial-automation/full-
material-declarations-removing-barriers-environmental-data-
reporting

Is C the Best Embedded
Programming Language?

C still dominates the embedded programming space, but the In-
ternet of Things has brought Javascript and Python into the fray.
Such exposure to multiple languages can be useful, but does the
language matter? Senior Tech Editor William Wong weighs in.

http://www.electronicdesign.com/embedded-revolution/c-best-
embedded-programming-language

4

Advancing the Artificial Eye
with a Controllable Optical
Metalens

Lenses and their focusing mechanisms tend to be bulky
components in electro-optical systems. To combat that,
researchers used nanoparticles and electrically controlled
elastomers to develop a 30-um-thin metalens that can
dynamically correct for astigmatism, focus, and image shift.

http://www.electronicdesign.com/embedded-revolution/
advancing-artificial-eye-controllable-optical-metalens

The Many Frequencies of 5G
The final standards aren’t set, and we're still in the trial phase,
but it’s certain that speeds will be important in consumer take
up of 5G. Flexible RF transceivers and software-defined-radio
base stations will be key players, making it more cost-effective
to switch capacity from LTE.

http://www.electronicdesign.com/embedded-revolution/many-
frequencies-5g
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(INDUSTRIAL)
& MEDICAL
Modem Modules

Radicom Research has been
building standard and custom
OEM modem modules for
the past 20 years. We offer
fast turn-around times at a
very competitive price.

WiFi 802.11b/g/n
USB & Serial interface:

-40°C to +85°C. operating temp.
Available AP, Router & Device

BLUETOOTH® Modules

Classic & V4.0 BLE

Serial TTL interface

SPP, HID, HCI, A2DP, USB, 12S
-40°Ci to +85°C operating temp.

PSTN Modems

USB, Serial, RS232, ISA, PC104
Leased-line & Dial-up

Medial, Contact ID applications
-40°Ci to +85°C operating temp.

Ethernet Adapters

Serial-to-Ethernet
USB-to-Ethernet
Available IEC60601-1 certified model

YRadicom

Affordable Modem Technology
.
Www.radl.com

modems@radi.com
408-383-9006 x112
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* UL Recognized Components © Easy, safe and quick way of connecting and disconnecting wires ¢ Cost effective PCB connectivity
e Sturdi-Mount features for increased PCB mounting strength © Durable Tin Plating for excellent solderability ® Wide variety of
configurations to suit most applications ¢ Male tab sizes for .110”; .187”; .205”; .250” * Female receptacle sizes for .110”; .187";
.205”% .2507; .312” = Custom terminals can be manufactured to your specifications ® Request Catalog M65
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Gps disciplined 10 MHZz reference ...

.and so much more'!

B GPS/GNSS disciplined 10 MHz The FS740 GPS disciplined10 MHz reference

_ delivers cesium equivalent stability and phase
u TCXO, OCXO or Rb timebase noise at a fraction of the cost.
= Time tagging to GPS and UTC It's host of features includes a 12-digit/s

: . frequency counter, a DDS synthesized source
|
Frequency counter with 12digits/s with adjustable frequency and amplitude,

® Source out: sine, square, triangle & IRIG-B built-in distribution amplifiers, and event
time-tagging with respect to UTC or GPS.

® Built-in distribution amplifiers

. The optional OCXO or rubidium clock (PRS10)
® Ethernet and RS-232 interfaces provide better than —130dBc/Hz phase noise.

FS740 ... $2495 (us.list)
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SRS stanford Research Systems
Tel: (408) 744-9040 + www.thinkSRS.com
www.thinkSRS.com/products/FS740.htm
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Editorial
WILLAM WONG | Senior Technology Editor

bill.wong@informa.com

Wishing
Nancy Well

ancy Friedrich has been the

Executive Director, Con-

tent, Design Engineering &
rci r our group for many years
and is a long-time Penton, now Informa,
alum who is moving on to new projects.
We wish her well, though she will be
missed.

She is the latest of many notable edi-
tors with Electronic Design, including
Joe Desposito, David Bursky, Lucinda
Mattera, and Roger Allan. I worked with
all of them as well as Nancy and found

Nancy Friedrich

GO TO ELECTRONICDESIGN.COM

her to be one of the best at inspiring the
group and leading the way as we tran-
sitioned to our online presence while
delivering our print editions that many
still prefer.

Nancy has a 20-year-plus track record
here, including a stint as technology editor
for Wireless System Design magazine. She
was also Editor-in-Chief of Microwaves
¢ RF magazine that covered the transi-
tion to LTE and now 5G. As Executive
Director, Content, Design Engineering &
Sourcing, she oversaw all of the publica-
tions in our group, including Electronic
Design, Machine Design, Microwaves ¢
RE and Hydraulics & Pneumatics. Man-
aging such a diverse group is not easy, as
most of us are engineers who have taken
up writing as a second career.

Nancy received her Bachelor’s in
English Language and Literature/Let-
ters from Rutgers University. Nancy
said, “When I started my career almost
20 years ago, I was fresh out of college
with dreams of writing the next great
novel or being a college professor. Tak-
ing some time to myself to decide which
path I would take, I started a career in
technical editing and quickly discovered
a different road—one that I never would

JOIN US ONLINE!

have imagined.” We are glad she took
that turn.
Nancy was instrumental in our move

to all our new websites in the group.
They now provide a more consistent pre-
sentation, especially on smartphone and
tablets, which are more popular ways
to consume content these days. We also
started up innovation-destination.com.
This is our new automotive technology
website that presents the latest in self-
driving cars, infotainment, and advanced
driver-assistance systems (ADAS).

Electronic Design has been around a
long time. It started in 1952 and is still
going strong. It has changed substan-
tially from when she started. She now
joins other the editors who have retired
or moved on from our publication.

Karen Field, Executive Director, Con-
tent, has picked up where Nancy left off
as we at Electronic Design continue to
bring the latest in engineering and tech-
nology to our readers. Karen’s leadership
is key to our #fiercelyindependent focus
on delivering the highest-quality techni-
cal content across our publications and
their many outlets, including webinars
and shows such as the new Electronic
Design Connect this fall. &

twitter.com/ElectronicDesgn -1

facebook.com/ElectronicDesign n
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XILINX ADAPTS TO AN ADAPTIVE

Future of Computing

hen he was promoted to

chief executive of Xilinx,
Victor Peng said that the job was a rare
opportunity to capitalize on the funda-
mental changes taking place in comput-
ing. In his previous roles as executive vice
president of product and then briefly chief
operating officer of the FPGA maker, he
became acutely aware of the challenges.

He had overseen the development
of the last three generations of Xilinx
FPGAs and has been working to thrust
them further into the market for accel-
erated computing and artificial intelli-
gence. After two months as C.E.O., Peng
charted a similar course for the San Jose,
California-based company, one focused
on bringing the benefits of program-
mable silicon to the masses.

He announced what he called a com-
pletely new product category called the
adaptive compute acceleration plat-
form (ACAP). These heterogenous
multicore chips can be programmed to
accelerate a wide range of tasks, giving
them similarities to traditional FPGAs.
But users can program ACAPs with-
out going into the guts of the hardware.
They can use a software language like
Python instead.

Peng also announced a new strat-
egy that doubles down on data cen-
ters, where Xilinx has pushed FPGAs
to accelerate applications ranging from
machine learning tasks like image rec-
ognition to processing human genomes
in minutes versus days. The company’s
FPGAs can also be used in server stor-
age and networking.

10

The central component of that strat-
egy is the ACAP and the first processor
family based on the technology, code-
named Everest. The company said that
the Everest line of chips can accelerate
machine learning tasks with better per-
formance-per-watt than general pur-
pose chips like CPUs and GPUs, which
are the current gold standard.

“While FPGA and Zynq SoC tech-
nologies are still core to our business,
Xilinx is not just an FPGA company
anymore,” Peng said. With Everest,
which will be first manufactured with
7-nanometer technology and released
next year, Xilinx is trying to build
momentum with cloud giants offering
its chips like Amazon, Baidu, TenCent,
and Alibaba.

Xilinx is also trying to become more
than a peripheral player in machine
learning chips. The benefit of program-
mable logic is that it can be customized
for specific algorithms and altered as
algorithms change. It is the opposite of
an ASIC, which trades flexibility for per-
formance. Xilinx is targeting the infer-
ence side of machine learning, not train-
ing, where Nvidia GPUs excel.

The race to artificial intelligence, and
the slowing of the Moore’s Law, the chip
industry’s economic engine for decades,
has made the development of chips a
high stakes game. Nvidia is spending
billions into to hold onto its dominant
lead in machine learning chips. Other
companies, including startups as well
as Google and Microsoft, are either try-
ing to muscle into the business or wean

themselves off Nvidia.

And yet no one knows what the future
of computing will look like and what
combination of processors will ulti-
mately be installed in things like wire-
less sensors monitoring a factory floor,
gateways that pool information from
them, and the data centers where it is
all analyzed. How important will CPU,
GPU, FPGA, DSP, ASIC, or ACAP accel-
erators be? It’s still early.

Traditionally, the FPGA has been a
bulky and expensive slab of hardware
suited for aerospace, industrial, medical,
test and measurement, and other mar-
kets. These chips are divided into sepa-
rate routing and logic blocks arranged in
a checkerboard pattern, and program-
mers tie together the individual cells
based on the workload.

Xilinx said that ACAP devices lower
the bar for that type of programming.
“We want to increase the number of
users on our products by an order of
magnitude,” Peng said in a recent con-
ference call with reporters. “There are
easily a thousand times more software
developers than there are FPGA devel-
opers”

Everest, and any other accelerator
based on ACAP technology, will include
a next generation FPGA and a software
programmable, yet hardware adaptable,
compute engine based on a new archi-
tecture that the company has declined
to discuss in more detail. The parts will
be connected to highly integrated pro-
grammable I/O blocks with a network-
on-a-chip system.

(Continued on page 28)
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Fast Pulse Test Systems from Avtech

Avtech offers over 500 standard models of high-speed pulsers,
drivers, and amplifiers ideal for both R&D and automated
factory-floor testing. Some of our standard models include:

AVR-E3-B: 500 ps rise time,
100 Volt pulser

AVRQ-5-B: Optocoupler CMTI
tests, >120 kV/us

AVO0-8D3-B:500 Amp, 50 Volt
pulser |_jtFa30Ps
AV-1010-B: General purpose S e—Tosemee—
100V, 1 MHz j \X
pulser 50 V/DIV
-9A-B: 5 ns/DIV
AVO-9A-B: 200 ps.tr, 200'mA il
laser diode driver

AV-156F-B: 10 Amp current
pulser for airbag
initiator tests

Nanosecond Electronics
Since 1975
Pricing, manuals, datasheets and test results at:
www.avtechpulse.com
AVTECH ELECTROSYSTEMS LTD.
Tel: +1-613-686-6675 Fax: +1-613-686-6679
info@avtechpulse.com

High Output - Low Risetime Pulsers

from Avtech

Sub-nanosecond rise time pulsers
for every amplitude range!

Model AVP-3SA-C provides up to
10V with < 50 ps rise times.
«— Typical waveform, 50 ps/div, 5V/div.

At the other extreme,
Model AVI-V-HV2A-B provides
up to 100V with < 300 ps rise times.

Ampl trISE Max. PRF  Model

100 vV 500 ps 0.1 MHz  AVR-E3-B

100 V 300 ps 0.02 MHz AVI-V-HV2A-B
50V 500 ps 1MHz  AVR-E5-B
20V 200 ps 10 MHz AVMR-2D-B
15V 100 ps 25MHz  AVM-2-C
15V 150 ps 200 MHz AVN-3-C
10V 100 ps 1MHz  AVP-AV-1-B
10V 50 ps 1 MHz AVP-3SA-C

5V 40 ps 1 MHz AVP-2SA-C

Nanosecond Electronics
Since 1975
Pricing, manuals, datasheets and test results at:
www.avtechpulse.com/
AVTECH ELECTROSYSTEMS LTD.
Tel: +1-613-686-6675 Fax: +1-613-686-6679
info@avtechpulse.com

Pulsed Laser Diode Drivers
from Avtech

Each of the 19 models in the
Avtech AVO-9 Series of pulsed
laser diode drivers includes a
replaceable output module with b W
an ultra-high-speed socket,
suitable for use with
sub-nanosecond pulses.

|40 mADIV
1 ns/DIV
Models with maximum pulse |
currents of 0.1A to 10A are s
available, with pulse widths : / !
from 400 ps to 1 us.

GPIB, RS-232, and Ethernet

control available.

Nanosecond Electronics
Since 1975

Pricing, manuals, datasheets and test results at:
www.avtechpulse.com/laser
AVTECH ELECTROSYSTEMS LTD.
Tel: +1-613-686-6675 Fax: +1-613-686-6679
info@avtechpulse.com

" Model AVO-9A-B

100 to 1000 Volt Lab Pulsers

Avtech offers a full line of 100,
200, 500, 700 and 1000 Volt
user-friendly pulsers capable
of driving impedances of 50 Q
and higher. The AVR Series is
suitable for semiconductor and
laser diode characterization,
time-of-flight applications,
attenuator testing, and other
applications requiring 10, 20,
or 50 ns rise times, pulse
widths from 100 ns to 100 us,
and PRFs up to 100 kHz.
GPIB & RS-232 ports are
standard, VXI Ethernet is

optional.
|

Nanosecond Electronics
Since 1975
Pricing, manuals, datasheets and test results at:
www.avtechpulse.com/medium
AVTECH ELECTROSYSTEMS LTD.
Tel: +1-613-686-6675 Fax: +1-613-686-6679
info@avtechpulse.com
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Automotive Technology
WILLIAM WONG | Senior Technology Editor

Automakers:
Manage Connected-Car
Data Before It Manages You

Technology Editor Bill Wong talks with Dan Gittleman, CEO of Xevo, about how
manufacturers must address the influx of data in the connected car through proper

management techniques.

The Xevo Carware Intelligent Edge (XE) data-centric platform.

ars now generate an enor-

mous amount of data every

day. As vehicles become

more complex, the amount
of information is expected to severely
strain data networks and cloud infra-
structure, creating a serious need for a
new network and computing infrastruc-
ture solution.

Xevo's expertise is in the data-driven
automotive user experience. I talked
with Dan Gittleman, CEO of Xevo,
who shared his take on the solutions
that automakers can incorporate
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into their vehicles to keep everything
running normally, even with the ever-
increasing amount of connected-car
data.

There’s a lot of buzz these days
around the increase in data from con-
nected cars. How much data are we
talking about?

Estimates say that the amount of data
transferred between connected cars and
the cloud will experience a 10,000-fold
increase, likely reaching 10 exabytes per
month by 2025.

Is there a way to help the network
process all of this new data?

Automotive OEMs and automobile
designers can ease the impact of this
huge data increase by incorporating
technology that combines cloud services
and in-car computing power, so that
even as the amount of data increases,
devices and vehicle software will
continue to function and communicate
normally.

That sounds great—how can design-
ers make that happen?

The first step is to implement a data-
centric technology solution, like our
Journeyware platform. Journeyware
combines cloud-based machine learn-
ing, artificial intelligence, and power-
ful data-analysis tools with in-vehicle
data processing tools to acquire, man-
age, analyze, and distribute the massive,
diverse data flows generated by con-
nected cars. The solution leverages these
advanced technologies, integrating
in-car computing with cloud services,
to optimize networking and comput-
ing between vehicle head units, mobile
devices, and the cloud.

What is distributed processing?

Distributed processing manages and
categorizes car-generated data by “tri-
aging” it. In other words, it determines
which information can be processed in
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the car, and what needs to be addressed
in the cloud. Any data that can be pro-
cessed in the car stays “local”—it’s not
unnecessarily sent to the cloud, which
helps to conserve network resources.
Managing the data like this also reduces
network congestion by decreasing the
overall amount of data being trans-
ferred, and improves cloud platform
efficiency by removing unnecessary
data processing.

What happens to the data once it’s
been triaged?

That’s where Journeyware’s customiz-
able “rules” about data collection and
storage come in. These policies ensure
that the highest priority data always
receives the highest-priority treatment,
by enabling the software to determine
which data to collect, what to store in
the car, and which information should
be sent to the cloud. It’s like collecting
video data only in specific locations
under certain conditions or on an inter-
mittent basis, and storing some data
permanently in the car.

For example, an engineer could set
up the system so that data is only stored
permanently in the car or uploaded to
the cloud if certain events happen, such
as cars in a certain area that slow down
suddenly, or a cluster of vehicles whose
windshield wipers all go on at the same
time. The policies create an effective
framework for managing the informa-
tion, and reduce the overall amount of
data that requires processing, which
helps prevent the network from getting
overworked.

Storage seems like it could be a
mammoth task. How does your soft-
ware solution address it?

The system tackles the storage chal-
lenge using a few different rules. It deter-
mines whether the information should
be saved temporarily or permanently,
and if it will be stored in the car or sent
to the cloud. For information that goes
to the cloud, it decides which data to
store for quick analysis and what needs

GO TO ELECTRONICDESIGN.COM

to be stored, but likely won't be accessed
very often (known as “inactive” data in
“cold storage”), then specifies how data
will be accessed when it is needed.

Using a combination of policies and
criteria to manage and sort the data as
it’s generated, and distributing the data
according to temporary-vs.-permanent
and local-vs.-cloud storage, allows auto-
motive designers to proactively address
the rapidly growing quantity of informa-
tion from connected cars. This helps to
ensure that devices and software con-
tinue to function correctly.

Can cell phones and mobile devices
strain the network?

Yes. Consumer devices—phones and
tablets, and even the apps that run on
them—can affect the network. People
expect the same functionality from their
devices when they’re in the car as they do
in all other areas of their lives. A hardware
and software solution that supports Blue-
tooth pairing and in-car Wi-Fi network
hosting gives devices more than one way
to connect to the network and receive
information. This means resources can
be distributed and conserved effectively,
and that all of our phones and “toys” will
work normally while on the go.

Overall, the increase in connected-
car data warrants automakers’ attention.
Incorporating a solution that employs
smart data collection and retention,
with a focus on policies and criteria and
in-vehicle management of consumer
devices, addresses many of the poten-
tial bandwidth issues created by the
influx of data. By designing their vehi-
cles to include such a solution, OEMs
can increase consumer satisfaction and
brand loyalty by delivering what con-
sumers want from their vehicles. &2l

DAN GITTLEMAN is the CEO at Xevo
Inc., a global leader in data-driven user
experiences, with the world’s largest loT
deployment in the automotive industry.
He previously founded OpenPeak as well
as RAID Power Services Inc. (which was
rebranded in 2000 as StorageApps).

www.pololu.com

kiPololu

Robotics & Electronics

Robot Platforms

Robot Parts

gearmotors

%

encoders

... and much more!

13


http://www.pololu.com
http://electronicdesign.com

Industry Trends

STEVEN LEE | Application Engineer, Keysight Technologies Inc.

What Can You Expect from
the New Generation of

POWER

SUPPLIES?Y

Today’s power supplies do
more than deliver clean
and stable dc power on a
daily basis—they provide
advanced capabilities

that can save you time and
money.

ecause today’s designs
place higher demands on
the systems that power
them, newer—generation
bench power supplies are packed with
very useful features that help engineers
address those problems much earlier
in the design process. This includes
controlling multiple power-supply
voltage sequences, measuring wide
dynamic ranges of current, and varying
the speed of the power-supply voltage to
reflect real circuit characteristics.
Underlying all of this, bench power
supplies need to be easy to use, deliver
clean and stable dc power, and protect
themselves and the development board
(or DUT). It’s not uncommon for bench
power supplies to also be used in auto-
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mated systems, so modern I/O connec-
tivity might be another important con-
sideration.

This article delves into problems that
the new generation of power supplies
(Fig. 1) can uniquely solve, and factors to
consider when specifying or purchasing
a power supply.

DESIGN TOPOLOGY: LINEARYVS.
SWITCHER

A fundamental requirement of a
power supply is an output signal with a

1. Shown are
Keysight’s E36300
Series triple-output

dc power supplies.

high level of signal integrity, especially
when working on a delicate design.
The design topology of a power sup-
ply can tell you a lot about its signal
integrity.

Generally, dc power supplies are
developed with either linear or switch-
mode technology, each offering differ-
ent advantages. Linear power supplies
tend to have low output noise, fast tran-
sient response, and high programming
speed. However, they also come with
a series of disadvantages, such as low
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Power Supplies

ore and more applications require low current measurements
such as idle/standby current on devices while in a low-
current consumption state. These measurements can only be made with a
power supply that accurately measures low-current values. Newer power
supplies can measure dc current in the 100-pA range. However, be sure
to check the datasheet for accuracy of measurement specifications at that

range.

efficiency, more cooling, higher level of low-frequency mag-
netic radiation, and (usually) larger-sized.

Switch-mode power supplies are typically smaller in size,
provide higher efficiency, and require less cooling. Some
of the disadvantages include slower transient response
and higher output noise. However, design advances are
enabling the newer generation of switch-mode power sup-
plies to perform just as well as linear power supplies in
those areas.

Newer bench power supplies provide the best of both topol-
ogies. To achieve higher power in a smaller package, Keysight
combined a linear output stage with a phase-controlled pre-
regulator. Some of the benefits of this approach are better
efficiency, double the output power, and lower acoustic fan
noise (Fig. 2).

Linear topology

inctiyy gy
Switched mode (SMPS)

O T

2. This simplified block diagram represents the design topology

between linear and switching power supplies.

HIGH- AND LOW-CURRENT MEASUREMENTS

More and more applications require low current measure-
ments such as idle/standby current on devices while in a
low-current consumption state. These measurements can
only be made with a power supply that accurately measures
low-current values. Newer power supplies can measure dc
current in the 100-pA range. However, be sure to check the
datasheet for accuracy of measurement specifications at that
range.
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There may also be situations when more current is needed
than can be provided by an older dc bench power supply.
Newer bench supplies come with a built-in auto-parallel-
mode capability that allows the engineer to combine two
channels into a single, higher-current dc output channel rated
as high as 25 V and 4 A. This eliminates the need to find and
add another power supply into the test design. In a way, new
bench power supplies with auto-parallel capability perform
the work of two power supplies.

ADVANCED CAPABILITIES

Modern bench power designs fully take advantage of the
latest graphical displays, microprocessors, and FPGAs. Thus,
many advanced capabilities are built-into newer power sup-
plies to save you time and money.

One example is the ability to synchronize multiple outputs
on a power supply. Without this feature, a design engineer
could spend hours writing code to perform this synchroni-
zation. Another example is the ability to create a dynamic
user-defined output signal on a power supply to eliminate the
need of a second setup requiring additional programming
and instrumentation (Fig. 3). With these and other advanced
features, you will use less test equipment, set up tests faster and
more simply, and reduce test setup errors—all of which save
time and money.

0:30.00

Logging Done

default.dlog
*<-USB

00:00:30.00 ¥
Back

¢ -00:00:10.00 00:00:10.00
Waveform Run P t Auto
Settings | Stopped roperties - geale

3. In Data Logger view, you can log data on multiple traces. Here,
the voltage of output 1, output 2, and output 3 are captured over 30
seconds.
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PROTECTION AND SAFETY FEATURES

When dealing with power, protection and safety come first.
When a device fails, or goes up in smoke, it may be catastroph-
ic. It’s not only important for the power supply to protect itself,
but also protect the device under test (DUT) and the operator.
When a DUT fault occurs, protection circuits in the power
supply can limit the voltage, limit the current, and shut off all
outputs with a single button push.

For example, the E36300 Series from Keysight integrates
overvoltage, overcurrent, and over-temperature protection to
prevent damage to the DUT. One push of a button on the front
panel can shut down all power-supply outputs.

ENHANCED USER EXPERIENCE

An intuitive user interface that allows you to easily navi-
gate, control, and track each channel is another important
feature with the latest power supplies. Equally important is
a large graphical display that lets you see all of the output
channels at the same time. With newer power supplies, you
can set up advanced capabilities like remote sense, auto-par-
allel/auto-series, tracking mode, voltage sequencing, voltage
steps, and data logging of V/I pairs over time with one push
of a button.

In addition, modern I/O control such as built-in USB and
LAN is typically available in modern power supplies. Support
software can simplify automated measurement setup, record-
ing, and analysis.

It’s convenient to be able to see all channel readings and
settings on the same screen (Fig. 4). This may not be obvious,
since many of the older power supplies make the user toggle
back and forth to compare the channel setting and the reading.

0.608 v
-0.045mA
0.000 w

S 0.000 B
| 5.000] A

4. The user can view details of a single channel, including the mea-

OVP 6.600 V
OCP On

2139 V
0.328mA

Delay
OCP 0.050s
On 0.000s

OFF Off 0.000s

" Source’

Lac
|| Unlock

sured power, OVP/OCP condition, and delays.

Solid State Relays and Contactors v

Chassis mount solid state relays (SSRs) available in
one, two or three pole switching designs. Single
phase types up to 125 amps, two pole types up
to 75 amps and three phase types up to 75 amps.
Also offered in our new slim-line design (up to 90
amps) and compact fast-on type (up to 25 amps).

DIN rail or chassis mount solid state contactors and
SSRs which are UL508 rated for motor loads, and
feature integrated heat sinks, fans and large load
terminals. Designed for switching single phase loads
up to 85 amps (15 Hp) and two or three pole types for
switching up to 75 amps per phase (25 Hp).

Specialty SSRs for your growing demands:
System Monitoring SSR for line /load voltage and
load current, fused SSRs provide more protection,
and 1, 2 and 3 pole proportional controllers with
several switching modes: phase angle, distributed
burst (1, 4 or 16 cycle), or soft start.

Carlo Gavazzi is one of the fastest growing SSR manufacturers worldwide!
Contact us if you’re interested in a free evaluation sample (qualified OEMs only).

GavazziOnline.com ® 847.465.6100 ¢ Info@CarloGavazzi.com
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Power Supplies

nfortunately, no standards have been established for power-sup-

ply datasheet specifications. Descriptions of the specification, as
well as the specifications themselves, are determined by the manufacturer
and will vary from one manufacturer to another. It’s also at the manufac-
turer’s discretion whether a characteristic is even specified. Some vendors

specify more than others.

Newer power supplies make this information available on the
same screen.

PERFORMANCE CHARACTERISTICS

Unfortunately, no standards have been established for pow-
er-supply datasheet specifications. Descriptions of the specifi-
cation, as well as the specifications themselves, are determined
by the manufacturer and will vary from one manufacturer to
another. It’s also at the manufacturer’s discretion whether a
characteristic is even specified. Some vendors specify more
than others. Texas Instruments’ experts wrote an application
note, titled How to Read Your Power Supply’s Data Sheet,
to help you better understand power-supply datasheets and

evaluate which power supply best meets your needs.

TOTAL COST OF OWNERSHIP

The cost of an instrument includes the initial purchase price,
as well as ongoing maintenance expenses plus the opportu-
nity cost of downtime for calibration and repairs. Look for a
manufacturer that will provide worldwide maintenance and
support, a dedicated support team, and a solid track record for
delivering products that last for 20 years or more. &=l

FOR MORE information, visit www.keysight.com/find/E36300, or
check out the application note “Seven Ways to Speed Up Your
Testing with a Modern DC Bench Power Supply.”

High Voltage High Frequency Power MIOSFETs and Drivers
Optimized for high speed and high power applications

Power MOSFETs:

DE-Series

DE275X2-Series

TO-247

RF Power Modules

High Power 100V to 1200V devices
Low-Inductance DE-Series and industry-standard package styles
Optimized for:

e |SM band RF generators and amplifiers
e High voltage pulse generators and pulsed laser diode drivers
e Switched-mode and resonant-mode HF power supplies

Gate Drivers:
Class D and E HF RF and other high speed switch applications
Up to 30A peak current, ultra-fast rise times

RF Power Modules:
Integrated gate driver and MOSFET in a low-inductance package
500V and 1000V configurations
Designed for Class D, E, HF, and RF applications at up to 27 MHz

1609 Oakridge Drive, Suite 100 Evaluation boards to
Fort Collins, Colorado 80525 USA

TEL +1-970-493-1901 sales@ixyscolorado.com

[XYS

COLORADO

simplify your application

design and development
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Product Trends
WILLIAM WONG | Senior Technology Editor

M.2, NVMe Bring
Performance and

Capacity to Modules
and Motherboards

M.2 and NVMe are starting to show up in
embedded modules and motherboards,
allowing them to be more compact while
delivering high performance storage.

he M.2 memory and peripheral expansion form

factor is very popular in PC motherboards and
mobile devices like laptops where compact stor-
age is a requirement. It is also starting to show
up bedded motherboards and modules like Diamond
Systems” Zeta COM Express Type 10 SBC family (Fig. 1). The
Zeta 84- by 55-mm stack actually has a heat spreader on the
bottom with the COM Express module in the middle. The
white connector on the top carrier board provides a stackable
expansion, such as Diamond Systems’ expansion board with
the M.2 and Mini-PCle sockets.

The Zeta COM Express supports up to 8 GB of RAM and
a 1.1 GHz, quad core, Intel Apollo Lake N4200 processor.
The fanless design has a —40 to +85°C operating temperature
range. The main carrier board includes a 16-channel, 16-bit
ADC and a four-channel, 16-bit DAC in addition to connec-
tors for dual gigabit Ethernet, GPIO, four serial ports, an SD
card socket, and a Mini-PCle socket.

Mini-PCle has become a popular peripheral expansion
option for embedded systems. Mini-PCle cards are available
with everything from ADCs to motor control. Of course, there
are plenty of wireless options as well. The M.2 form factor can
also be used for peripherals, but it is primarily being used for
storage. The M.2 B Key provides support for x2 PCI Express
(PCle), SATA, USB 2.0 and 3.0, audio, UIM, HSIC, SSIC, I2C,

20

1. Diamond Systems’ Zeta COM Express SBC family can work with
carrier boards that include Mini-PCle and M.2.

2. Supermicro’s 5019D-FN8TP system has a motherboard with an M.2
B Key socket and Mini-PCle socket that includes mSATA support.
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and SMBus. The M.2 M Key provides
x4 PCle, SATA, and SMBus. NVMe can
work with any PCle interface.

Super Micro Computer’s
5019D-FNS8TP (Fig. 2), which is built
around the X11SDV-8C-TP8F mother-
board, runs an 80W, 8-core/16-thread,
Intel Xeon-D D-2146NT processor with
up to 512 GB of EDD LRDIMM mem-
ory. It targets applications like network
appliances, digital signage, and IoT
servers. It can handle a pair of 3.5-in.
drives or four 2.5-in. drives.

For expansion, the motherboard has
a M.2 M Key socket for storage, an M.2
B Key socket that can be used for stor-
age or wireless network cards, and a
Mini-PCle socket with mSATA support.
There is also a x8 PCle slot. The system
has four 1-Gigabit Ethernet ports, two
10GBase-T ports, and two 10G SFP+
ports. It has a dozen SATA 3 ports, too.

M.2 may eventually be the form factor
of choice for peripheral expansion, but

gz
i
E+4

3. Some examples of rugged Mini-PCle
adapters including Connect Tech’s 16-
channel, 16-bit ADC (a) and VersalLogic’s
Advanced GPS controller (b).

GO TO ELECTRONICDESIGN.COM

for now it tends to be limited to stor-
age and some wireless interfaces. Mini-
PCle is the form factor where there are

many options for interface cards. Most
Mini-PCle solid-state drives are mSATA
devices that use a SATA interface. In

FREE BUT PRIGELESS SERVICES
FOR YOUR PGB FABRICATION

We are a China-based custom PCB fabrication
service provider with over 10 years' experience.
Except for full feature manufacturing capabilities,
we also have multiple free but priceless services
to ensure you get superior PCBs within budget!

= |nstant Online Quotation

Advice on Cost Reduction

CB panelization

WWW.PCBCART.COM
SALES@PCBCART.COM
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Custom Optoelectronic
Sensors Assemblies

Simplified. Reliable. Customizable.

Wiring Harness & Connectorization

Let us solve your optical sensing challenges.

TT Electronics
1645 Wallace Drive
Carrollton, TX 75006
(972) 323-2200
www.ttelectronics.com
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M.2 and NVMe

ne challenge for

embedded developers
is finding devices that meet their
ruggedness requirements. M.2
devices and even many Mini-PCle
devices are designed for PCs or
other applications that are not as
demanding.

theory, an NVMe Mini-PCle card could be created, but most
NVMe cards are implemented as M.2 devices. The x1 or x4
PCle interfaces are the most common.

One challenge for embedded developers is finding devices
that meet their ruggedness requirements. M.2 devices and
even many Mini-PCle devices are designed for PCs or other

applications that are not as demanding. Luckily, most Mini-
PCle peripheral cards are designed with embedded appli-
cations in mind (Fig. 3). Connect Tech’s 16-channel, 16-bit
ADC operates at 500 ksamples/s. VersaLogic’s Advanced GPS
controller has an on-board battery to maintain satellite posi-
tion data to support fast restart of the GPS chip. Both support
an extended industrial temperature range of —40°C to +85°C.

4. Examples of M.2 devices include Advantech’s LoRA wireless
adapter (a) and Virtium’s family of rugged M.2 storage (b).

Likewise, more M.2 devices that meet embedded tempera-
ture and ruggedness are becoming available (Fig 4). Advantech
supports LORAWAN, a long-range, low-speed wireless proto-
col using its M.2 adapter. Virtium’s StorFly family of M.2 flash
cards highlight rugged memory devices that are available. This
includes SLC, iMLC, and MLC options as embedded applica-
tions often have different requirements for endurance and
capacity. These cards are also designed for industrial tempera-
ture ranges. B2l
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Engineering Essentials
TIEN SHIAH | Memory Product Marketing, Samsung Semiconductor Inc.

High Bandwidth Memory:

THE GREAT
AWAKENING

We’re entering a historic new era in artificial
O intelligence, driven by advances in deep learning, and
HBM is critical to making it all happen.
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rtificial intelligence
(AI) is fast becom-
ing one of the most
important areas of
digital expansion in history. The CEO
of Applied Materials recently stated

METHODS USED IN AI

The fastest-advancing area within Al
has been machine learning, and more
specifically, deep learning. Deep learn-
ing is a subset of machine-learning
methods based on learning data repre-

sentations, as opposed to task-specific
algorithms. In the past, Al used hand-
coded “rules” to make decisions. This
had very limited success.

A breakthrough came five years
ago when deep-learning techniques

that “the war” for Al leadership will be

the “biggest battle of our lifetime.”! Al
promises to transform almost every
industry, including healthcare (diagno- '
sis, treatments), automotive (autono- re a e v 0 “ r 0w Il

|

mous driving), manufacturing (robot
assembly), and retail (purchasing assis-

tance). 12V, 24V or 36V

Although the field of AI has been
around since the 1950s, it was not until
very recently that computing power and i
the methods used in Al have reached a
tipping point for major disruption and s
rapid advancement. Both of these areas 12V, 24V or 36V || iBANonisolated ! !
have a tremendous need for much high- Bulk Supply : : & bl
er memory bandwidth.
COMPUTING POWER ) iBANoniso i

lated | |
. L 12v

Those familiar with computing :

hardware understand that CPUs have

become faster by increasing clock

speeds with each product generation.
However, as material physics will tell
you, we've reached a limit as to how far
we can go to improve performance by

increasing clock speeds. Instead, the
industry has shifted toward multicore
architectures—processors operating in
parallel.

Modern data-center CPUs now fea-

16A SERIES

250W, 3.3 to 24V 14A Output Non-Isolated Converters

4 Only 1.2 in? Board Space

ture up to 32 cores. GPUs, tradition-
The i6A is ideal for creating additional high power output
voltages from a single output AC-DC supply. Rated at 250W,
this 14A step-down converter can be adjusted across a 3.3V
to 24V output, accepting a wide 9 to 40Vdc input.

ally used for graphics applications, were
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growing demand for data to be fed into hitp://us.idk-lambda.com/lp/products/i6A-series.htm
these cores to keep them active—driv-
For more information on how TDK-Lambda can help you
power your unique applications, visit our web site at
www.us.tdk-lambda.com

or call 1-800-LAMBDA-4

ing the need for much greater memory
bandwidth.
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Artificial Intelligence

(using deep neural networks, or DNN)
were implemented. Google Translate,
for one, became much more accurate
when Google deployed a DNN plat-
form last year, yielding more improve-
ments than in the previously 10 years
combined. Moreover, as shown in
Figure 1, image recognition improved

dramatically when DNNs have been
applied versus previous hand-coded
techniques.

DNN involves training machines with
vast amounts of data. Once trained, an
Al system is able to make better predic-
tions based on new input. This train-
ing process involves millions of matrix
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multiplications, a task that’s more suited
for parallel, multicore compute architec-
tures. This is why much greater memory
bandwidth is needed for AL

THE NEED FOR HIGH BANDWIDTH
MEMORY

The main memory used in today’s
computers is DRAM (dynamic random
access memory), which has a top sys-
tem memory bandwidth of 136 GB/s.
GPUgs, by their multicore nature, utilize
a special form of DRAM called GDDR
(graphics double-data-rate DRAM)
that can deliver system bandwidth at
up to 384 GB/s. But the data-hungry,
multicore nature of the processing units
needed for machine learning requires
even greater memory bandwidth to feed
the processing cores with data. This is
where high bandwidth memory (HBM)
is beginning to make a critical contribu-
tion that will grow by orders of magni-
tude over the next several years.

HBM is a specialized form of stacked
DRAM that’s integrated with processing
units to increase speed while reducing
latency, power, and size. These stacks
are known as memory “cubes,” each of
which can have up to eight DRAM die.

HBM is now an industry standard
via JEDEC (Joint Electron Device
Engineering Council) and its cur-
rent iteration, HBM2, can support 8
GB of memory per cube at 256-GB/s
throughput. This will improve system
performance and increase energy effi-
ciency, enhancing the overall effective-
ness of data-intensive, high-volume
applications that depend on machine
learning, parallel computing,and
graphics rendering.

When four HBM2 cubes per proces-
sor are interconnected through use of
a silicon interposer, that configuration
will provide 32 GB of memory with a
bandwidth of 1 TB/s. Figure 2 provides
an example of an HBM structure, as well
as how it connects to a processor.

HBM is continuing to rapidly evolve
to meet the needs of machine learning.
The technology has already gained
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significant traction in the market, going from virtually
no revenue a couple of years ago to what will likely be bil-
lions of dollars over the next few years. The next iteration,
expected to become available in about three years, is now
projected to enable a system bandwidth of 512 GB/s per
cube. Figure 3 compares the memory bandwidth that’s
anticipated with HBM technology to that of GDDR, the
next fastest memory.

Microsoft, Google
3.5% error rate
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1. Deep neural networks improve the accuracy that’s vital in
computer-vision systems. (Source: Nvidia, FMS 2017)

Processor HBM

2. Shown is how a high-bandwidth-memory structure connects to

processor. (Source: Samsung)

SMARTER, FASTER NETWORKS

Not only is HBM being used to increase the speed at which
local data is fed to processors, designers are also looking at
ways to leverage it to speed movement of data between com-
puting systems.

HBM2 is being designed into high-end switching ASICs
(application-specific integrated circuits) that can operate at
terabit speeds, to create a significant edge in routing perfor-
mance. On top of that, new breeds of data-center ASICs used
in servers are leveraging HBM, suggesting routing capability
much closer to the optimum Al compute node than tradition-
al networks. Expect smarter, faster networks in the near future
that will play a pivotal role in the life-enhancing expansion of
machine intelligence.
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Artificial Intelligence
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3. The graph tracks memory bandwidth progression over time, and
how HBM stacks up against GDDR and DDR in the coming years.

(Source: Samsung)

DOORWAY TO DEEP LEARNING

We are in the “gold rush” era of AL Recent developments
in deep neural networks are enabling major improvements in
usable machine intelligence across the globe. Computer vision
has already reached a milestone now that machines are able to,

on their own, learn how to recognize a cat just by being given
lots of images—without needing to know the distinguishing
features of a cat.

Computer vision and language represent the tip of the
iceberg. Other applications leveraging machine intelligence
range from high-frequency trading in the financial sector to
tailoring product recommendations in eCommerce.

HBM is an essential technology to drive the Al revolution.
Entire industries are about to be transformed, creating huge
opportunities now for businesses that stay ahead of the curve.
Make no mistake—the technology is complex. Only a couple
of today’s vendors are able to supply HBM2 memory in vol-
ume, as well as possess the expertise to provide future AI/HPC
generations with increasing speeds and densities that will meet
the growing market demand for deep learning.

However, that’s sufficient to move us into the world of
Al in grand fashion. When the stakes are this high, leading
corporations know to obtain the memory technology that
will give their Al-impacted, networked systems the most
competitive edge. Bl

REFERENCE
1. Interview with Jim Cramer, CNBC, 9/28/17.

(Continued from page 10)

That allows Everest and other ACAP devices to be pro-
grammed with more flexibility than FPGAs, the company said.
The I/0 functionality ranges from high bandwidth memory to
advanced SerDes technology, which the company recently
pushed to 56 gigabits per second and plans to boost further in
the next few years.

The chip can be programmed with software languages
including Python and OpenCL, the company said. “Simply
dropping an FPGA block into an ASIC design doesn’t really
bring anything new and different to the game, but Xilinx
designed a lot of flexibility into the rest of the ACAP design,”
said Paul Teich, an analyst with Tirias Research.

Reducing the programming complexity also allows the
hardware to be altered faster and conform to different work-
loads more dynamically. “Although compiling an application
to accelerate a workload can take second, minutes or hours,
dynamically swapping the combined binaries takes millisec-
onds,” a Xilinx spokesperson told Electronic Design.

“We are talking about data centers being able to program
their servers to change workloads depending upon compute
demands, like video transcoding during the day and then
image recognition at night,” said Patrick Moorhead, founder of
technology research firm Moor Insights & Strategy.

Xilinx said that the Everest line of chips would scale to
devices with 50 billion transistors. The 7nm processor pro-
vides 20 times better performance on machine learning work-
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loads than 16nm Virtex FPGAs. The company also said that
radios based on Everest would have four times the bandwidth
of radios based on 16nm technology.

The company has not yet benchmarked the Everest accel-
erator against GPUs but claimed that it would provide up to a
hundred times the performance of CPUs. The company plans
to tape out Everest with Taiwan Semiconductor Manufactur-
ing Corporation before the end of the year, with customer
shipments scheduled for next year.

Xilinx has been working to tune its products for data cen-
ters. Before he was promoted to chief executive, Peng pushed
the company to release software libraries that can accelerate
image recognition on its hardware. The company also moved
to integrate SoCs onto programmable dies and partner on the
development of the Cache Coherent Interconnect for Accelera-
tors, or CCIX.

Xilinx said that Everest would be essential to helping it push
further into data centers. The ACAP architecture “is likely
to give the cloud giants more of what they want from FPGA-
based hardware platforms,” said Teich. “Xilinx didn’t design
ACAP in a vacuum - early software tools are available to stra-
tegic customers.” A spokesperson declined to comment on the
identity of these customers.

And the programming tools for Everest should move even
further up the software stack. “Fundamentally, there is a cap
on the number of programmers who can understand mas-
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sively parallel programming,” said Teich. “It requires thinking
differently. Everyone in the industry is trying to develop soft-
ware tools to hide that complexity from most programmers,
who just want to simulate things and look for patterns in data.”

That was the same thinking behind the devleopment of
TensorFlow, Caffe and other machine learning libraries. That
type of software has been an equalizer in the machine learning
hardware space as startups like Graphcore and Wave Comput-
ing can focus on the development of compilers rather than an
expansive ecosystem on par with Nvidia’s Cuda platform.

Peng said Xilinx is also working on integration with Tensor-
Flow, Caffe and other frameworks.

Every chip maker targeting artificial intelligence is spending
lavishly. Xilinx poured more than a billion dollars over four
years — almost half the company’s $2.15 billion in research and
development expenses from 2014 to 2017 — and more than a
tenth of its $9.32 billion in revenue over the same span - into
roughly 1,500 employees that worked on the ACAP and Everest.

The expense underlines the lengths that companies are
going to develop machine learning chips. Jensen Huang, Nvid-
ia’s chief executive officer, has said that it cost $3 billion to
create the company’s Volta architecture. Volta graphics chips
contain custom tensor cores that accelerate the matrix multi-

plications used in deep learning.

€] saw immediately the advantage
easy integration, zero maintenanc
and higher productivity.””

Cyril Hogard, Plant Manager, Continentalutomotive Spain

Universal Robots Powers Industry 4.0

Intel, struggling with the speed of the artificial intelligence
market, reportedly spent $350 million in its acquisition of
Nervana Systems, which has been tasked with engineering a
server chip for neural network training. The company also
allegedly spent about $400 million on Movidius, which built a
computer vision chip architecture for edge devices.

Hundreds of millions of dollars of funding is flowing into
hardware startups, too. Last year, Graphcore raised $50 mil-
lion in financing led by Silicon Valley institution Sequoia
Capital, while Wave Computing has solicited $117 million
from investors including Dado Banatao. Cerebras Systems,
which last year was reportedly valued at almost $1 billion, is
funded in part by Benchmark Capital.

“The world of CPU-centric computing is over;,” Peng said.
“What that means is that in this new era, architecture will be
heterogeneous with accelerators. I say accelerators, not accel-
erator, because of the breadth of applications that will integrate
some form of artificial intelligence is vast. There is not a single
accelerator that will do all that well”

Xilinx believes that the ACAP technology inside Everest can
take the place of many accelerators, switching between differ-
ent workloads and algorithms dynamically. “We are in the very
early stages of the emergence of artificial intelligence,” Peng
told reporters in the conference call. ®

Continental Automotive Spain has installed six Universal Robots
— with more projects underway —to handle printed circuit boards
and components in its smart factory. Industry 4.0 processes
have cut costs and improved productivity, reducing changeover
times by 50% and providing an estimated ROI of just 24 months.

20%
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See the smart factory of the future in action:
www.universal-robots.com/case-stories/continental/
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AMD Ramps Up
Emlbedded Processor
Performance, Security

The EPYC Embedded and Ryzen Embedded processor families stack up well against
their respective competition, the Intel Xeon D and Intel Core.

evelopers looking for embedded processors

tend to have more demanding requirements

than those used in PCs and servers. This can

include a wider operating temperature range
or a longer life cycle. The latter typically extends beyond five
years, with many being used for 10 or 20 years.

Along these lines, AMD announced its EPYC Embedded
and Ryzen Embedded processor families to target the embed-
ded space. These are compatible with the EPYC server chips
and Ryzen processors. AMD is providing long-term support
and availability for these families.

IT’S EPYC

The EPYC Embedded 3000 (Fig. I) is built on the same plat-
form as the EPYC 7000 server chips. The embedded version
sports a maximum of 16 Zen cores with up to a 32-MB shared
L3 cache. The EPYC Embedded 3000 has four independent
memory channels and up to 64 PCI Express Gen 3 lanes. It has
a primary frequency of 2.15 GHz and a boost frequency of 3.1
GHz. Systems can handle up to 1 TB of memory.

The EPYC Embedded 3000 system-on-chip (SoC) doesn’t
require additional support chips. It incorporates up to eight
10-Gb Ethernet ports and up to 16 SATA/NVMe ports.

The embedded family currently matches the midrange
EPYC 7000 server chips that have up to 32 cores and 128 PCI
Express lanes. The EPYC family also shares a security system
with a secure Cortex-A5 processor that provides a secure root-
of-trust. They also support Secure Memory Encryption (SME)
and Secure Encrypted Virtualization (SEC).

SME works with encryption and decryption hardware that’s
integrated with the memory controllers. Data in DRAM is
always encrypted with SME enabled. It’s decrypted as it comes
into the SoC and is encrypted before being written to memory.
SME is a BIOS option that allows it to be used transparently
with respect to the operating system and applications. The
secure processor manages the encryption keys.

SEC is a bit more complicated. It also uses SME, but is
employed on a virtual-machine (VM) mode. Each VM has
its own encryption keys that are managed by the secure pro-
cessor. This allows the system to be used with an unsecured
hypervisor since the encryption is managed by the chip. The
hypervisor manages memory and the VM and doesn’t care
that it’s encrypted. Of course, some hypervisor modifications
are needed to support SEC properly. These have been incorpo-
rated into the mainline Linux implementation as well as other

operating systems.

1. The EPYC Embedded brings the EPYC server family to the

embedded space.

2. Price-to-performance ratio of the EPYC Embedded outshines the

competition.
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MODELING
VIBRATION IN THE
BUILT ENVIRONMENT

If you want to learn about simulating vibration in the
built environment, then tune into this webinar with
Murray Snaith of Xi Engineering Consultants.

Structural response to vibration is an important part
of the architectural and structural design process, as
the response can be critical to the overall success of
a building.

In this webinar, we will discuss how the COMSOL
Multiphysics® software can be used to simulate the
dynamic response of buildings. We will also discuss
the effect of external and environmental vibrations on
a structure and how these vibrations can be modeled.
During a live demonstration, you will see how a
frequency response analysis can be used to predict
vibration levels in a converted classroom that is used
to house sensitive lab equipment.

You can ask questions at the end of the webinar during
the Q&A session.

W COMSOL

Speakers:
MURRAY SNAITH, Xi Engineering Consultants
Murray Snaith is the resident expert for buildings
e and structures at Xi Engineering
Consultants and has worked
on improving the acoustics and
vibrations in buildings of all shapes
and sizes. With a background in
mechanical engineering, Murray is a
member of the IMechE and |oA and
works as one of the lead project engineers at Xi. His
experience covers all aspects of noise and vibration
and he regularly hosts CPD events on noise and
vibration in the built environment. Murray is a team
player and works closely with his clients to deliver
robust engineering solutions, such as planning and
design validation as well as project implementation
and completion.

VALERIO MARRA, COMSOL

-— Valerio Marra is the marketing
director at COMSOL in Burlington,
MA. Previous roles include working
in applications, technical support,
and sales. He has been at COMSOL
since 2008. Valerio received
his PhD in fluid machines and
energy systems engineering and his MSc in nuclear
engineering, focusing on numerical methods for CFD.
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Embedded Revolution

There’s an overhead for SEC but it is very small. It also
applies only to an encrypted VM. The hypervisor can handle
both types of VM. As with SME, security is transparent to the
application or VM.

EPYC Embedded competition includes Intel’s Xeon D.
EPYC Embedded’s performance is better, but its price/perfor-
mance is the more impressive difference (Fig. 2). This is due to
AMD’s lower price. That’s something Intel could match with a
price drop, but for now AMD has the price/performance edge.
The EPYC Embedded 3451 is priced at $880, while the Xeon
D-2191 goes for $2407.

A range of the latest operating systems support EPYC
Embedded, including Red Hat Linux, Canonical’s Ubuntu,
Mentor Graphics’ Mentor Embedded Linux (MEL), Wind
River’s Wind River Linux Base, and the latest Yocto project.

RYZEN TO THE OCCASION

EPYC Embedded doesn’'t include a GPU, but one is integrat-
ed into the Ryzen Embedded (Fig. 3). The Ryzen Embedded
V1000 APU also has Zen cores, and includes an AMD VESA
GPU using a Heterogeneous System Architecture (HSA). The
video support can handle up to four 4K displays. It’s 4K60
encode/decode support includes H.265 and VP9. The single-

3. Unlike the EPYC Embedded, the Ryzen Embedded incorporates
a GPU.

Cinebench nT

Ryzen Embec
Ryzen Embe

Ryzen Embe

3DMark® 11 P

4. The Ryzen Embedded’s main competition is Intel’s Core family.
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5. The iBase MI988-A is a Mini-ITX motherboard that integrates a
Ryzen Embedded V1000 processor.

chip solution handles HDMI 2.0b, DisplayPort (DP) 1.4, and
eDP1.4. The chips have dual 10-Gb Ethernet, allowing them to
be used for gateways. The CPU, GPU, and peripherals are tied
together using AMD’s Infinity Fabric.

Versions are available with power requirements from 12
to 54 W. There are two- and four-core versions that run two
threads per core. The base frequency is 1.3 GHz, with a boost
speed up to 3.8 GHz. The top-end V1807B has 11 GPU com-
pute units.

The Ryzen Embedded family competes with Intel’s Core
family (Fig. 4). AMD’s processors shine when it comes to GPU
performance. The family is supported by Microsoft Windows
10, Canonical Ubuntu, Mentor Graphics’ MEL, Wind River’s
Wind River Linux Base, and the latest Yocto project.

Systems that utilize the EPYC Embedded and Ryzen
Embedded chips are already finalized. In fact, a number of
motherboards and modules using the Ryzen Embedded pro-
cessors are being shown at this year’s Embedded World. For
example, the iBase MI988-A is a Mini-ITX motherboard
with a Ryzen Embedded V1000 processor (Fig. 5). The board
exposes HDMI, DisplayPort, eDP, and 24-bit dual channel
LVDS displays. The board has dual Ethernet ports, a PCI
Express socket, and an M.2
socket.

One feature that makes the
Ryzen Embedded chips stand
out is security. They also can
handle the SME, SEV support
and secure boot found in the
EPYC processors.

Ryzen Embedded proces-
sors are ideal for many appli-
cations, such as medical sys-
tems and gaming systems, due
SEFIES GEU EERFORMANCES to its graphics capabilities.
These applications require
the advanced security features
found in AMDs latest chips. B2
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Design Note

170W Voltage Doubler in 23mm x 16.5mm Package

Ya Liy, Jian Li, Jeff Zhang and Brian Lin

Introduction

For high voltage input/output applications, inductorless,
switched capacitor converters (charge pumps) significantly
improve efficiency and reduce solution size over
conventional inductor-based buck or boost topologies.
By using a charge pump instead of an inductor, a “flying
capacitor” is used to store and transfer the energy from
input to output. The energy density of capacitors is much
higher than inductors, improving power density by a factor
of 10 using a charge pump. However, charge pumps have
traditionally been limited to low power applications, due
to the challenges presented in start-up, protection, gate
drive and regulation.

The LTC®7820 overcomes these problems, allowing high
power density, high efficiency (to 99%) solutions. This
fixed-ratio high voltage, high power switched capacitor

controller includes four N-channel MOSFET gate drivers,
for use with external power MOSFETSs, to produce a voltage
divider, doubler, or inverter: specifically, 2:1 step-down
from inputs to 72V, 1:2 step-up from input voltages to
36V, or a 1:1 inverter from inputs to 36V. Each power
MOSFET is switched with 50% duty cycle at a constant
preprogrammed switching frequency.

Figure 1 shows a 170W output voltage doubler circuit
featuring the LTC7820. The input voltage is 12V and the
output is 24V at up to 7A load, and a switching frequency
of 500kHz. Sixteen 10pF ceramic capacitors (X7R, 1210
size) act as a flying capacitor to deliver output power. The
approximate solution size is 23mm x 16.5mm x 5mm
as shown in Figure 2, and the power density is as high
as 1500W/in3.

100 Vour
C 2'A'A"s W\ - = o4y
0.1yF Remnse  —L— 100F X1 BE 7
T L R
— — X
I L 0.1yF <
< VHIGH_SENSE Vee —_I
<1000 o = t " o
ISENSE 0.1 |H BSCO504NS x4
0.1pF BOOST1 |_
l DB1 b
- Isense” A cvpst-4 Cry |
LTC7820  sw1 100 =
TVER @ | Yo w2 50V
1uF | @ BSCO504NSI x16 .
BOOST2 | DISCONNECT
iy LU BoOST2 I om | |_  SUD5ONO4-BIGP W
) A ovsi-4 < 100F Tel +] oo 12v
120 W Viow S0 | —=sov 35V
<
.leCC Viow,_sense _l 6 I: 28mQ
< 3 | Yo 3 = &
3 1IUF 11=¢ Bscosoans| | .- CMHZ52368
w { 10
PGOOD BOOST3 [a T | | n I, ?gg
HYS_PRGM A cvosh-4
% - sw3
100k FREQ
4 1= wa - 0.220F
= B8k NTVgg TV oo | I BSCOS04NS| =
= = 1 BOOST2
FAULT—T— FAULT GND %__ Rl
= 10k
p—

Figure 1. A High Efficiency, High Power Density 12V V}y to 24V/7A Voltage Doubler Using the LTC7820
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SIZE: 23mm x 16.5mm x 5mm

Figure 2. Estimated Solution Size

High Efficiency

All four MOSFETs are soft switched because there is no
inductor used in the circuit, greatly reducing switching-
related losses. Furthermore, in a switched capacitor
voltage doubler, low voltage rating MOSFETs can be used,
significantly reducing conduction losses. As shown in
Figure 3, the converter can achieve 98.8% peak efficiency
and 98% efficiency at the full load. Power loss is balanced
between the four switches, spreading thermal dissipation,
and simplifying heat mitigation in a smart layout. The
thermograph in Figure 4 shows a hot spot temperature
rise of only 35°C in free air in an ambient 23°C.

Tight Load Regulation

The LTC7820-based voltage doubler is an open-loop
converter, but the LTC7820’s high efficiency keeps
regulation tight, as shown in Figure 3—the output voltage
drops only 0.43V (1.8%) at full load.

Start-Up

In voltage doubler applications, LTG7820 can start-up
without capacitor inrush charging current if the input
voltage is ramping up slowly from zero. As long as the input
voltage ramps up slow (in milliseconds), the output voltage
can track the input voltage and the voltage difference
between capacitors remains small, so there are no large
inrush currents.

Slew rate control of the input can be achieved by using a
disconnect FET at input or using hot swap controllers, as
shown in the typical application section in the LTC7820
data sheet. In Figure 1, a disconnect FET is used at the
input. Unlike voltage divider solutions, the voltage doubler
must start up from zero input voltage every time, but it
can start up directly with heavy loads. Figure 5 shows the
start-up at 7A load.

Data Sheet Download
www.linear.com/LTC7820
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Figure 4. Thermal Test at 12V Vi, 24V Voyr, 7A Load, T = 23°C, Free Air
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Figure 5. Start-Up Waveform at 7A Load

Conclusion

The LTC7820 is a fixed ratio switched capacitor controller
that drives external MOSFETs with built-in gate drivers,
achieving very high efficiency (to 99%) and high power
density. Robust protection features enable an LTC7820
switched capacitor converter to fit high voltage, high power
applications such as bus converters, high power distributed
power systems, communications systems and industrial
applications.

For applications help, call (408) 432-1900

DN571 LT/AP 0318 47.7K + PRINTED IN THE USA
© ANALOG DEVICES, INC. 2018

ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™

7 LINEAR.


http://www.linear.com/LTC7820

Discover the Power of
Real-Time Spectrum Analysis

Capture

Transient & short duration
signals confidently

Identify

Errors in power, frequency
and time

" Isolate

" Signals of interest

- Analyze
- RF signals & the devices
. that control them
¥ _\\\
\\ \\\ \ - \\\

ety fpacrogun

Spectruﬁh@mtarmg

g e

; :

RF l}e\nce Gharactenzatmn

O %11

@ [m & &3

NEW RSAS5000 Series

Real-Time

.~ Spectrum Analyzers
\\Elfj_f--comhmmg a High Performance Swept
Q\_-\ -fSpectrum ‘Analyzer with Superior Real-Time Analysis
-‘_‘ ) and 6. 5GHz models ¢ 1ms Sweep

. 1Hz RBW * 40MHz Real-Time Bandwidth
) 7 45 psec 100% POI e Powerful Triggering
. 7 Vlsuallzatlon Modes ~

X Q Innovation or nothlng o

NN f Dnscnver the Power of Real 'rme @ www ngulna comlﬂeal Tme S


http://www.rigolna.com/real-time

What'’s the Difference?
BONNIE BAKER | Owner, BB@ATW, LLC

What's the Difference Between

DC-DC
Conversion
Topologies?

When modifying dc voltage from high to low or vice versa in a design, it’s important
to have a clear understanding of the different converter types involved in the process.

ower supplies represent
the conversation topic
for every circuit designer
across the landscape of
electrical designs. For instance, you can
delve into sensor, Internet of Things
(IoT), automation, transportation, med-
ical, or fitness circuit solutions and in
every case, one of the primary challeng-
es is to design an appropriate power-
supply network for your circuit.
Power-supply classifications come
in many flavors. At the top level are the
basic ac-ac, ac-dc, dc-ac, or dc-dc con-
verters. In this article, we'll discuss the
dc-dc conversion category in terms of
shifting the power signal down with a
low-dropout regulator (LDO) or buck
topologies, and up with a boost topology.

LOW-DROPOUT REGULATOR

When designing your power-supply
circuit with an LDO, you’re embarking
on a simple, straightforward and inex-
pensive way to change your higher dc
voltage down to a smaller voltage.

34

A linear regulator, or LDO, uses
a voltage-controlled current source
(VCCS) or transistor to force the regula-
tor’s output to a fixed voltage. The con-
trol circuitry continuously senses the
output voltage and adjusts the current
source to hold the output voltage to the

LDO

predetermined value. The pass transis-
tor’s current determines the maximum
regulator output-current load while
maintaining regulation (Fig. 1).

In Fig. 1, the LDO elements are the
pass transistor, error amplifier, voltage
reference (V,), and the feedback/gain

Pass
transistor

amplifier

1. The basic LDO circuit design has a pass transistor to provide variable output currents and

the topology, though Vggg, the error amplifier, and R1/R2 is pre-programmed to provide a

relative stable output voltage.
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resistors (R1 and R2). The V sand R1+R2 establish the regula-
tor’s output dc voltage. A key element in this circuit is the pass
transistor. The error-amplifier feedback loop and the voltage
reference controls the pass transistor’s gate and thereby influ-
ences the amount of current that goes to Ryy,q. This transistor
acts like an adjustable current source and responds to varying
changes with the output load.

To assure loop stability, this feedback loop requires loop
stability compensation. You will find that most LDOs have
built-in compensation to ensure stability without added exter-
nal components.

The output capacitor parasitic resistance, Rgsg, produces a
zero into the LDO feedback system. The frequency of this zero
is equal to:

fzero = 1/(2 x 0 X Rggr X Cour)

This zero will add a phase shift to the compensation loop.
Typically, manufacturer’s datasheets address this issue and
provide ample guidance.

The LDO is a linear device that theoretically produces a
linear power supply, but don't be fooled into using this device
in your system and assume you have a good low-noise power
supply. These devices will produce a relatively low-noise out-

put voltage with an efficiency of Vqyr/Viy; however, their
power-supply-rejection capability may not rise to the task of
eliminating input noise.

For example, you can have a switching power supply pro-
vide the input voltage to your LDO. If the switching power
supply’s frequency is high enough, that switching noise may
pass right through the LDO and to the output pin.

SWITCHED-MODE POWER SUPPLY (SMPS)

The LDO is strictly a linear device that doesn’t have any
involvement with clock signals, which is contrary to the rest of
the devices discussed in this article. In their most-basic form,
the currents in the switching regulator require incremental
breaks in the current source followed by a filter to reconstitute
the dc signal to the output. The non-synchronous buck, syn-
chronized buck, and boost power converters accomplish this
with five devices: switch, inductor, capacitor, diode, and clock.

The classes in this technology are the switching regulator
and switching controller. These devices are very similar. The
configuration for both are dc-dc converters and can generally
be either buck or boost.

The switching regulator’s integrated circuit (IC) contains
all of the necessary components except for the inductor, and
a few resistors and capacitors. It’s important to notice that

Bela
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the switching regulator’s IC chip includes the FET switch. As
a result, switching regulators can’t handle too much current.
Usually the maximum output currentis 1 to 2 A.

In contrast, the switching controller’s IC has the same com-
ponents as the switching regulator, with one exception. The
switching regulator doesn’t have the FET switch within the
IG; it’s now external. This new configuration enables higher
currents than with the switching regulators. The sizing of the
external FET can now match the application task for currents
greater than 1to 2 A.

NON-SYNCHRONOUS BUCK SMPS

The non-synchronous buck switching or step-down topol-
ogy is the most common form among the switching technolo-
gies. The reason for this popularity is that higher voltages are
easy to transport over distances, and lower voltages are most
useful in electrical circuits.

A non-synchronous buck SMPS steps down an input volt-
age to a lower output voltage level. In its most basic form, the
non-synchronous buck SMPS has an input switch, inductor,
diode, and capacitor (Fig. 2).

By definition, the non-synchronous buck switcher output
voltage (Vour) is less than the input voltage (Vy) (Equation
1). The establishment of the output voltage is a by-product of

D1

T

2. The ideal version of the non-synchronous buck SMPS shows the
basic components that allow voltage output to be consistently lower

than the input voltage.

the Q1 duty cycle and the inductor (L1) / capacitor (C2) stor-
age capability (Equation 2).

1

Vour < Vin

)

I ave = lout

D= VOUT/VIN = tl/(tl + t2) (3)
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where D is the pulse-width modula-
tor’s (PWM) duty cycle applied to the
switch.

In the non-synchronous buck SMPS
circuit, the driving frequency force
comes from the PWM signal. The sig-
nal’s duty cycle (D) is the percentage of
the ratio of t1 to t1 + t2 where the inverse
of the sum of these times is equal to the
PWM frequency (Fig. 3).

The FET switch (Q1) inversely reflects
the transitions of the PWM signal with
the PWM off > QI closed. At the same
time, the diode (D1) is reverse-biased
with no current conduction. The clo-
sure of Q1 conducts current to L1 and
charges C1 to generate a voltage.

During the PWM t2 time, the FET
(Q1) switch opens. At the same time,
D1 is forward-biased and pulls current
from the inductor to ground. This in
turn reduces the C1 voltage.

From this algorithm, you can see that
there will be a voltage ripple at the output

of the non-synchronous buck SMPS. You
can reduce this ripple by increasing the
output capacitor (C2) value, but there are
boundaries to that. It's important that the
power converter remains stable.

As you compare the non-synchro-
nous buck SMPS to the LDO, the non-
synchronous buck will have higher
efficiency and low thermal dissipation
during operation. In addition, the non-
synchronous buck can handle large out-
put currents, especially when the FET
switch is on the printed circuit board
(PCB). As disadvantages, the non-syn-
chronous buck SMPS is more compli-
cated and will have a high part count.
Furthermore, the output voltage switch-
ing noise and existing ripple can cause
errors in the downstream circuit.

Larger non-synchronous buck SMPS
duty cycles produce higher dc output
voltages. Looking at Equation 3, the out-
put voltage will always be equal to or
lower than the input voltage.
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3. Non-synchronous buck timing.

The non-synchronous buck SMPS
provides good inductor current filtering
because of the inductor-capacitor (LC)
arrangement. A continuous switching
mode that prevents the inductor current
from reaching zero is an ideal condition
for the non-synchronous buck SMPS.

SYNCHRONOUS BUCK SMPS

A non-synchronous buck topology is
an older design, which is known for its
power loss across the diode. This power
loss compromises the SMPS’s efficiency.

The synchronous buck SMPS accom-
plishes an increase in efficiency because
the voltage drop across the low-side
FET (Q2) can be lower than the voltage-
drop across the diode of the non-syn-
chronous buck SMPS. With Q2, the cur-
rent level through the inductor doesn’t
change, a lower voltage drop translates
into less power dissipation and higher
efficiency (Fig. 4).
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PWM
Q1 / L1
#w @
PWM
Vin :% \(-; QZ/ :%? Vour

4. The ideal version of the synchronized buck SMPS uses two switches that operate with a

PWM non-inverted on Q1 and inverted on Q2 signals.

The synchronized buck SMPS starts ont_
with a non-synchronous buck topology. — —‘
The important distinction is that the
second switch (Q2) allows the current OFF >
to flow in both directions when in the {t;’<t2 >
on state. Vmax‘ 3
With the synchronized buck SMPS Qi FET ’7
circuit, the driving frequency force Voltage
still comes from the PWM signal. The VMin [ >
signal’s duty cycle (D) is the percent- o
age of the ratio of t1 to t1 + t2 where the Imax]
inverse of the sum of these times is equal Q1 FET A /]
to the PWM frequency. Current N ] >
The FET switch (Q1) inversely reflects Ll OL—)
the transitions of the PWM signal with ““ 2
PWM off > QI closed. At the same time — Vmax
the diode (Q2) is reverse biased with Voltage —‘
no current conduction (Fig. 5). The clo- Vmin >
sure of Q1 conducts current to L1 and ﬁ 5 >
charges the C1 voltage. imaxh
During the PWM t2 time, the FET (Q1) Q2 FET Vi 7l
switch opens. At the same time, Q2 pulls GUEm / l/ -
current from the inductor to ground. Iminj ¥
This in turn reduces the C1 voltage. 1o
From this algorithm, you can see that e
a voltage ripple at the output still exists. L1 Inductor / \ /\
You can reduce this ripple by increas- Current v L9 >
ing the output capacitor (C2) value, but Lo o :

there are boundaries to that as well. It’s
important that the power converter
remains stable.

1

[N

5. Synchronous buck timing.
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L1 D1 chronous buck SMPS circuit is slightly
more complicated because of the risk of
@ Q1 and Q2 simultaneously conducting.

Timing is everything!

BOOST SMPS
VIN - OC\Q1 - VOUT The boost SMPS implements a step-
C1 \ C2 up of the input dc voltage; the dc input
PWM source can be batteries, dc solar panels,
fuel cells, or dc generators. It increases
2 & & the input voltage to a higher level. A
boost or step-up circuit contains the

same components as the buck and syn-
chronous buck (Fig. 6).

= The arrangement of components pro-
vides an output voltage that is greater

6. The ideal version of the boost SMPS shows the basic components that allow output volt-  than the input voltage (Equation 4).
age to be consistently be higher than the input voltage.
Vour>Viy (4)
As you compare the non-synchro- inexpensive. In the synchronous topol-
nous buck SMPS to the synchronous ogy, the low resistance (Rps.on) of Q2 I _ave =Ilour/(1 - D) (5)
buck SMPS, the synchronous buck helps reduce losses and optimize over-
SMPS tends to be smaller and relatively  all conversion efficiency. Also, the syn- D =(Vour- Vin)/Vour (6)
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ou will find a power-supply conversion in nearly every circuit.
This article covers two types of dc voltage conversion: high to
low and low to high. When you modify the dc voltage from high to low, you

will be using either an LDO or buck converter.

With the boost circuit, the diode (D1) prevents the
inductor (L1) current to flow continuously to the output
capacitor (C2). With this circuit, the transmission of power
to the output is a two-step process. During this two-step
process, the inductor serves as a temporary storage ele-
ment. The Boost driving frequency force still comes from
the Pulse-width-modulator (PWM) signal. The signals
duty cycle (D) is the percentage of the ratio of t1 to t1 + t2
where the inverse of the sum of these times is equal to the
PWM frequency.

In Figure 7, a closed switch (Q1) causes input current to
flow into the inductor with an increase in L1’s magnetic field.
During this time the diode (D1) blocks the flow of current to
the load. In addition, the output capacitor will hold the output
voltage steady.

Then, an open switch (Q1) causes the inductor’s magnetic
field to fall due to a reverse voltage polarity. This causes cur-
rent to go to the output and replenish the output capacitance
charge and consequently increase the capacitor voltage. This
two-step process creates higher peak currents and lower effi-
ciency in higher power applications.

The boost SMPS is a dc-dc converter that steps-up a low
dc input voltage to a higher dc output voltage. The boost-
converter input device is an inductor, which is an energy stor-
age device. When the switch (Q1) closes, the inductor current
flows to ground. When the switch opens, the stored energy
continues to generate current, which then flows through the
diode to the output capacitor (C1). The inductor current
charges the capacitor. One of the by-products of this switching
algorithm is an output-voltage ripple.
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7. Boost timing.

CHARACTERISTICS TO CONSIDER

There are a few characteristics about these SMPSs to take
into account as you move them into your applications. With
non-synchronous and synchronous buck converters, the input
has a direct connection to a switch (Q1). This causes an inter-
ruption to the input current and causes radio-frequency-
interference (RFI) noise. As you can see with the capacitor C1
in Figs. 2, 4 and 6, input filtering is in order.

The boost circuit has a rectifier (Q1) blocking the output-
capacitor charging current. This causes a much higher ac
current in the capacitor, with potential switching noise at the
output.

GO TO ELECTRONICDESIGN.COM

Of all these topologies, the synchronous buck SMPS is the
most efficient. This is a nice feature, but be aware—if the step-
down ratio is greater than 10:1, the PWM pulses will narrow,
causing higher peak currents. The consequence of this is loss
that’s proportional to I2.

This is a brief introduction to the more popular SMPS
topologies. Please note that these three topologies did not
illustrate the functions of the basic controls, such as soft-start,
feedback compensation, shutdown, dead-time control, or
slope compensation. When selecting your next product, these
are issues to consider.

CONCLUSION

You will find a power-supply conversion in nearly every cir-
cuit. This article covers two types of dc voltage conversion: high
to low and low to high. When you modify the dc voltage from
high to low, you will be using either an LDO or buck converter.
The LDO will provide a good linear output at the expense of
lower efficiency. You will improve your efficiency with a buck
SMPS, but acquire a ripple at the output of the device.

To change a low dc voltage to a higher dc value, the boost
topology is appropriate. No linear conversion option is avail-
able for this function, but the boost SMPS effectively provides
a good solution to this problem. &8l
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Simple Generator Provides
Very-Low-Frequency/Distortion Sine and

Square Waves

THE CIRCUIT OF Figure I generates sinusoids down to very low
frequencies with distortion in the region of 3% or less, yet has
no feedback or gain-stabilizing components because none are
needed. It uses a phase-shift oscillator with a low-pass phase-
shift network configuration rather than the more-common
high-pass network.

— SquareOut

V+

Vi
3x22Mand 1 pF =0.174 Hz SineOut

5V

V-
V2

.ran 0 220 20 1m startup

5V

1. This very-low-frequency sine- and square-wave generator
requires few components, but provides low-distortion outputs
(derived from LTspice simulator).

The frequency-determining network is used as a low-pass
filter to remove most of the harmonic content of the output
waveform. Other phase-shift oscillators using low-pass net-
works have been published, but most have been more compli-
cated (some of them far more so).

The output of op amp Ul is applied to the first section of
the phase-shifting network via R1 and CI1. Each stage of the
network attenuates more of the harmonic content (along with
some of the fundamental). The final sinusoidal waveform is fed
back into U1, which is operating open-loop and thus generates
square waves at its output. It’s also fed into U2, which is operat-
ing as a linear amplifier to restore the low-level sinusoid up to a
more-usable level at low impedance.
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By JIM TONNE | Tonne Software

With three 2.2-MQ resistors and three 1-pF capacitors, the
circuit generates a sinusoid waveform at about 0.174 Hz. (Note
that a three-gang variable-tuning capacitor can be used here to
create an inexpensive, adjustable-frequency audio oscillator.)

The circuit has a quick startup of a few cycles regardless of fre-
quency, and its output amplitude is very stable. U1l doesn’t need
to deliver output rail-to-rail, but it must clip on overload sym-
metrically; if it does not, then even-order harmonic components
will appear in the output. If this circuit also had a true triangular-
wave output, it would be called a function generator. However,
this simple configuration doesn’'t have that output waveform.

By increasing the values of the network components, this
circuit can generate sinusoids with periods of the order of a
minute or more, which largely depends on the characteristics
of the components. With the high resistor values shown, the
op amps must be CMOS devices in order to have the necessary
extremely high input impedance, and the timing capacitors
must also have very low leakage. To view the circuit’s wave-
forms at different critical points, check out the online version
of this article at www.electronicdesign.com.

A possible negative aspect of this circuit is that it requires a

second op amp as a buffer with gain to provide the sinewave
output. That second op amp has the same high input-imped-
ance requirement as the first one. Although shown as a genera-
tor of very low frequencies, the upper-frequency range of this
circuit is limited only by the gain-bandwidth product charac-
teristics of the chosen op amps. By using available wideband op
amps, it will operate into the upper parts of the audio region
without a serious increase in distortion.
JIM TONNE has been involved with electrical-circuit design
and analysis, largely in the broadcast industry, since 1965. His
specialties are filter design and speech processing, and he has
been a regular contributor to the ARRL Handbook as well as
QEX, their Forum for Communications Experimenters. His website
is www.TonneSoftware.com and can be reached at Sales@
TonneSoftware.com.
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Lab Bench

WILLIAM WONG | Senior Technology Editor

bill.wong@informa.com

SIP Solutions Streamline

System Design

Modules and system-in-packages (SIPs) continue to deliver
functionality and performance while simplifying system design.

ystem-on-module

(SOM) and system-

in-package (SIP) solu-

tions were out in force
at this year’s Embedded World.
These cost a bit more than trying
to put comparable logic down on
a printed circuit board (PCB), but
most will likely result in lower-cost
solutions that are more flexible and
powerful.

Take, for example, Octavo Sys-
tems’ OSD335X-SM SIP design (Fig.
I). It packs in more than 100 com-
ponents including a 1-GHz Texas
Instruments Sitara AM335x ARM
Cortex-A8 Processor, up to 1 GB
of DDR3L memory, a TPS65217C
power-management IC (PMIC),
a TL5209 LDO regulator, a 4- kB
EEPROM, and all necessary pas-
sives into a 21- by 21-mm, BGA. The
AM335x can run Linux and includes
a touchscreen display controller
with a 3D PowerVR SGX graphics
system; USB OTG with PHY; dual
Gigabit Ethernet; an 8-channel,
12-bit SAR ADC; and a programma-
ble real-time unit (PRU) that allows
the network to support protocols
like EtherCAT.

The OSD335X-SM groups sig-
nals to simplify PCB layout (Fig.
2). It has 16- by 16-ball grid with
a 1.27-mm pitch that allows rout-
ing on a single side of a PCB. This
allows the SIP to be used in a dou-
ble-sided PCB, thus keeping sys-
tem costs low. Octavo Systems SIPs
are used in the popular BeagleBone
platforms.
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Another platform I saw at
Embedded World was Silicon Labs’
WFM200 Wi-Fi SIP (Fig. 3). This
SIP targets the Internet of Things
(IoT) and combines a secure micro-
controller with a radio and built-in
antenna. The 6.5- by 6.5-mm chip
supports 802.11 b/g/n as well as
external antennas. One advantage of
the internal antenna is that the chip is
pre-certified by the FCC, CE, IC, and
in South Korea and Japan. This can
significantly reduce system design
costs and the related expertise.

The WFM200 incorporates a
variety of security-related features
including secure boot, secure debug-
ging, AES and PKE hardware accel-
erators, and a true random number
generator (TRNG). There’s wireless
support for packet traffic arbitra-
tion (PTA) coexistence, and it has
a link budget of 115 dBm at 1DSSS.
The receive power is only 48.6 mA at
1.8 V, while transmit power require-
ment is a mere 128 mA.

NXP’s IoT-on-a-Chip (Fig. 4)
blends its i.MX family with Wi-Fi
and Bluetooth connectivity plus
512 kB of SRAM and 2 MB of SST-
eMRAM into a 14- by 14-mm
FBGA. The latter is via Samsung’s
foundry support for MRAM.

Designing with SIPs like the
WEM200 and the OSD335X-SM can
speed time to market. They also make
it easier for designers to concentrate
on their secret sauce while using the
latest technology, without having
to gain expertise in areas where SIP
designers provide the solution. %]

Zimm x Z1mm
Standard IC Package

DDR3L Memory

AMIZSK ARME

4KB EEPROM Cortex®-AS

TL5204 LDO

TPSGSZ1TC PMIC 256 Ball BGA

1.27mm Pitch

1. Octavo Systems’ OSD335X-SM packs an entire
system into a compact SIP.

2. The SIP developed
by Octavo Systems is
designed to simplify
PCB layout, allowing
it to be used in many
double-sided layouts.

Integrated
Antenna

3. Silicon Labs’ WFM200 Wi-Fi SIP includes an inte-
grated antenna.

4. NXP’s loT-on-a-Chip SIP combines an i.MX SoC
with Wi-Fi and Bluetooth support. The chip is shown
here in the upper left of NXP’s SOM board.
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COMPONENTS, ASSEMBLIES, AND CUSTOM SOLUTIOf

Dean Technology offers a wide range of power electronics in all common
packages, with ratings to cover most applications. As with everything we offer
custom specifications, packages, and full assemblies are a specialty - we pride
ourselves on helping customers get exactly what they need for their success.
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IN STOCK TODAY! Contact us for a quote or to place your order!
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ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™

Your product’s performance
depends on precise signal
chain components. We have

the answers: the highest

accuracy data converters,
the lowest drift references,
the lowest noise amplifiers

and LDOs. Our industry-

leading precision signal chain LTc2387-18 | Industry’s Fastest No Latency SAR ADC: 18-Bit, 15Msps
products ensure precise and LT6657 | Industry’s Lowest Drift Bandgap Voltage Reference: 1.5ppm/°C Drift
repeatable measurement and LTC2641 | Industry’s Lowest Glitch Precision DAC: 0.5nVss Glitch

control. Contact our signal LTC2500-32 | Industry’s Most Accurate 32-Bit ADC: 0.5ppm INL

LT3042 | Industry’s Lowest Noise LDO: < 1pV Noise

chain experts to select a e

==

LT6018 | Industry’s Lowest Noise Op Amp: 30nVpP-p

high performance solution.
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FEATURED VIDEO :‘2'
32-Bit Oversampling ADC with Configurable FEATURED DATA SHEET -
Digital Filters www.linear.com/product/LTC2387-18 )

video.linear.com/7796
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