Electronic

THE AUTHORITY ON
EMERGING TECHNOLOGIES
FOR DESIGN SOLUTIONS

JANUARY/FEBRUARY 2018
electronicdesign.com

Embedded design®
hardware and software

o ’ v - . Access to
S/ el ~ ' 6.8 Million+
~ : & Products Online

"N

s DIGIKEY.COM


http://electronicdesign.com
http://digikey.com

| T | |
| i S et Ul ip
1L L R P (1)
Unr‘u ‘_EE . M 1T - i |I ! _:l | Il.I i
Eﬂ‘m puUs ; e i) i ‘ Inﬂnu

1||n

ALCOAMAN | 1% Signal Ll (RS visex [ et unmcaw E@‘r?!{e
' | .
GIr 4::17,:~,H HRS & Anphgnil' o i | i Sl =T||'
gl L1 IR | | | LA AR
*"‘.; :&'ITE%?R}MENTS./;\\YﬂJ{ @TDK 2 et Tlt | I 'isE\\n ’E?EIJ S TQ it (b ‘*."' I
;HGF I | RSB Microser| (i ||| e pmien ofgeuay| [nexetia ;L"n @ HARBRWIN ccs KEIWEJ’ [: .| ln|), ' st UL
e BANYODENK! (@) (s mui?ata BOOES e | BOURNS fibel esronocon G&K o= cree ] Lol stk o
| il Ui
juRTER |scs \"h., _J AE Jsr KEYSTCINE otmson 3___\'_ ngbrlghl I “-'d: Irj |(["( Nxa 3 [

@ olifeni sensimion || ormace ornnon OSRAM ljualtek RS || mPulse| REC M —RENESAs | Eamien P

SENMT EGH

RO RaVio | ehicrmess|

i penetogenes: | i

= [{d xPPower YAGEO @ Bisuding

monine. WIGR | Wolfspec

- o an |
STACO | &Stondex S ' MPD .steute Wireless
EN| Rz TEMEY |55
j rEADIRAN PrAITIEN S5EFEIEE @ talemo i STALON | "HFLEX TelchNexion| [1) TechTaols TELGE

Thomas trp

1:800.344.4539
DIGIKEY.COM

6.8 MILLION+ PRODUCTS ONLINE | 650+ INDUSTRY-LEADING SUPPLIERS | 100% AUTHORIZED DISTRIBUTOR

Digi-Key is an authorized distributor for all supplier partners. New products added daily. Digi-Key and Digi-Key Electronics are registered trademarks of Digi-Key Electronics in
the U.S. and other countries. © 2018 Digi-Key Electronics, 701 Brooks Ave. South, Thief River Falls, MN 56701, USA

Becia *
ace oo CHp)


http://digikey.com

The Ultimate
Power Couple

High Current MSD Series

Low Profile LPD Series

With their high K and small size, these 1:1 coupled inductors

are the perfect match for your SEPIC and flyback applications

Offered in eleven body sizes and hundreds
of inductance/current rating combinations,
our MSD/LPD families are perfectly coupled
to all your SEPIC and flyback designs.

The MSD Series offers current rat-
ings up to 30.5 Amps, low DCR, coupling
coefficients as high as K> 0.98, and up to
500 Vrms winding-to-winding isolation.

With profiles as low as 0.9 mm and
footprints as small as 3.0 mm square, the
LPD Series offers current ratings up to 5.6
Amps, DCR as low as 0.042 Ohms and
coupling coefficients as high as K > 0.99.

You can see all of our coupled inductors,
including models with turns ratios up to
1:100, at www.coilcraft.com/coupled.

0 4 '\.@.coilcruﬂdirectco

No min order. Next day delivery.

WWW.COILCRAFT.COM


http://www.coilcraft.com/coupled
http://www.coilcraft.com
http://coilcraftdirect.com

-

- B =]

SURFACE MOUNT
HiGH VOLTAGE
THE RicHT WAY

DTI'S SURFACE MOUNT HIGH VOLTAGE DIODES

he cost and quality advantages of surface™mount manufacturing technology
make it extremely popular in new electronic design:~Limited availability of diodes
has made the transition to utilize this technology hard formany in the high voltage
space - until now!

l

b

High voltage surface mount diodes from Dean Technology cover a wide
electrical performance, and with our new SL series in alonger package we canoffer
ratings up to 30 kV.

Custom versions are also available for customers that have specific needs not met
by our standard product line. We will work with you to get the parts you need for
your new designs now.

IN STOCK TODAY! Contact us for a quote or to place your order!

PRoDUCTS BY:
www.deantechnology.com D: /.\N
HVPS' TECHNOLOGY
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What's All his Usabili
Stuff, Anyhow?

From head-scratching instructions and labels to near-
impossible-to-read words to moronic mechanisms, it makes
you wonder if a product’s usability is last on the design
checklist...or doesn’t exist at all.

http://www.electronicdesign.com/analog/what-s-all-usability-
stuff-anyhow

SMD jumper cable
Tape-Reel packaging
www.snyn-ilectrun
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Flexible jumper cable
Conductor design Flound-l':'lat-ﬁound
www.snyn-electronics.com

umper cable
Conductor design Round-Flat-Round

www.snyn-electronics.com

SMD jumer cable
Tape-Reel packaging -
www.snyn-eglectronics.com =:
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Artificial Intelligence Chips
Could Spill Out of Data
Centers, Onto Desks

No one knows what the future of artificial intelligence will look
like and no one knows what computer architecture will take it
there. For years, Nvidia has been trying to expand the market
for its graphics chips, which are the current gold standard for
training and running algorithms based on deep learning.

http://www.electronicdesign.com/industrial-automation/artificial-
intelligence-chips-could-spill-out-data-centers-desks

Y

Saved by the Senor:
Vehicle Awareness in the
Self-Driving Age

At first inconceivable, self-driving cars are finally starting to
make their way into the real world. In most robotic use cases
today, an error can lead to a bad part, or perhaps an unswept
floor. However, when driving a car, a computer must constantly
make potentially life-threatening decisions.

http://www.electronicdesign.com/automotive/saved-sensor-
vehicle-awareness-self-driving-age
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UusB 3.1, TYPE C PLUGS & SOCKETS

USB 3.1 - Type C © Plugs are ideal for custom cable creation © Sockets are available with Hybrid Mounting for Thru Hole Mount
Smallest footprints of all high speed USBs = 10Gbps top data transfer speed

strength with a Surface Mount (SMT) configuration
20V (100W), 3Amp Thru-put = Bi-Directional - data and charging port without separate power adapters needed
Simplified connection to external devices

No orientation, can be plugged in backwards and upside down
Ideal for the latest electronic devices © Request Catalog M65
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New Smaller
DFN
Packages

DFN Package Versions of the
Classice Now Available at LIS

* 2mm x 2mm Footprint, 8 pin

Ideal for Applications
Seeking a Smaller Package

than SC70/S0T23

Improved Power Dissipation
over SOT23 Package

Non-Magnetic Package,
Ideal for Medical or other
Applications Requiring
Non-Magnetic Parts
ROHS Compliant

Request your DFN Sample
Box Today!

4391 Series - N-Channel Switch
117 Series - N-Channel Amplifier
174 Series - P-Channel Switch

PAD Series - Pico Amp Diodes

2m

Contact the Factory for
Samples and Pricing

1-800-359-4023
www.linearsystems.com
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Editorial
LOUIS E. FRENZEL | Contribufing Editor

lou.frenzel@informa.com

Celebrating ,
the 70th |
Anniversary of O
the Transistor

We recognize a device that overwhelmingly changed
the electronics industry and our lives.

4

s of Dec. 23, 2017, the transistor was officially 70 years old. The inven-

tion of the transistor may have been the greatest technology develop-

ment of the 20th century. It has given us the integrated circuit and its
progeny computers, T'Vs, smartphones, and all the other electronic stuff we use every
day. We probably all owe our jobs to the invention of the transistor. So let’s take a
moment to think about and celebrate this one monumental discovery.

The various historical records say that the transistor was invented Dec. 23, 1947
at AT&T’s Bell Laboratories by scientists William Shockley, John Bardeen, and Wal-
ter Brattain. On that day, they demonstrated transistor amplification with a point
contact transistor. That transistor type was difficult to make. Shockley followed up
with the invention of the bipolar junction transistor (BJT). Practical transistors came
about quickly and rapid developments thereafter eventually lead to the integrated
circuit (IC) and of course the microprocessor. The rest is history as many of us have
experienced it.

The first transistor ever conceived was
actually a field effect transistor (FET), the
brainchild of Julius Lilenfeld in 1926 that was
quickly patented. Later Oskar Heil put forth
the same idea in 1934. Neither man actu-
ally produced a working device. That’s why
the Bell Lab guys got all the credit, including
a Nobel Prize in 1956. Shockley ultimately
quit Bell Labs and moved to California to
start a company making transistors. His com-
pany and the subsequent spin-offs started the
semiconductor business. The transistor then
begat the integrated circuit, which has given
us everything electronic.

There have been many developments and
patents in the meantime, too many to chronicle here. But the highlights of the transis-
tor’s history and related developments are briefly summarized in a timeline, available
at http://www.electronicdesign.com/power/celebrating-70th-anniversary-transistor.

We have undoubtedly reached the physical limit for downsizing transistors. At the
5 nm manufacturing node, the gate size approaches that of the atoms and molecules.
We simply cannot get any smaller thereby negating Moore’s.

So what’s next? &l

GO TO ELECTRONICDESIGN.COM

(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.

l ':
WiFi 802.11b/g/n
USB & Serial interfaces
-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°C to +85°C operating temp.

Ethernet Adapters

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

YRadicom

Affordable Modem Technology
.
www.radi.com

modems@radi.com
408-383-9006 x112
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News

ROHM LAUNCHES INDUSTRY’S FIRST Dual-Mode Battery Charging IC

A GROWING NUMBER OF portable devices are
adopting the USB Type-C Power Delivery
(USBPD) standard that can charge up to
100W (20V/5A). To deliver the wide power
supply range required by USBPD, a boost

function must be added to a system to
charge 2-cell (~8.4V) batteries from con-
ventional 5V chargers. And if you want to
enable the two different charging methods
at the same time it further requires mounting

PCIl Express Mini Card

24 Digital 170 With
Change-of-State IRQ Generation

Port, Multi-Protocol,
RS-232/422/485
Serial Communication Modules

temperature options -
Explore the Possibilities!

@ 1/0 PRDDUGT% ﬁ

The Guys To Know For 0
ToleuanmrEinbeddedPCiEmimeCards
visit hittp:acees.io
or call 800 326 1849, Come visitus at
1062’35053’05“013!!&!090&\92121
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charge ICs along with peripheral compo-
nents as well as an MCU to control charge
switching, all presenting a barrier to intro-
duction.

But to show it can be done in a simpler
manner while still supporting of the two pre-
dominant charging methods for the latest
portable devices, ROHM has developed the
BD99954, a Battery Management LSI for
1 to 4 cell Lithium-lon secondary batteries
and the first with dual-input control. Thus, it
can autonomously select from two inputs—
which one to get the supply —without inter-
vention from an external controller, using
instead an original built-in charging adapter
function. Eliminating the MCU also removes
the need to mount external peripheral com-
ponents such as transistors and resistors
typically necessary.

The BD99954 supports input voltag-
es from 3.8V to 25V. This range encom-
passes the voltage range of 5V to 20V
defined by USB PD (USB Power Deliv-
ery). Additionally, it also natively supports
BC 1.2 (Battery Charging Specification
v1.2) detection. This provides support for
legacy USB AC Adaptors. The device
does not natively support wireless
charging but a wireless charging device
can be connected to one of the inputs in
order for the system to support wireless
charging.

BD99954 also integrates a charging
profile that monitors the charging state of
the battery and limits the maximum cur-
rent provided to the battery. This feature
prevents the part from providing too much
current to the battery, possibly damaging it.
In addition, it can also monitor the temper-
ature of the battery to reduce the charging
current when the battery overheats.

BD99954GW is available in a 0.4mm
pitch, 2.6mm x 3.0mm x 0.62mm wafer
level CSP package designed for space-
constraint equipment such as low-profile
notebook PCs, tablets, and other applica-
tions. BD99954MWV comes in an 0.4mm
pitch, 5.0mm x 5.0mm x 1.0mm QFN pack-
age. OEM quantities are available now.

JANUARY /FEBRUARY 2018 ELECTRONIC DESIGN
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To assist engineers ROHM also has intro-
duced an evaluation kit for the BD99954
battery management system. Designated
BD99954MWV-EVK-101 and featuring a
GUI, users can access the battery charging
profile and modify and read back the regis-
ters of the device.

The BD99954MWV EVK-101 board
comes with a bill of materials, schemat-
ics, board layout, and application data. It
features a Reverse Buck/Boost Option and
an On-Board USB-to-12C Communication
Circuit. Its Input Operating Range is 3.8V to
25V. In addition, a user manual for the 12C
control software is included to help program
the BD99954MWNV.

CEO OF TEXAS INSTRUMENTS
to Step Down

TEXAS INSTRUMENTS
SAID that its chief execu-
tive, Rich Templeton,
is stepping down after
more than 13 years in
the captain’s chair of the
company he turned into
the largest manufacturer of analog chips.
The company has chosen Brian Crutcher,
its chief operating officer, to replace him.

The switch from Templeton to Crutcher is
scheduled to take place on July 1. Crutcher,
who joined Texas Instruments in 1996, has
been in charge of business operations and
global manufacturing since he was promot-
ed to chief operating officer last year. He
previously presided over the company’s ana-
log and digital light processing businesses.

Choosing Crutcher seems meant to pre-
serve the stability of Texas Instruments, the
largest maker of analog chips that handle
physical signals flowing inside everything
from cars to the industrial machines that put
them together.

Templeton is known for ushering Texas
Instruments into analog. He was chief
executive when, in 2011, Texas Instruments
acquired National Semiconductor for $6.5
billion in cash. He also wound down the
company’s wireless operations, allowing it
to plough cash into embedded and signal
processing chips. B

Rich Temapl€ton

GO TO ELECTRONICDESIGN.COM

Operation is straightforward: make sure
the BD99954 board is connected to your
PC via USB cable and is powered on with
a power supply. Once connected, click on
the BD99954 12C Control icon located on
the desktop GUI or find the application in
the Windows Start Menu to start the pro-

gram. Upon starting the program and
BD99954 board is being powered up with
the appropriate voltage, the software will
indicate on the top-right corner if the board
is connected. B

MURRAY SLOVICK, Contributing Editor

Stop losing valuable time waiting
for a power supply tech to respond.

TDK-Lambda is one of the oldest and most trusted manufacturers of high-quality power supplies.

We offer a broad product line with over 5,000 models to choose from. Backed by industry leading
warranties - including “Limited Life Time” - and a knowledgeable, highly-responsive, US-based

technical support team, our motivation is our customers’ complete satisfaction.
Please call 1-800-526-2324 (6am to 4pm PST) for assistance.

Prefer to transact on-line? OQur website features an extensive Quick Product Finder, allowing you

to search by parameter, case style, safety certifications and signals.

Multiple output modular power supplies like our new 700-1500W QM series with up to 16 outputs
can easily be configured, without wrestling with datasheets. The Product Quick Finder will always
chose the optimum product, right down to a simple ordering code.

STDK

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
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« Sine wave outputs (+13dbm)

 Amplitude leveling

» Low additive phase noise
e High channel-to-channel isolation
» High return loss
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Embedded Design

Hardware and Software

Opftions for 2018

Senior Technology Editor Bill Wong examines the future of embedded development

with his annual forecast.

here has never been a more exciting, confus-

ing, and challenging time to develop embedded

products. The Internet of Things (IoT) is a given,

but tools ranging from machine learning (ML),
persistent storage (PS), and mesh networking are changing
how developers look at a problem. Approaches that were
impractical a few years ago are becoming readily available.
That is not to say that these paths are not fraught with peril for
the uneducated. Likewise, adopting the latest hardware and
software should not mean ignoring other issues like privacy
and security. Insecure systems can render the best-intentioned
device or service untenable.

CHANGING USER INTERFACES

Science and engineering fact continues to chase science
fiction. Conversing with computers is no longer the exclusive
domain of movies like “2001: A Space Odyssey.”

A number of unrelated technologies have come together
to make this possible including the internet, the IoT, artificial
intelligence (AI), and machine learning, plus improvements in
audio processing, MEMS microphones, and so on. The result
is Amazon Alexa and its competitors like Google Home, Apple
HomePod, and even Microsofts Cortana.

Amazon has been in the lead working with partners to deliv-
er hardware development kits that work with Alexa (Fig. 1).
Like most IoT solutions, it requires a collaboration with a num-
ber of partners. The noise reduction hardware and software are
differentiating factors. Machine learning is being used at this
level in addition to natural language processing in the cloud.

The challenge for companies is deciding what walled garden
to work with. It is possible to have products that support mul-
tiple IoT frameworks, or even voice control systems like Alexa,
but normally products will support one.
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Embedded Forecast

Voice interaction is not the only user interface that has
benefitted from the use of artificial intelligence and other
technology advancements. Stylus or pen-based input has
improved on the hardware side and paired with tablets and
giant smartphones. Editing of handwritten script, versus typed
text, is possible using tools like MyScript’s Interactive Ink and
its Nebo app. The Digital Stationery Consortium’s (DSC) is
also working on a universal digital ink interchange format.
DSC’s format is based on Wacom’s WILL technology.

Voice and script are affecting two other user interface tech-
nologies: augmented reality (AR) and virtual reality (VR).
Advances on the hardware side will improve to user expe-
rience, but it is the software frameworks, integration, and
advancements that will make AR and VR stand out this year. I
expect AR to lead in non-gaming applications.

SECURITY, ACCELERATORS, AND EMBEDDED FPGAS

“Essentially, every electronic application now reaches out
to the internet, and there are so many people with nothing
better to do than to hack into someone else’s good work to be
mean or for profit, that it’s imperative that designers build an
adequate level of security into their products today,” notes
Tom Starnes, an analyst at Objective Analysis. “Unfortunately,
security is a utility, the quality of which is hard to quantify,
and isn’t as fun as pimping up a User Interface. However, as
engineers it is our duty to protect users of our creations from
unseen danger”

Not a day goes by without a security breach being brought
to light. PCs provided billions of targets to hackers and smart-
phones easily surpassed this. IoT devices will exceed smart-
phone deployments by orders or magnitude.

On the plus side, hardware vendors are focusing on includ-
ing security hardware and firmware in standard products.
Encryption hardware and secure key storage are more com-
mon now and are starting to be standard options within a
microprocessor family. Look to dual, asymmetric core
approaches to provide improved security as well as providing
better power management.

Cortex-M23 and -M33 microcontrollers based on Arm’s
ARMv8-m architecture will be available this year. Arm’s Plat-
form Security Architecture (PSA) is a software complement
to this. Unfortunately Intel's Management Engine (ME) woes
highlight problems that can occur with embedded hardware
and firmware.

Higher-end embedded systems will continue to see
growth in the use of hypervisors and virtual machines.
Embedded development tends to follow advances pushed
by the enterprise where this technology has been used for
decades.

Hardware acceleration to support neural networks, the
backbone of the machine learning trend, will move from
evaluation to production for many more developers. GPGPUs
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are being used in this space as well as hardware specifically
designed for Al acceleration. Even DSPs are being tuned for AI
like Cadence’s Vision C5 DSP.

Intel’s Movidius Myriad 2 VPU (video processing unit) is
already being using in DJI drones to handle collision avoid-
ance and recognizing user control gestures (Fig. 2). It even
works with the Raspberry Pi.

2. The Intel Movidius Myriad 2 VPU (video processing unit) is avail-
able on a USB 3.0 stick that works with a range of systems including
the Raspberry Pi.

Developers will need to become more familiar with AT to
determine what hardware and software requirements will be
needed for training and deployment, since training typically
requires more computation. There are many types of neural
networks and different models. Some applications can benefit
by simply using libraries or runtimes that take advantage of
neural networks, while others may be much more complex
programming, configuration, and training.

Also keep an eye out for embedded FPGAs and RISC-V.
Embedded FPGAs (eFPGAs) are available from a number
of vendors, and silicon foundries are supporting them. The
eFPGAs have significantly reduced overhead compared to
adding an FPGA chip to a design and provide a flexible way to
incorporate proprietary designs.

RISC-V growth continues, but remains a minute fraction
in terms of deployment compared to Arm, which dominates
the space. On the other hand, its use is growing substantially.
There are now a number of companies providing RISC-V IP
and it runs on most FPGA platforms, including Microsemi’s
Mi-V environment. There are advantages to keeping it simple,
stupid (KISS).
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Embedded Forecast

he Storage Networking Industry Association’s (SNIA) NVM
programming model (NPM) will start having more impact
as support for persistent memory model becomes more available in
operating systems like Linux and Windows. Of course, having non-volatile
DIMMs (NVDIMM) will be key to its success.

PERSISTENT STORAGE

A change is in the wind for non-volatile memory (NVM)
technologies as silicon foundries add support for storage tech-
nologies like Resistive RAM (ReRAM), Conductive Bridging
RAM, and MRAM. This means microprocessors and system-
on-chip (SoC) solutions can utilize non-flash NVM technolo-
gies that offer advantages such as speed and unlimited write
lifetimes. Texas Instruments’ MSP430 microprocessor family
already has FRAM versions that offer significant advantages
over flash-based solutions.

The Storage Networking Industry Association’s (SNIA)
NVM programming model (NPM) will start having more
impact as support for persistent memory model becomes
more available in operating systems like Linux and Windows.
Of course, having non-volatile DIMMs (NVDIMM) will be
key to its success.

“In 2018 Intel is due to introduce the Optane DIMM based
on the company’s 3D XPoint Memory,” says Jim Handy,
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an analyst at Objective Analysis. “This should be a game-
changer for any system based on DIMMs, since it will sup-
port much bigger memory sizes than DRAM at a lower price.
It’s nonvolatile, too, but there is no off-the-shelf software that
supports that today, so this attribute will only be useful in
systems built around proprietary software. Even so, we will
see big changes in computer memory configurations starting
next year.”

There are a number of vendors providing a range of
NVDIMM solutions such as Micron's NVDIMM (Fig. 3). It
uses a combination of DRAM and flash memory combined
with an FPGA controller and an external supercap. Diablo
Technologies pioneered an all-flash NVDIMM device.

The biggest challenge is on the software side. SNIA’s NPM
includes support for direct application access of non-volatile,
in-memory storage (Fig. 4), unlike the conventional block-
oriented disk storage or NVMe storage located on the PCI
Express bus.

DRAM

Best
rerformonce/
owest latency
for fast data
access

Register
Command/address control
for RDIMM operation

Backup power
Supercap (PowerGEM)
conenctors

NAND flash
Data persistence for DRAM contents

3. Micron’s NVDIMM includes an FPGA controller, DRAM, and flash memory with a link to an external supercap. The controller copies DRAM

contents to flash when power is lost and copies it back when power is restored.

14

JANUARY /FEBRUARY 2018 ELECTRONIC DESIGN
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Also keep an eye out for the ruler form factor designed to ~ WILD WEST WIRELESS
handle NVMe storage (Fig. 5). It is complementary to the Wireless connectivity has never been simple, but the
M.2 and U.2 form factors being used for NVMe storage. The number of options continues to grow. Even the venerable
system is designed to pack as much storage as possible into a  802.11 standard has variations for 802.11a/b/g/n/ac. 802.11n/
1U form factor. ac added in the 5 GHz band and multiple-input and multiple-
output (MIMO) has now become

T ubiquitous. The latest trend is 802.11s
[ Application P ] mesh networking that continues to grow
1
Nafive Load/A In importance.
Userspace fle API|  storel Of course, wireless requires security
Kernel space NVM.FILE mode\ | and it is not immune from being

compromised. The 2017 KRACK
[ PM-aware kernel module ] [ PM-awarre file system ] MMy J problem with WPA2 is only the tip

méppings
Y : of the iceberg. On the plus side, most
NVM PM.VOLUME mode ~__ I I : attacks and problems can be fixed by a
VWA : software upgrade, assuming the vendor
NVM PM capable driver i provides it and the users install it.
' Mesh networks continue to garner
/ \\ ¥ support throughout the wireless

PM device PM device PM device PMdevicei spectrum. The Bluetooth mesh
. standard has been established and is

becoming more common as stacks
4. Storage Networking Industry Association’s (SNIA) programming model includes support become available. The Bluetooth mesh
for direct application access to in-memory NVM storage. standard is independent of the new
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Bluetooth 5.0 standard, so this functionality may find its
way into older devices through software updates. Bluetooth

These long-range, low-speed technologies complement
mesh technologies like ZigBee, Z-Wave, and mesh Blue-
5.0 employs a random frequency-hopping scheme that tooth that offer higher speeds but more limited range. Mesh
decreases the chance of conflicts with a neighboring BLE  technologies target applications with a large number of local

device. It also works on longer-range connections with a

devices to provide coverage over an area in excess of the area
addressed by individual devices. &l

tradeoff in speed.

The IoT craze has fueled interest in
a range of wireless solutions with long-
range, lower-power, point-to-point tech-
nologies like LoRaWAN, SigFox, and
NB-IoT. They have a range on the order
of a kilometer and can penetrate barriers
(such as walls) with a tradeoff in speed.
Of the three, SigFox has been around
the longest, but LoRaWAN and NB-IoT
are just taking off and have significant
support. One advantage over mesh tech-
nologies is the lower software overhead
allowing these protocols to be used on
very lightweight microcontrollers. Each

approach offers advantages and disad-
vantages that developers will need to
take into account when choosing a tech-
nology.

5. The ruler form factor is a hot swappable, non-volatile memory system with an NVMe
interface.

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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Shrinking SWaP

to Achieve Smaller,
Faster Systems

The relentless design goal of minimizing size, weight, and power (SWaP) will be
bolstered by upcoming board systems that are equipped to meet those demands.

C/104 and the ISA bus will never go away, but

smaller-form-factor platforms like Diamond

Systems’ Zeta system (Fig. 1) are needed to mini-

mize size, weight, and power (SWaP). They also
must deliver the performance required for new applications
from drones to the latest medical equipment.

The Zeta boards employ the compact COM Express Mini
Type 10 form factor, allowing them to squeeze into small
devices. The Mini-PCle peripheral expansion is becoming
more common on small motherboards and computer-on-
modules (COMs) because it’s being used for more than adding
Wi-Fi to notebooks.

For example, Acces I/O’s mPCle-DIO-24 is a 24-channel
digital I/O with a change-of-state (COS) Mini-PCle card
that would work with the Zeta board (Fig. 2). Size and power
requirements are minimized with an FPGA. Other Mini-PCle
cards often have microcontrollers to provide more functional-
ity. In fact, the most challenging facet of Mini-PCle peripheral
cards concerns the connectors. The small size is possible using
new, compact connectors and cabling.

Curtiss-Wright’s Parvus DuraCOR XD1500 rugged mission
computer is an example of how Mini-PCle cards can be used.
The computer hosts an Intel Xeon-D with up to three Mini-
PCle sockets for peripheral expansion.

Compact boards and tiny peripheral expansion options
help to reduce size and power requirements, but not so much
in terms of weight. Significant amounts of weight in board-
level systems are often related to cooling requirements such as
conduction cooling.

The VITA 48.8 air-flow cooling standard defines a systems
approach that can cut the weight of a system almost in half
versus a comparable conduction-cooled system (Fig. 3).
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1. Diamond Systems’ Zeta board, which uses the COM Express
Mini Type 10 form factor, includes features like Mini-PCle peripheral
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2. Acces I/0’s mPCle-DI0O-24 is a 24-channel digital I/0 with change-
of-state Mini-PCle card would fit right into the Zeta board.
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The standard uses conventional 3U and 6U VPX boards,
but separates them to allow air flow between them instead
of having a conduction system move the heat away from the
boards. It eliminates a lot of metal, including channel locks,
enabling systems to be built using lighter-weight materials
such as 3D-printed plastic frames. This can have a significant
impact on cost as well lead to more flexible design options.

Keep an eye out for systems with hardware designed to sup-
port machine-learning (ML) and artificial-intelligence (AI)
applications. Platforms like Nvidia’s Jetson TX2 accelerate ML
and Al applications using the GPGPU built into the system.
Even smaller AI/ML accelerators are showing up in chips like
Intel's Movidius family.

Then there are platforms such as Movidius that target vision
processing but can be used for other jobs as well. Intel’s chips
are already used in D]JI’s drones to provide obstacle avoidance
and tracking, as well as recognizing gestures of users when the
camera is aimed at them.

Chips like Movidius would fit nicely on a Mini-PCle card.
They’re also small enough to be incorporated onto a mother-
board. Quite a few of these platforms are becoming available,
and there’s even a RISC-V array of 64-bit ET-Maxion and
ET-Minion cores in the works from Esperanto Technologies.
The AI/ML platforms are designed to minimize SWaP while
bringing significant performance improvements.

Modular, board-level systems remain the best way to
quickly incorporate diverse processing and peripherals into
an embedded solution. Commercial off-the-shelf (COTS)
platforms are diverse and address a wide range of applica-
tion requirements. Options abound for smaller, more pow-
erful systems, and they can even address the latest trends in
AI/ML. B4

3. VITA 48.8 defines an air-cooled system that’s half the weight of a

comparable conduction-cooled system.
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Find out how to

overcome your biggest
power system challenge

Power designers face many challenges.
Vicor research has identified over a
dozen challenges, but the biggest one
discussed in this white paper is changes
in specifications for the power system
during development.

This concise white paper explores:

B Today's top power system design obstacles
B The causes of specification changes

B Solution to overcoming spec changes
and other challenges

To download this white paper, simply go to

www.vicorpower.com/spec-changes

i VICOR
Spec Changes
Top List of Power
Designers’ Challenges

‘‘‘‘‘‘‘

qqqqqqqqqqqqqqqq
,,,,,,,,,,

VICOR


http://www.vicorpower.com/spec-changes

Engineering Essentials

MIGUEL MENDOZA | Senior Product Marketing Manager at Microchip Technology
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Why Do Today's Server
Applications Use 54-V
BLDC Motors?

More server manufacturers are adopting 54-V brushless dc motors over traditional
12-V BLDCs to achieve significant savings on a couple of fronts.

early everyone has heard the term “cloud-

based computing,” yet most of us who rely

on being able to access important data from

our computers and smartphones don’t think
much about where the data is actually stored. So what is cloud-
based computing? Cloud-based computing refers to a mesh
of remote servers that stores and moves data around the world
so that we can access via Wi-Fi, local-area network (LAN), or
a cellular network.

These remote servers act as a large storage device that con-
sists of clusters of servers in a warehouse commonly referred
to as a server farm. These server farms require a constant
ambient temperature (optimal temperature range is between
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1. This simplified block diagram of a 54V BLDC control circuitry identifies
typical components used to drive a 54-V BLDC motor without compromising

the proven motor-control algorithm.
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54-V
BLDC

68° and 71°F) to operate at their highest performance and to
minimize any failure. They're typically cooled by central air
conditioning or heated with central heating depending on
their location, just like a typical office space.

The actual server racks use a series of fans that cool the
electronic components inside them. As most of us have expe-
rienced, electronic equipment heats up as it’s utilized, which
eventually will affect the maximum performance of the equip-
ment. To minimize the cost and size of heat sinks, the elec-
tronics are cooled by air flow using brushless dc (BLDC) fans
to take advantage of the ambient temperature, which is kept
constant by heating, ventilation, and air conditioning (HVAC)
to cool the electronic components in the server rack.

Traditionally, server applications have used 12-V
BLDC fans to cool the electronics in a cabinet. How-
ever, just like automotive applications, 54-V BLDC
motors are being adapted for server applications for
several reasons. This article discusses the two main
reasons why server manufacturers are adopting 54V
BLDC motors rather than traditional 12-V BLDC
motors. It also breaks down the typical components
required for 54-V motor-drive applications as well as
some of the common motor-control algorithms.

TWO REASONS FOR SWITCHING TO 54-V BLDCS
oror Server manufacturers are adopting 54-V BLDC
motors over traditional 12-V BLDC motors because it
allows them to use one fourth of the current. In turn,
motor manufacturers can use thinner copper wire.
This also enables motor manufacturers to reduce the
size of the motor and, therefore, the overall cost of the
motor, because fewer raw materials are required to
perform the same work load. Secondly, server manu-
facturers save on the cost of expensive cables—one
cable can power four times the number of motors using
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54-V BLDC Motors

a54-V BLDC motor compared to a 12-V BLDC using the same
power bus gauge cable. For the same power, higher-voltage
motors can use smaller cables or a narrower PCB track width.

For example, in a 450-W server, 32 W are consumed by
the 12-V BLDC fans. The current required to power them
can be calculated simply by the power equation (P=V x I, I
=P/V,32W/12V =2.67 A). With 54-V BLDC fans, the cur-
rent required will drop to about 0.67 A, assuming the power
requirement is the same. This will allow the server engineer to
use 26 American Wire Gauge (AWG) wire rather than the 20
AWG wire required to power 12-V BLDC fans.

With regard to PCB track widths, a server engineer can use
0.012-in. PCB track widths versus 0.1-in. PCB track widths
when using 54-V BLDC fans instead of 12-V BLDC fans. That
saves considerable board area when you add up all power bus
traces in a server system.

Another benefit for server manufacturers who adopt 54-V
BLDC motors is the ability to run motors at higher speeds to
move more air density while still using the same form factor of
a traditional 12-V BLDC motor. This, however, would neces-
sitate additional current to support the power requirement
needed to increase the torque power of the motor.

For example, server manufacturers can use a 50-W BLDC
motor over the traditional 32-W motor to achieve greater air
flow. Adopting a 54-V BLDC motor would only require 0.93
A, which is considerably less current than is required by a 12-V
BLDC motor—4.17 A—to drive a 50-W motor to achieve the
same workload. On top of that, the 12-V BLDC would require
large PCB traces and larger cables, which is cost-prohibitive.
Using the 54-V bus voltage allows server manufacturers to run
fans at a higher speed to increase the air-flow density while
also reducing the cabling cost.

CHALLENGES IN OPERATING FROM 54-V SUPPLY BUS

One issue does emerge when dealing with the electronics
that drive a 54-V BLDC fan motor: Server engineers can’t use
the old 12-V hardware to drive 54-V motors. They’re required
to use electronic components with a higher operating voltage
that are suitable for a 54-V power supply with plenty of mar-
gin. Figure I shows a simplified block diagram of 54-V BLDC
control circuitry, and identifies typical components used to
drive a 54-V BLDC motor without compromising the proven
motor-control algorithm.

Nonetheless, several hardware solutions on the market can
help ease this transition. For example, Microchip’s MIC28514
75V synchronous buck regulator offers a solution for the first
stage of power conversion (Fig. 2). With 5-A output-current
capability, the device can power multiple BLDC systems from one
54-V supply rail. The MIC28514 converts the 54-V supply bus
rail to a traditional 12-V power rail with better than 90% power
efficiency. As a result, server engineers can continue to use the
same motor-control algorithms and proven active components.

22

1
o | o 2. The plot
% - =t
A A1+ shows typical
80 =
70 - L] ——| power efficien-
P e
= ] .
03;: 60 (/,, = —Voyr=1.5V4 Cyvs. output
5 50 —Vour=18V] current using
£ o —Voyr=25V] Microchip’s
' ~Your=33V) \icossia
30| .
—Vour=35V
20 —Vour=12V7| 75-V, 5-A syn-
10 [‘ I Cu"elm (Vi = |48 Y) Vour=28V 1 chronous buck
0 [ l I 1
0 05 10 15 20 25 30 35 40 45 50 regulator.

lour (A)

MOSFET drivers and MOSFET inverter circuitry will also
have to be sized up to high-voltage MOSFETS, typically an
80-V power MOSFET for a 54-V BLDC application. However,
the current requirement has been reduced to one-fourth that
of 12-V systems, and the MOSFET on-resistance is much less
important.

Microchip’s MIC4607 is an 85-V, three-phase MOSFET driver with
adaptive dead-time, anti-shoot-through, and overcurrent production.

LEVERAGING HIGH-VOLTAGE ELECTRONIC
COMPONENTS

Other chip manufacturers have developed high-voltage
integrated circuits similar to the MIC28514 75-V synchronous
buck regulator, enabling customers to utilize 54-V BLDC
motor technology without compromising the ability to use
proven motor-control algorithms and other active compo-
nents. These high-voltage devices make it feasible for server
manufacturers to adopt 54-V power bus technology and, in
turn, reduce overall system cost by utilizing smaller motors
and less copper width on PCB boards and cabling. In addition,
they have the ability to push more air with the same form fac-
tor due to increased voltage.

As cloud computing continues to grow in popularity and
functionality, server manufacturers will have to adopt the best
solutions for the best price to stay competitive in both cost and
performance. &

MIGUEL MENDOZA is a product marketing manager with Micro-
chip’s Analog Power and Interface Division (APID), based in San
Jose, Calif. He is responsible for defining, managing, and promot-
ing Microchip’s dc-dc regulators, PMICs, and MOSFET drivers. He
earned his Bachelor of Science in electrical engineering from the
Cal Polytechnic University of San Luis Obispo.
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What’s the Difference?
JIM HANDY | Semiconductor Analyst, Objective Analysis

What's the Difference
Between All Those Emerging
Memory Technologies?

There are many memory technologies competing with flash. Find out what the options

are and how they work.

othing has stayed “new” as long as emerg-
ing memory technologies. Whether they’re
MRAM, PCM, ReRAM, or FRAM (or the
many other names these technologies go by),
these names have been bandied about as the “Next Big Thing”
for decades, yet they never have hit the mainstream.
Let’s have a look at the leading ones, learn why they are con-
sidered necessary, and discover why they have taken as long as
they have to become mainstream.

WHY THEY’RE NECESSARY

Chip costs are determined by two factors:

1. The cost of manufacturing a silicon wafer; and

2. The number of chips that can be produced on that

wafer.

Semiconductor manufacturers have historically used pro-
cess technology shrinks to increase the number of chips that
can be produced on that wafer and drive down the costs out
of their chips, migrating from a 35nm process to 25nm, then
20, and so on.

As a general rule the cost to process a silicon wafer is rela-
tively constant, so the cost of a chip tends to decline in propor-
tion to the process technology that is used to manufacture it
(Fig. 1). As the process technology shrinks (across the bottom
axis of the chart), the cost of the chip should decrease in pro-
portion (the vertical axis).

Memory manufacturers believe that there is a limit to how
small a flash or DRAM process can be shrunk. This is called
the “scaling limit,” and is determined by the number of elec-
trons that can be stored on a flash gate or DRAM capacitor,
also called a “memory cell” As the process technology shrinks,
the memory cell gets smaller and the number of electrons the
cell can store declines to approach a lower limit of what can
be accurately measured. Eventually the number of electrons
on the memory cell will shrink to the point that it becomes
extraordinarily difficult to determine whether or not there are
actually any electrons on the cell at all.
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1. The relative cost of a chip is proportional to its process geometry.

(Source: Objective Analysis)

A memory cell that has been shrunk to that point can no lon-
ger shrink in proportion to the process and that means that the
die size (and cost) of the flash chip will remain the same even if
the production process used to make it continues to scale.

Back in 2003, Intel announced at its Intel Developer Forum
that flash memory could not be scaled beyond 65nm. The
company then explained its plan to move to an emerging
memory technology to continue to scale past 65nm. By 2004
the company encountered a breakthrough that allowed Intel to
move farther down the road, projecting that flash could scale
to a 35nm process, and that Intel expected to be able to shrink
even beyond that process. Then, at the end of 2007, research-
ers at Toshiba found a way to produce basic planar flash using
an 11nm process to prove that flash memory would continue
to scale for another few years.

But Toshiba also had proven a year earlier that there was a
path to continue to increase the number of bits on a chip even
past this point by tipping the entire structure on its side, thus
creating 3D NAND. This approach further postponed the end
of NAND flash, extending its life, and delaying any mass adop-
tion of any alternative technology.

JANUARY /FEBRUARY 2018 ELECTRONIC DESIGN



$100
R
$10 N — Flash

- \\\ — New Tech
o
@)
£ 8 \Q‘\
& AN
o \

$0.10 \\\

$0.01 N

& & & &

€ o (€ € S 6 6 o e

& AN A (& W&
P AP
Process Geometry

2. The end of flash scaling would open opportunities for an alterna-

tive. (Source: Objective Analysis, January 2008)

Even though the flash and DRAM businesses have enjoyed
these breakthroughs, NAND and DRAM makers continue
to expend significant research efforts to develop alterna-
tive technologies. From their perspective the scaling limit
of today’s technologies, although frequently extended, will
inevitably come upon us, forcing them to adopt some alterna-
tive technology.

Here’s how chip makers expect for this to play out. Figure 2
is a rendition of Fig. I meant to illustrate the relative costs of
flash versus some alternative technology. The chart was actu-
ally created in 2008, nearly 10 years ago, well before 3D NAND
flash was expected to extend flash technology. In the chart,
wafer costs for the “New Tech” memory technology have been
arbitrarily set to be 50% higher than that of standard flash.
Although it’s unclear how much a new technology will actually
add to the cost of a wafer in volume production, it is certain
that it will increase the cost. The 50% figure fits our needs for
the purpose of illustration.

This model assumed that the scaling limit for flash technol-
ogy would be 10nm, which, at that time, was in keeping with
Toshiba’s December 2007 announcement that was previously
mentioned. (In actuality, production NAND flash stopped
scaling at 15nm.)

The chart (Fig. 2) clearly shows that flash will lose its cost
advantage over the new technology once flash loses its abil-
ity to scale. Although the new technology has a higher wafer
cost, its ability to scale allows it to scale costs below flash’s to
become the more cost-effective technology for future genera-
tions of memory. A similar chart can be drawn for DRAM.

This crossover’s timing will depend on two factors:

1.  The actual point at which a pure silicon flash technol-

ogy loses its ability to cost-reduce; and

2. The wafer processing cost difference between a pure

silicon wafer and the wafer required for the new tech-
nology.

This juncture has been anticipated for over two decades,
but is continually postponed. Ask any chip executive, though,

GO TO ELECTRONICDESIGN.COM

and they will express certainty that a scaling limit will indeed
occur, and that limit will drive the adoption of a new memory
technology.

Let’s have a look at the leading alternative memory tech-
nologies.

FRAM

The Ferroelectric RAM, usually called FRAM or FeRAM, is
mislabeled since it involves no iron (chemical symbol: “Fe”).
Despite the technology’s name, older FRAM technologies are
based on something called a Perovskite crystal. The technol-
ogy gained its name from the fact that certain materials exhibit
hysteresis similar to that of magnetic materials. Hysteresis is
the basis for magnetic recording, and is diagrammed in Fig. 3.

B Flux density Saturation

Retentivity

\
Coercivi'y\ /
-H c

Magnetizing force
in opposite direction

/
Saturation @

in opposite direction -B

Magnetizing force

Flux density
in opposite direction

3. Hysteresis (shown above) is the basis for magnetic recording.
(Source: NDT Resource Center)

In a magnetic system a magnetizing force “H” is applied
(horizontal axis) to push the flux density “B” (vertical axis) to
be either north or south. As the force moves to the right on the
chart from (0,0) the flux density of the magnet rises to some lev-
el where it saturates. When the field is removed (returning back
to the center of the horizontal axis) the flux remains (marked
“Retentivity”), and the bit is magnetized. The curve’s vertical
axis intercept represents this remaining magnetism. Reversing
this process drives the left-hand side of the curve, and causes the
vertical axis to be intercepted in the opposite direction.

Ferroelectric memories behave much the same way, but the
horizontal axis is replaced by the voltage across a material, and
the vertical axis is used to indicate the charge.

In the past this has been accomplished through the use of
certain very unique materials known as PZT and SBT. The
storage mechanism consists of one atom in the middle of the
PZT or SBT crystal which can be moved by a positive current
to the top of the cell (the red sphere in Fig. 4) or by a negative
current to the bottom to indicate a 1 or a 0. Once moved, the
atom stays where it is until moved again, so the technology is
nonvolatile.
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Magnetic tunnel junction

Memory Technologies

The biggest drawback that has
stood in the way of the technology’s
success has been that neither of the
materials used, SBT or PZT, behaved
very nicely in a semiconductor fab-
rication plant. PZT is lead zirconi-
um titanate, and lead ions are very
mobile—they wander all over the
chip (and the entire fab) rather than
stay where they can do their job.

4. Here is a ferroelectric

Lead contamination is a big concern  PZT molecule. (Source:

in semiconductor fabs. This limited  Objective Analysis)
the technologies’ popularity.

Recently ferroelectric-style hysteresis has been identified in
hafnium oxide (HfO,), a material that is widely used in standard
semiconductor processes known as Hi-k dielectrics. This is a
more manageable material, and it is already used in high volume
in leading wafer fabrication plants, giving it a very promising
outlook for future memory technologies.

MRAM

As opposed to the FRAM, an MRAM actually does use
magnetism to store bits. This makes some people worry that
bits will be disturbed by external magnetic fields, but these
bits are flipped by energy that is applied in very close proxim-
ity to the magnet, so the local field is extraordinarily dense
compared to most externally applied fields. In other words, it
would take a big effort to cause any trouble.

Early MRAMs, now called “Toggle MRAMs” would mag-
netize and demagnetize bits by passing write currents through
write lines above and below the bit cell. These currents cre-
ated a magnetic field around the write lines that, combined,
were strong enough to magnetize the “soft” magnetic layer
represented by the green plate in Fig. 5. The blue plate, called
the “hard” magnetic layer, was insensitive to this field and
remained magnetized in the original direction set at the fac-
tory. Reversing the currents reversed the soft layer’s magnetic
moment from north to south.

Q Write line 2
2 .
< 1

Iw

Top
Bottom electrode

electrode

1 sense

Write line 1

5. Above, a toggle MRAM. (Source: Freescale Semiconductor)
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During manufacture a magnetic tunnel junction (MT]) was
formed between the hard and soft magnetic layers. If the two
layers are both magnetized in the same direction the MTJ’s
resistance is low, but if the two layers are magnetized in oppo-
site directions then the MTJ has a high resistance.

Toggle MRAM:s run into a problem as the bit cell is scaled:
The current required to flip the bit doesn’t shrink as the write
lines get smaller, so the current density increases to the point
where the wire will melt.

The solution to this problem came from the disk-drive
industry, which was already using spin torque transfer (ST'T,
also called “spin transfer torque” in some circles) to reduce the
size of the bits on HDDs. With STT the programming current
actually passes through the magnet rather than through write
lines adjacent to the bit. STT is the basis for more advanced
MRAM cells, and a further development of STT called “per-
pendicular STT” promises to take MRAM:s to tiny processes
envisioned for future chip technologies (Fig. 6).

Low resistance, High resistance,

wyn

or “0” or

Parallel Anti-parallel
magnetic magnetic
polarization polarization

6. Above is a perpendicular spin transfer torque MRAM cell. (Source:

Spin Transfer Technologies)

Because the materials needed to manufacture MRAM are
already used in very high production volumes to make silicon-
based HDD heads, their maturity is high and their interaction
with silicon is very well understood. This is a strong advantage
for MRAM technology.

Today MRAM is available in volume from Everspin, with
other companies like Spin Transfer Technologies and Ava-
lanche closing the gap. All of these companies are fabless.
Everspin’s fab partner Globalfoundries is aggressively pro-
moting the Everspin MRAM technology as a replacement for
NOR flash in ASICs and MCUs for 14 nm and tighter process
geometries.

All major memory chip makers appear to have ongoing
MRAM development efforts, but most are being relatively
quiet about them. They’re participating in MRAM develop-
ment to prepare for the inevitable end to DRAM scaling,
which seems to continually be postponed.

IBM has also done some notable research on MRAMs, with
the most intriguing technology being its “Racetrack Memory.”
In this technology (Fig. 7), a ribbon of magnetic material is
patterned onto the walls and bottom of a trench, and is treated
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current pulse current pulse
Bit string 7. Here is an illus-
domain walls
move right tration of race-
—_—
String of Bit string track memory.
about domain walls (Source: IBM)
100 bits move left
4
Write deﬁ

Read device

somewhat like a magnetic tape. Read and write head structures
are placed at the base of the ribbon to read and record data that
runs along the length of the ribbon. When a current is passed
through the ribbon, the magnetized domain walls move left or
right along the current path and pass over the heads.

PCM

Perhaps the most notable attribute of Phase-Change
Memory (PCM) is its legacy: Gordon Moore and Ron Neale
co-authored an article in Electronics Magazine in early 1970
detailing a 256-bit PCM they had developed.

PCM works by changing the phase of a special kind of glass
(Ge,Sb, Tes) within the bit cell. When a programming current
flows through the cell (Fig. 8), it heats up. A higher heating
current that is removed early causes the glass to solidify into
an amorphous, nonconductive state. Slower heating at a lower
initial temperature solidifies the glass in a conductive crystal-
line structure. Technically the amorphous state is still a liquid,
and technically a crystal is necessarily a solid, so the two states
of the cell, crystalline and amorphous, represent two of the
three phases of matter: solid, liquid, and gas. This is the basis
for the name “Phase Change Memory”

A 8. PCM works
by changing
Reset (amorphization)
o 7 |----- P the phase of a
‘E m special kind of
g Set (crystallization) glass (Ge,Sb,Tes)
T
e within the bit
cell. (Source: Intel
> Corp.)
Time
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Although Intel and Micron argued at its 2015 introduction
that their new 3D XPoint Memory was not a phase change mem-
ory, reverse-engineering of actual devices indicates otherwise.

One of the nicer aspects of PCM is the fact that the current
runs in only one direction, making the selector much easier to
design. A simple diode is all that’s needed (more on this later).

RRAM

Here’s where nomenclature gets tricky. Resistive RAM,
known as RRAM or ReRAM, is an umbrella term for any
memory whose bit state is defined as a higher or lower resis-
tance. This differs from NAND and NOR flash, as well as
EPROM and EEPROM, all of whose states are defined by a
shift in a transistor’s threshold voltage. It also differs from
DRAM, whose state consists of a charge (or lack of charge) on
a capacitor, or SRAM, whose state is the status of a flip-flop: Is
the right-hand or the left-hand transistor turned on, since they
can’t both be on at the same time?

It happens that MRAM’s mechanism involves a change in
resistance, so a liberal interpretation of RRAM could include
MRAM, and for similar reasons PCM could be called an RRAM.

Typically, though, the industry refers to other technologies
as RRAM, mainly oxygen vacancy memory (OxRAM, below)
and conductive bridging memory (CBRAM, further down.)

OxRAM

The oxygen displacement memory (OxRAM) is based on
a material similar to that used in PCM. This material, called
chalcogenide glass, can be coupled with other materials that
will remove oxygen ions when a current flows in one direction,
and replace them when the current flows in the other direc-
tion. Normally this glass is an insulator, but glass with “oxygen
vacancies” is conductive.

A number of different companies have research efforts in
this area, including Rambus (through its acquisition of Unity
Semiconductor), Western Digital (via its Contour Semicon-
ductor acquisition), HP, 4Ds, and Weebit Nano. Crossbar is
making serious progress in this effort with active sampling of
prototypes.

9. Crossbar’s

design has | Top
been called electrode
“self-selecting” 2
thanks to an
attribute that
- | Switching
eliminates medium
the need for a
selector device
on the cell.
Bottom
(Source: Cross- I electrode
bar Technology) ]
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Crossbar’s design (Fig. 9) has been called “self-selecting”
thanks to an attribute that eliminates the need for a selector
device on the cell. An un-programmed cell has no oxygen
vacancies and does not conduct current. By passing a higher
current in the right direction a conductive path is formed that
almost bridges the gap, but not quite. When a small Read cur-
rent is passed through the device in the same direction, the
final gap is bridged and the bit becomes fully conductive.

A small reverse read current (leaked from another cell)
fails to bridge the gap, to prevent the “Sneak Paths” explained
below. A larger reverse current removes the conductive path
altogether. One overhyped rendition of this an OxRAM was
HP’s “Memristor” Although the company made out that this
was a revolutionary change and was unlike any technology
that had preceded it, close inspection revealed that it was yet
another name for an oxygen vacancy memory.

CBRAM

Like the OxXRAM just described, a Conductive Bridging RAM
(CBRAM) is based on a chalcogenide glass, but its set/reset
mechanism differs: Rather than building a conductive path
through oxygen vacancies, the CBRAM moves silver ions from
the cell’s anode into the glass to create a conductive path (Fig. 10).
A reverse current moves these silver ions back into the anode.

Off state Program On stafe Erase
10. The CBRAM
T T moves silver
ions from the
Anode A
cell’s anode
LX)
MOX into the glass
dielectric
o0 to create a con-
ductive path.

(Source: Adesto

The only company actively involved in CBRAM:s at this

Technologies)

point is Adesto Technologies, whose device was initially devel-
oped at Arizona State University.

NRAM

The Nantero NRAM is a very different form of cell that uses
a pad or “fabric” of carbon nanotubes (CNTs) in a silicon well
to store bits (Fig. 11).

When a current flows through the cell in one direction these
nanotubes compress into a highly-conductive state. When the
current is reversed the nanotubes expand and become less
conductive. Programmed bits remain in their compressed
state after current is removed thanks to van der Waals forces,
a phenomenon that causes things to stick together once they
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come into intimate contact. This is a very strong force and is a
challenge to overcome in many mechanical systems, but in the
case of the NRAM it is a desirable attribute.

Nantero has licensed Fujitsu to produce its NRAM technol-
ogy, which is a very good sign: Fujitsu was the highest-volume
producer of Ramtron’s FRAM technology in the previous two
decades, having chosen this technology because of its very low
write energy requirements. Fujitsu’s approval of the NRAM
process is a very positive sign.

11. The Nantero NRAM uses a pad or “fabric” of carbon nanotubes

(CNTSs) in a silicon well to store bits. (Source: Nantero)

BULK SWITCHING

Some companies argue that there’s a statistical chance that
“filamentary memories” can have bad bits, and that the likeli-
hood that a bit will reliably program drops as the production
process shrinks. The memories that do not count on fila-
ments include PCM, MRAM, NRAM, and 4DS’ rendition of
OxRAM. To our knowledge all the others use filaments to
form the conductive path between either end of the bit cell.

SELECTOR DEVICES
One very important part of all of these memories is the
choice of selector devices. Since none of these new technolo-

gies depends on the use of transistors for sensing, they can be
built as diode arrays with the memory cell above or below the
diode. This brings space savings to the device, since diodes are
smaller than transistors.

The selector needs to have a very high ratio of on to off resis-
tance, since a crosspoint can leak currents from unselected

cells. An entire article could be dedicated to these “sneak

NRAM cross-section paths” so we won't go into that in detail here. Suffice it to say

that R&D labs are placing a phenomenal focus on selectors, as

NRAM call is evidenced by the fact that, for the past few years the IEEE’s

IEDM conference has included roughly as many selector
NRAM cell with CMOS select transistor and CNT resistive

change memory element shown in SEM cross-section. papers as memory cell papers.
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Certain companies claim to have an advantage in this realm:
Crossbar’s cell is “self-selecting,” so the selector is inherently a
part of the cell. PCM, including the Intel-Micron 3D XPoint
Memory, is unique in that it is programmed and erased with
currents flowing in the same direction. This means that the
selector can be a simple diode, whereas other selectors are
bidirectional devices.

The selector device is about as important as the memory
cell itself, as it can make or break the memory. In the future we

anticipate continuing focus on this critical technology.

KILOPASS VLT

This article would be incomplete if it omitted one more
technology. Kilopass has recently started to promote its VLT
(Vertical Layered Thyristor) technology, shown in Fig. 12, as
a replacement for SRAM and DRAM. The greatest difference
between VLT and every other technology in this article is
that VLT is not a nonvolatile memory. Instead, its a DRAM
replacement that requires no refreshing and that promises to
scale well beyond any limit that DRAM may face.

The bit consists of nothing more than the basic thyristor
and requires no DRAM capacitor. A selector is not required
either, since the device passes current in only one direction
when turned on. The bitline ties directly to the cathode and

the wordline to the anode.

Not only should VLT scale well, but the company says that it
also can be stacked, an option that appears today to be impos-
sible with DRAM. Since it’s an all-silicon technology and is
based upon existing process technology it could have strong
advantages over other technologies as a DRAM replacement.

DO SOME APPLICATIONS HAVE PREFERENCES?

I am often asked which memory technology has the best
prospects for success, and which applications are better
matched to which technology. My short reply is that none of
these technologies is particularly better suited for an applica-
tion than is any other, and that cost is the one overriding factor
that will determine their success.

A glowing example can be found with today’s mainstream
technologies: NAND vs. NOR vs. DRAM vs. SRAM. Each
of these technologies competes against the others in many
applications, even though they are extremely different from
one another. Code can be executed directly out of NOR but
not from NAND, but NAND is substantially less costly, and
NAND/DRAM combinations have successfully taken the bulk
of the cell phone market from a combination of NOR flash
and SRAM. Server users have found that they can often cost-
reduce their systems by reducing DRAM and increasing the
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Design Note

36V, 2A LED Driver with 5000:1 PWM Dimming Meets CISPR 25
Class 5 EMI Limits with Silent Switcher Architecture

Kyle Lawrence

Introduction

The LED backlights in automotive heads-up displays,
infotainment systems, and dashboard lighting must be
bright enough to compete with direct sunlight streaming
intoa car during the day, yet capable of reducing brightness
by several orders of magnitude to avoid blinding a driver at
night. Generic LED drivers struggle to achieve such high
dimming ratios.

The LT3932 synchronous step-down LED driver with
integrated 36V, 2A switches features high ratio PWM
dimming. The LT3932 houses its high efficiency integrated
power switches inside a small 4mm x 5mm QFN package,
and can be run at up to 2MHz switching frequency for a
compact, high bandwidth design. When high dimming ratio
capability is not needed, and simplicity is paramount, its
internal PWM generator can be used to produce 128:1 PWM

dimming controlled by a simple DC voltage. With built-in
fault protection to handle open and short LEDs, and spread
spectrum frequency modulation to aid in reducing EMI, the
LT3932 meets the demanding requirements of automotive
and industrial LED lighting applications (Figure 1).

High PWM Dimming Ratio

With the LT3932 operating at a dimming frequency of
100Hz and a switching frequency of 2MHz, a high current
LED design can achieve 5000:1 PWM dimming with well
regulated LED current. Furthermore, PWM and analog
dimming can be combined to push dimming ratios to
20,000:1. For applications requiring PWM dimming ratios
surpassing 5000:1, the LT3932-1, a variant of LT3932,
enables higher dimming performance with no part-defined
limitation of minimum PWM on-time vs switching frequency.
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Figure 1. 2MHz Automotive LED Driver Features Low EMI and Internally Generated PWM Dimming with 90% Peak Efficiency

Over the Input Range (~91% Efficient without EMI Filters)
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With the latest in-car automotive displays requiring minimum
dimming ratios of 10,000:1, the LT3932/-1 makes it easy
to meet otherwise daunting dimming specs.

Low EMI Silent Switcher

The extreme LED dimming requirements in automobile
applications can make it difficult to meet CISPR EMI
standards without adding costly noise-mitigating
components and complexity. The LT3932 makes it possible
to achieve both a high dimming ratio and low EMI by
incorporating a number of built-in EMI-minimizing features:

o EMI is minimized by its Silent Switcher® architecture for
low EMI hot loops.

e Built-in spread spectrum frequency modulation (SSFM)
helps to reduce both conducted and radiated EMI.

e The slew rate of the LT3932 is controlled to optimize
efficiency while maintaining low noise performance.
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Figure 2. The LT3932 Figure 1 Circuit Passes CISPR 25
Class 5 Radiated Average EMI

The efficacy of the LT3932’s low EMI technology is shown
in Figure 2—a radiated EMI scan of the production demo
circuit for the LT3932 (DC2286A). It passes CISPR 25
Class 5 average limits, as well as peak limits.

Machine Vision Applications

Modernindustrial assembly line production utilizes machine-
assisted automated optical inspection to ensure that
the fast moving parts on an assembly line meet defined
specifications. Defective parts that fail optical inspection are
tagged and automatically removed from the assembly line,
ensuring part-to-part consistency. The high speed cameras
used on these types of assembly lines require a photoflash
system capable of consistently reproducing a fixed on-time

Data Sheet Download
www.linear.com/LT3932
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Figure 3. Figure 1 Efficiency Remains High While Driving
1A LEDs at 2MHz fgy, Even with Low EMI Filters

pulse of light with a variable off-time defined by the speed
of the assembly line, as well as the spacing of the parts.

The LT3932 can reproduce a fixed on-time pulse of LED
current with an indefinite off-time by maintaining its output
charge while PWM is held low—no additional circuitry
is required. Figure 4 shows two fixed-length on-time pulses
of LED current produced by the LT3932, separated by one
hour of off-time, demonstrating the LED driver’s ability
to maintain its output charge during arbitrarily long PWM
off-times. By preserving the state of the output, the LT3932
produces consistently shaped current pulses, regardless of
the PWM off-time.

Original Pulse
)
500mA/DIV
Pulse After
ILeD 1 Hour or Longer
500mA/DIV - PWM torr

5ps/DIV

DNS70 F04

Figure 4. The LT3932 Faithfully Reproduces Current
Pulses Regardless of PWM Off-Time—Important for
Machine Imaging Applications that Demand Lighting
Fidelity Over Time

Conclusion
The LT3932 enables compact, high current LED driver
designs with excellent dimming performance. It includes a
number of built-in features to simplify the design process
of high performance automotive and industrial LED driver
applications.

For applications help, call (408) 432-1900
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12. Kilopass has recently started to promote its VLT (Vertical Layered Thyristor)

technology, as a replacement for SRAM and DRAM. (Source: Kilopass)

use of NAND-based SSDs to achieve the same performance.
NOR and SRAM win out for reasons of speed or economy
when the size of the memory is small enough that a cheaper
NOR flash or SRAM can replace a significantly larger (and
slightly more expensive) NAND or DRAM.

Decisions of which technology to use most often are based
on the total cost of the system and the performance it must
achieve. At the moment all of the emerging memory tech-
nologies defined above are challenged to approach the cost of
entrenched alternatives. As volume shipments increase that
situation should change.

WHICH WILL WIN?

Objective Analysis expects for the memory
that races down the cost curve the fastest will
stand the greatest chance of winning the bulk of
the market.

Intel is forcing its 3D XPoint Memory down
NPN  the cost curve by manufacturing significant vol-
umes at a loss. The company can afford to do this
because it believes that 3D XPoint is required
to support the company’s higher-performance
CPUs. Any money that Intel loses on 3D XPoint
sales will be recovered through the sale of more
costly processors.

Other technologies don’t have this advantage, and must be
sold at a profit to make any sense. This is a chicken-and-egg
problem: To reach high volumes any emerging memory must
sell at competitive prices, but costs will prohibit that until high
volumes are reached.

If DRAM and NAND flash do finally hit their scaling limits,
then these technologies can become cost competitive after a
couple of scaling nodes have been missed, as was shown in Fig.
2, but until that time they will be relegated to those niches that
can tolerate their higher costs in return for some indispensable
technical advantage. &=l

Tiny High Performance RTC Modules with embedded
Crystal from the World's Leading Manufacturer

Features: World’s Smallest Temperature Compensated RTC, High Accuracy, Lowest Current Consumption, Reliable Ceramic
Package Technology, High Volume Production. Extended Temperature Range up to 125°C for AEC-Q200 Automotive Qualified

Products.
5.0 x 3.2 mm Package C2

Type Interface
RV-8803-C7 12C
RV-3029-C2/C3 12C
RV-3049-C2/C3 SPI

Supply Voltage
1.5t0 5.5V
1.3t0 5.5V
1.3t0 5.5V

RV-1805-C3 12C
RV-2123-C2 SPI
RV-8523-C3 1’C

1.5to0 3.6V
1.1to 5.5V
1.2to 5.5V

RV-2251-C3
RV-8063-C7
RV-4162-C7
RV-8564-C2/C3

0.9 to 5.5V
0.9 to 5.5V
1.0to 4.4V
1.2to0 5.5V

“’ ql Micro Crystal AG
——— Muehlestrasse 14 CH-2540 Grenchen Switzerland
AWHENS—— | rhone+41326558282 Fax+4132 655 82 83

MICRO CRYSTAL SWITZERLAND  sales@microcrystal.com www.microcrystal.com
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Time Accuracy

+3ppm @ -40 to +85°C
+6ppm @ -40 to +85°C
+6ppm @ -40 to +85°C

+2ppm
+20ppm @ 25°C
+20ppm @ 25°C

+20ppm @ 25°C
+20ppm @ 25°C
+20ppm @ 25°C
+20ppm @ 25°C

3.7 x 2.5 mm Package C3

3.2 x 1.5 mm Package C7
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Features

Miniature, High Accuracy, Ultra Low Power
High Accuracy, Ext. Temp. Range: up to 125°C
High Accuracy, Ext. Temp. Range: up to 125°C

X-TREME Low Power
Ultra Low Power
Ultra Low Power

@ 25°C

Backup Supply, Battery Management, 2 Alarms
Miniature, Popular Standard

Miniature, Popular Standard

Popular Industrial Standard

e ¢ € Q
A COMPANY OF THE SWATCH GROUP
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Fast Pulse Test Systems from Avtech

Avtech offers over 500 standard models of high-speed pulse
generators, 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

AVO-8D3-B:500 Amp, 50 Volt
pulser

AV-1010-B: General purpose
100V, 1 MHz T B ot
pulser
50 V/DIV
AVO-9A-B: 200 ps tr, 200 mA 5 ns/DIV
AVR-E3-B

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

100V 300 ps 0.02 MHz AVI-V-HV2A-B
50V 500 ps 1 MHz AVR-E5-B
20V 200 ps 10 MHz AVMR-2D-B
15V 100 ps 25 MHz AVM-2-C
15V 150 ps 200 MHz ~ AVN-3-C
0V 100 ps 1 MHz AVP-AV-1-B
0V 50 ps 1 MHz AVP-3SA-C

5V 40 ps 1MHz  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
an ultra-high-speed socket,
suitable for use with

sub-nanosecond pulses. ; 4?',,"'5%?\',\[
Models with maximum pulse

currents of 0.1A to 10A are /

available, with pulse widths ] o
from 400 ps to 1 us. v

- Model AVO-9A-B

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

100 to 1000 Volt Lab Pulse Generators

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

200 V/IDIV
400 ns/DIV
— Model AVR-8A-

See additional test results at:
http://www.avtechpulse.com/medium
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Communications
LOU FRENZEL | Contributing Editor

Wireless Technology:
The Existential Necessity of Life

We take a look at the technology behind the technologies like LTE, 5G, and Wi-Fi and
how it is continuing to improve.

ireless technology dominates our
lives these days, yet most of us do not
notice until it isn’t there. We take our
smartphones and Wi-Fi connections
ly expect them to work. Wireless services
have become like electricity. How can we live without them?
Here is a look at the dominant wireless technologies like LTE,
5G, and Wi-Fi and how they are continuing to improve.

forg an

WIRELESS UPDATE

The wireless technologies we all use daily are cellular LTE
and Wi-Fi. LTE is gradually morphing into 5G and Wi-Fi con-
tinues to get better. The common theme behind the recent and
coming improvements is faster data rates and increased capac-
ity. Video demand is the primary reason for the need for more
speed. Wireless standards continue to meet that expectation.

GO TO ELECTRONICDESIGN.COM

Wi-Fi. The IEEE 802.11 working group and the Wi-Fi Alli-
ance over the years have given us a continuous upgrade path
for our wireless LANs. New standards are always in the works
and WLANS continue to get faster and serve more users.
Many users have still not upgraded from the breakthrough
802.11n version that first incorporated MIMO. The next logi-
cal upgrade step is 802.11ac. This version called Wave 1 uses
the 5 GHz band only and makes use of three spectral streams,
20/40/80 MHz channels, and 256QAM to achieve data rates
to 1.3 Gb/s. The Wave 2 version of 802.11ac uses four spatial
streams, channel bonding, and up to 160 MHz bandwidth,
and introduces multi-user MIMO. This serves more users and
boosts data rate to a peak of 1.7 Gb/s.

Now the 802.11ax standard has come along to provide an
even more aggressive upgrade. This standard has not been
finally ratified but, as usual, chip companies have already
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implemented it. Final approval is expected in 2019. 11ax uses
either 2.4 or 5 GHz channels, switches from OFDM to OFD-
MA, adds 1024QAM with FDD, and uses narrower subcarri-
ers. OFDMA permits multi-user MIMO, so it adds capacity as
well as greater speed. Speeds peak at 7 Gb/s under ideal condi-
tions. This standard also supports mesh networking.

Broadcom’s new Max WiFi devices (BCM43684, BCM43694,
BCM 4375) for 11ax promise to improve download speeds by
four times, upload speeds by six times, better coverage by four
times, and battery life by seven times over the current 802.11ac.
Chip company Quantenna Communications’ new QSR10R-AX
chip packages three 4x4 MIMO 11ax radios on a chip, making it
easier to implement mesh access points (APs).

A somewhat forgotten technology is WiGig or the 802.11ad
standard that uses the 60 GHz band. Speeds to 7 Gb/s are pos-
sible, but the range is restricted to about 10 meters with line-of-
site coverage and no wall penetration. It uses a phased array with
beamforming to achieve its coverage. WiGig has been around

AD9371
RX1+
RX1— \PF Dec;?lzﬁon, -
RX2+ (X 2 X anc DC offset, Y S
QEC, Tunin, Q
RX2— LPF , Tuning, a
RSS!, Overload 5
IR
RX_EXTLO+
LO generator
RX_EXTLO- synthe5|zer
External option
X1+ Txi SPI port O spl
™I T LPF
™+ (X % [ pac Sk ®
b %
™2- LPF QEC, O &
| (X % [ pac Tuning, i
Interpolation -
TX_EXTLO+ 8::'
- LO generator RF
TX_EXTLO- g synthesizer GPIO, :
External option ADXADC, O =
AUXDAC O
LO generator
RF \ Zz
synthesizer Clock VY.
) generator _C) d| o
Observation RX J o
ORX1+ () ~ fafta)
ORXI- %‘ 5
ORX2+
ORX2- O ] @T
Decimation,
PFIR,
SNRXA+ Sniffer RX LPF o 3
— ofrset, Q
SNRXA: |% ADC | | QEC, '() S
SNRXB+ » [ Tuning @
SNRXB- LPF RSSI,
SNRXC+ = H  Overload
SNRXC-

1. Analog Devices’ AD9371 dual transceiver operates up to 6 GHz

and is finding a home in some 5G products.
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for several years now but not been widely deployed. Wireless
virtual reality headsets are said to be one possible application.

A new wireless LAN technology on the horizon is visible
light communications. Also known as LiFi, this developing
LAN technology uses visible light as the carrier. The data
stream modulates standard LEDs in light fixtures. Data rates
as high as several hundred Mb/s have been demonstrated but
lower rates are more typical. One form of implementation is
an LED light bar, designed to replace fluorescent tubes, that
incorporates the LiFi circuitry. The range is short and there
is no wall penetration making this type of LAN very secure.
Dongles containing a photodetector are currently used on
laptops or other computers to link to the network.

LTE. Long Term Evolution is our current 4G worldwide cel-
lular standard. Like other good wireless standards it has been
continuously improved through a series of upgrade Releases
by the Third Generation Partnership Project (3GPP). Virtual-
ly all major carriers implement it and follow the upgrade path.
Currently many carriers are incorporating the LTE Advanced
version as defined by 3GPP Release 10. LTE-A adds carrier
aggregation (CA) and higher-level 8x8 MIMO. CA allows
operators to combine up to five 20 MHz channels (contigu-
ous or non-contiguous) into one channel as a way to boost
data rate. Along with higher MIMO, the potential maximum
data rate is 1 Gb/s. The next upgrade is to Release 13, LTE-
Advanced Pro that permits up to 32 CA, making LTE speeds
even faster. It makes one wonder why we need 5G. LTE will be
with us for decades to come, even when 5G arrives.

And let’s not forget that LTE is increasingly being used for
some IoT/M2M applications, thanks to the new LTE-M and
NB-IoT standards. New LTE-M (Cat 1) modules are available
from Link Labs and Gemalto.

5G ANTENNA ARRAY FORMATION _ - -~ -
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2. The Anokiwave AWA-0134 contains PAs, LNAs, phase shifters,
attenuators, and switches that simplify phased-array construction to
meet MIMO and beamforming requirements.
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5G. The Third Generation Partnership Project (3GPP) is
still working on 5G, but concurrently companies are testing
5G New Radio (NR) equipment. And we should see a first
draft (Release 15) during 2018.

The goals for 5G are a user capacity of x100 existing LTE
capability, downlink data rates up to 10 Gb/s, and a latency
of less than 10 ms. Here are the highlights of the proposed 5G
standard to meet these goals.

« Spectrum. The major carriers will

would seem that data rates should have topped out long ago.
Antenna technology like MIMO, phased arrays, and agile
beamforming and steering have made it possible to continue
to boost data rates while accommodating more users with the
same or less spectrum.

MIMO. Multiple input, multiple output is a system of mul-
tiple transmitters, receivers, and antennas for boosting data
rate and adding reliability to a wireless system. Data is divided

use their below-6 GHz spectrum licenses.
The 3.5 GHz Citizens Broadband Radio
Service (CBRS) now used by the military
may see some 5G usage on a shared basis.
The major trend is to build out a network
in the millimeter wave bands. In the
United States, the 28 GHz and 39 GHz
bands will be the new operational space.
AT&T, T-Mobile, and Verizon have com-
mitted to this spectrum.

« Small Cells. A dense collection of
small cells will supplement traditional
LTE basestations. These miniature cell
sites will attach to light poles, the sides of
buildings, and on other structures. Get-
ting permissions to install the small cells
is turning out to be a major problem and
will no doubt slow implementation of
full 5G networks. Providing power and
backhaul are related issues.

» Modulation. Some form of OFDMA
with different subcarrier bandwidths
from LTE’s current 15 kHz to 30-240
kHz. Adaptive modulation to 256QAM.

« Duplexing. Time division duplex-
ing (TDD) rather than frequency divi-
sion duplexing (FDD) that requires
twice the spectrum.

o Coding. New channel cod-
ing includes low-density parity check
(LDPC) for data and polar coding for
control.

o Antennas. Massive, multi-user
MIMO and agile beamforming antennas.

MULTIPLE ANTENNAS ARE THE
SOLUTION

Wi-Fi, LTE, and 5G all have one thing
in common. Their increases in data rate
and user capacity have come primar-
ily from advanced antenna techniques.
With spectrum limited and most tech-
nologies up against Shannon’s law, it

GO TO ELECTRONICDESIGN.COM
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FREE BUT PRICELESS SERVICES
FOR YOUR PCB 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!
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Wireless Technology

into separate serial streams that modu-
late transmitters on the same frequency
band. Spatial diversity creates different
signal paths with unique spectral char-
acteristics that allow multiple receivers
and advanced signal-processing tech-
niques to separate and reproduce the
data streams. The result is an increase
in data rate by a factor of the number of
paths created.

An enhancement to MIMO is mul-
tiple-user MIMO or MU-MIMO. This
permits two or more simultaneous data
streams to serve different users. Differ-
ent antennas are assigned to each user
so they get maximum data rates. MU-
MIMO is still not widely implemented
but the most recent standards 802.11ac/
ax have adopted it. Both AP/routers and
mobile terminals must support the tech-
nology for it to be useful.

MIMO is the key technology for all
new Wi-Fi, LTE, and 5G products. But
it has also initiated the need for fast,
low-cost testing solutions. Over-the-air
(OTA) testing is a must.

Phased Arrays. Another antenna
technology that makes the modern wire-
less systems possible is the phased array.
This is a matrix of multiple antennas
such as tiny dipoles or patches spaced by
at least one half wavelength and driven
by multiple transmitters. By controlling
the phase and amplitudes of the signals
applied to the antennas, it is possible
to combine the beams of each antenna
so that the electromagnetic waves mix
in an additive or subtractive way. The
result is narrow beams that focus the
signal and provide gain. In addition to
this beamforming, control of the sig-
nals to the antennas can make the beam
steerable in azimuth, elevation, or both.

On the receive side, the multi-element
array feeds the signals to LNAs and indi-
vidual phase shifters. The resulting sig-
nals are combined to form the composite
signal. Agile beamforming and steering
let the antenna focus on individual clients.

Multiple companies are now address-
ing the phased array. Analog Devices’
AD9371 dual RF transceiver is making it

easier to build phased arrays with beam-
forming. This IC shown in Fig. 1 on
page 36 includes two transmitters and
two receivers that operate at frequen-
cies up to 6 GHz. It supports FDD and
TDD operation. When combined with
the phase shifters and amplifiers/attenu-
ators, this transceiver provides most of
the circuitry to build large MIMO and
beamforming phased arrays.

A fully integrated phased-array
device is Anokiwave’s AWA-0134, a
256-element electronically scanned
antenna for 5G applications (Fig. 2 on
page 36). The IC operates in the 28
GHz band and contains four each sets
of power amplifiers (PAs), low noise
amplifiers (LNAs), plus related phase
shifters, attenuators, and switches; 64
of these chips go to operate the 256-ele-
ment array. Anokiwave has a family of
chips that support four radiating ele-
ments with 5-bit phase control and 5-bit
gain control. ICs are available for the 26,
28, and 39 GHz 5G bands.Ethertronics
recently announced its next-generation
Wi-Fi Active Steering platform, based
on the EC477 Active Steering Processor
and the EC624 Active Steering Antenna
Switch. This solution doubles through-
put, range, and efficiency for high-per-
formance 802.11ax/802.11ac systems
and has been optimized for current Wi-
Fi access point and client solutions. The
technology implemented in the EC477/
EC624 family provides support for up
to 8x8 MIMO in 802.11 applications as
well as performance and scalability for
next-generation 802.11ax applications.

Movandj, a venture-backed startup, has
a new RFIC front-end called BeamX that
integrates RF, antenna, beamforming,
and control algorithms into a modular
5G millimeter wave solution targeted for
Customer Premises Equipment (CPE),
small-cell, and base-station applications.
Movandi has 28 and 39 GHz versions.

Now, what is the design solution for
integrating 5G mmWave antennas into
a handset with existing antennas for LTE
cellular with MIMO, Wi-Fi, Bluetooth,
and GPS? =
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Lab Bench
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bill.wong@informa.com

Improving Code Quality

in the New Year

Are you going to reduce bugs and improve security and

code quality in 20187

don’t intentionally put bugs into my code. Do you?
Probably not, but having coded for decades I know that
those nasty critters sneak in whether we like it or not.
Ispenta good deal of time coding in assembler. It was
make errors because a programmer needed to do most
of the checking. Moving to a high-level language improved the
development process, but C traded off some common bugs for
others—like using a single equal sign (=) instead of a double
equal sign (==), causing an assignment when I intended to do
a comparison in an IF statement. Sometimes the code would
work because the value being assigned matched the result of
what the comparison should have resulted in.

Programmers often dismiss these kinds of bugs as trivial,
which they are, but they are ones that can result in problems
that are hard to find and fix—ones that cause major headaches
when the code is in the field.

There are many tools and meth-
odologies that can improve the
development process, like static
analysis tools or code reviews. The
difference between the two is that
the former uses a computer while
the latter involves human beings,
although machine learning is start-
ing to tackle code reviews. Still, while
many will probably not be offended by having another person
review their code, they may scoff at having the computer do
it. Unfortunately, the computer is a lot better at tracking down
those nitpicking bugs like in the above assignment/comparison
example. Our Electronic Design Embedded Survey indicated
that many (but not most) are using static analysis tools.

Now it is true that many C/C++ compilers can check and
warn about such problems, but only if the developers take
advantage of this and enable those options. Likewise, most
static analysis programs are much more sophisticated. They
can find more complicated problems, from identifying dead
code to detecting semantic errors the compiler cannot.

Languages have been devised that address some common
errors like memory management. Java is one example of a lan-
guage that has garbage collection support as part of its speci-
fication. One can argue about the usefulness of this feature in

GO TO ELECTRONICDESIGN.COM

embedded applications, but it is only one way to approach the
problem.

Another language that looks to address memory manage-
ment is Rust, which is new but growing in popularity. It uses
the manually managed storage approach common in C and
C++ while placing restrictions on the use of pointers and
allocation procedures. Unfortunately, there are no commercial
Rust compilers at this point, which makes its use moot for
many embedded applications.

SPARK, a provable subset of Ada, takes the idea of static
analysis to the extreme. The problem with applying static anal-
ysis to C and C++, versus SPARK, is that the languages were
not designed to allow developers to indicate the intent of their
code. Likewise, many of the techniques available are deficient
from a static analysis point of view, making it difficult at best
for a static analysis tool to determine
a programmer’s intent.

Ada 2012 included the concept of
contracts. This allows a developer
to indicate what kinds of arguments
can be accepted and what kinds of
actions/results will occur. Contracts
can set up to emit code for this type of
checking, but with SPARK these con-
tracts can be used to analyze the code.
The analysis can determine whether the code will actually do
what the developer desires. T

Most programmers will be unlikely to switch programming
languages at this point, but picking up SPARK and Ada is a
relatively easy chore for C and C++ programmers. There are
many advantages to switching besides contracts, but starting
to use static analysis tools with C and C++ will be a major step
forward for most companies, as reducing bugs is important for
safety and security too.

There are a number of vendors that provide static analysis
tools, including Adacore, Rogue Wave Software/Klockwork,
Grammatech, LDRA, Parasoft, Programming Research, and
Synopsys. There are also some open-source tools, including
cppcheck and the Eclipse Codan (CODe Analysis) project.
Most of these tools will support the majority of MISRA C/
C++ rules. &

39


mailto:bill.wong@informa.com
http://electronicdesign.com

DirectConnection

Texas Instruments is looking to fill engineering positions working

with semiconductor technologies. We are recruiting @ various

CITY
Dallas/Richardson, TX

Santa Clara, CA

POSITION

Application Developer
Applications Engineer
Applications Manager

Digital Design Engineer
Manufacturing Product Engineer
Process Development Engineer
Product Engineer

Product Engineering Manager
Software Development Manager
Software Engineer

Test Engineer

Test Manager

Analog Design Engineer
Analog Design Manager
Digital Design Engineer
Product Engineer

Product Marketing Manager
Systems Engineer

educational and experience levels:

APPLY FOR JOB USING THIS LINK
https://tinyurl.com/y8803arn
https://tinyurl.com/mdyea5c
https://tinyurl.com/mfors5b
https://tinyurl.com/k4vss9c
https:/ftinyurl.com/y9geo6u4
https:/ftinyurl.com/Ipce20z
https:/ftinyurl.com/Irk3knz
https:/ftinyurl.com/qcdmx3t
https://tinyurl.com/ohzev3v
https:/ftinyurl.com/Izd3qkv
https://tinyurl.com/qgy7vap
https://tinyurl.com/mvhbmdg

https:/ftinyurl.com/ke86n90
https://tinyurl.com/lbjtqab
https://tinyurl.com/lyameu6
https://tinyurl.com/kkwpd5|
https:/itinyurl.com/I3dq6rv
https://tinyurl.com/k7dyfnp

INDEX
Ad

4 Star Electronics
Acces 1/0 Products
Avtech Electrosyst
Beta-Layout USA
Carlo Gavazzi Automation Components .. 17
Coilcraft 1

Dean Technology ........ccevecececueninnencccens 2
Digi-Key FC, IFC
Digi-Key ST2
Hammond Mfg. Co. Inc. .....cccceveuvviuenenes 30
Harwin

Ironwood Electronics Inc ...
IXYS Colorado.....
Keystone Electronics.
KOA Speer Electronic:
Linear Integrated Systems.. .6
Linear Technology Corporation ... 32a-b, B

Memory Protective Devices....

Micro Crystal Ag...........

Mouser Electronics..........cocoeeeeceevereeneenee ST7
Newark STS
Newpower Worldwide..........c.cccveueunnne ST17
ON Semiconductor.... 15
PCBcart (General Cir

Quest Components
Radicom Research
Rochester Electronics
Sager Electronics.......

Snyn Electronics............ ek
Stanford Research Systems.........ccccceeue... 10
Tadiran Lithium Batteries.............c.ccc........ 23

Test Engineer https://tinyurl.com/Igtcyur TDK-Lambda Americas InC............c.oeuu..... 9

. ) . TT Electronics/Optek Technology ............ 19
Southfield, Ml Tech Sales Rep/Engineer https://tinyurl.com/ycbhheu2 TTI Inc P S ot
Vicor Corp 20
Some positions may require travel. For more information on products

or services visit our website
www.electronicdesign.com, menu item
Reader Service. The advertisers index is pre-
pared as an extra service. Electronic Design does
not any liability for omissi or errors.

Please send in resumes using the individual URL code for the position listed. EOE.

THE ORIGINAL SINCE

CB-PNNOL

Beta LAYOUT

GHz Bandwidth Sockets
for BGA & QFN

Industry’s Smallest Footprint
e Pitch - 0.3mm to 1.27mm - =
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e Bandwidth to 75+ GHz
* Six different lid options

Printed Circuit Boards
from Prototype to Production

* Optional 500,000 insertions
* Heatsinking to 100 watts

FREE Laser SMT Stencil
with every prototype order
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EMAIL | contactus@accesio.com
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P RO D l | < | S | N ( 10623 Roselle Street
° San Diego, CA 92121

ACCES I/0 PRODUCTS INC. — THE GUYS TO KNOW FOR I/O

ounded in 1987 in San Diego, ACCES (Acquisition Control Communication Engineering/Systems)

supplies an extensive range of data acquisition (DAQ) products and solutions, including more than 350

COTS products incorporating over 900 product customizations. These products include analog input,
analog output, digital, serial communication, and isolated I/O boards and solutions. Our target markets include
Military and Aerospace, Medical, Transportation, Automation, and Energy to name a few. ACCES also offers
complete systems, integration services, and enclosures with a quick turnaround on custom projects, including
software. ACCES products are designed for use with Ethernet, PCI Express, PCI Express Mini Card, USB,
USB/104, USB/PICO, PC/104, PCI, Ethernet, and ISA, as well as distributed, wireless I/O, and computer-on-
module (COM) form factors.

ACCES I/O’s leadership in its target markets is the result of technical innovation, breadth of product line,

and the indisputable price/performance value that ACCES offers users in solving their real-world industrial/
scientific data acquisition and control needs. ACCES is staffed by experienced engineering and technical sales
professionals whose decades of cumulative instrumentation expertise have led to a very high degree of product
reliability and customer satisfaction.

RUGGED, INDUSTRIAL-STRENGTH
USB-EMBEDDED 1/0 SOLUTIONS

ACCES I/0 PRODUCTS offers USB-based data acquisition
and control in both standard packaging and embedded

OEM USB/104 board-only options. These USB DAQ devices
are perfect for a variety of applications requiring monitoring,
control and industrial serial communications. Add the features
you need in your application in hours, not days. Choose from
over 100 different models and options (including extended
temperature) encompassing analog /0, digital I/O, counter/
timer, and serial /0 configurations.

»
-
-

e
e
-
.
-

NEW PCI EXPRESS MINI CARD 1I/0

RUGGED, INDUSTRIAL-STRENGTH PCI Express Mini Card
Embedded I/0 Solutions is a new product line from ACCES
I/0O Products. This small form factor measures just 30 mm
x 51mm and allows for quick and easy I/O expansion in
most newer embedded systems. All mPCle cards include
high retention-latching connectors for shock and vibration
mitigation and industrial operating temperature (-40°C to
85°C).

MIACCES
I/0 PRODUCTS, INC.
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A huge, pre-designed and tested
selection of product tweaks and options!

25 years of product development
SFF, Embedded, Deskiop, Distributed - We-have'it!
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“Thanks t again ...\ | \really .do appreciate the great support.
A lot of companies don’tioffer it and it makes a big difference.”

“I've requested support from companies like Hewlett Packard, Keithley, and Dell.
Your customer support meets or exceeds my experience with other world-class
companies. My company uses your products now and with the customer
commitment you have shown, we will continue to use them in the future.”
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“...the documentation, the device-driver source-code and level of technical support that you provide,
- are much better than those of any other vendor of PCI 1/0 cards
P(( ; > that | researched while looking for I/O cards.”
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Systems Pico-I/O USB/104 PCI-Express PC/104 usB PCIe Mini COMs

A To learn more about our OEM Embedded I/O boards visit our website,
[’ or call 800 326 1649. Come visit us at 10623 Roselle Street, San Diego, CA 92121
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MegaBots founders
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MURRAY SLOVICK | Contributing Editor

Making the Jump 1o

Wide Bandgap Power

What was once only the potential for significant power electronics advances
has now become a workaday reality, as SiC and GalN enable operation at higher
voltages, temperatures, and switching frequencies while raising efficiency.

ilicon’s 20th century domi-
nance in power electronics
applications has been erod-
ing for some time now. As

Dielectric X-over

—

Source F

MIM capacitor

i-Gan

engineers extract dwindling amounts of
additional performance from silicon ICs,
they are looking to wide-bandgap (WBG)
materials to develop next-generation pow-
er electronics. Examples include silicon
carbide (SiC) and gallium nitride (GaN).
Materials that have a wide bandgap are
inherently applicable in high-power elec-
tronics, as they have a higher breakdown voltage and are able
to run at higher temperatures when compared to materials
with narrow bandgaps, such as silicon.

SiC and GaN also offer the potential for smaller, more
robust power devices, which switch faster and are more ener-
gy-efficient than Si-based devices. SiC and GaN products, in
demand for electric-car and mobile-device applications, per-
form much better than Si in reducing on-state resistance and
shrinking package size. This results in faster charging, lower
power consumption, and more efficient energy conversion.
Generally speaking, SiC power semiconductor devices are
being specified for applications with high power capacity (in
excess of 600 V) and GaN for applications involving medium
to low-power capacities.

Silicon carbide has become an attractive alternative to Si in
applications requiring efficient high-voltage, high-frequen-
cy power conversions. SiC power devices operate at higher
switching speeds and higher temperatures with lower losses
than conventional silicon. In addition, SiC allows inverters and
other energy-conversion systems to be built with improved
power density and energy efficiency at lower cost. Almost all
the OEMs and Tier-1s are using or testing SiC devices in elec-
tric and hybrid electric vehicles (EVs and HEVs).

Similarly, GaN possesses high breakdown voltage and low

L6
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Semi-insulating 4H-SiC

Substrate via

1. Shown are the GaN HEMT MMIC semiconductor process components from Wolf-
speed. On the subject of frequency bands per amplifier, the company’s literature says,
and we kid you not, that it has “more bands than Woodstock.”

conduction resistance characteristics, thereby enabling high-
speed switching and miniaturization. Unlike conventional
Si transistors, which require bigger chip areas to reduce on-
resistance, GaN devices have smaller sizes (and lower parasitic
capacitance) for high-speed switching. Miniaturization is pos-
sible in part because of the smaller passive components needed.

Let’s now look at recent developments in SiC and GaN one
at a time.

GaN

According to a new report from MarketsandMarkets, “Gal-
lium Nitride Semiconductor Device Market—Global Forecast
to 2023, the GaN semiconductor device market is expected
to reach $22.47 billion by 2023. It will chalk up a CAGR of
4.6% between 2017 and 2023. In 2016, optoelectronic devices
held the largest market share. (GaN LEDs are widely used in
laptops and notebooks, televisions, and signs). Yet the market
for GaN-based inverters for motor drives is expected to grow
significantly during the forecast period. Indeed, another mar-
ket research firm, Yole Développement, is even more optimis-
tic. While the power-supply segment will remain the biggest
application for GaN, it suggests that the data-center market
is adopting GaN solutions as well—driving a 114% CAGR for
power supplies through to 2022.

ELECTRONIC DESIGN



The advantages of high-voltage GaN field-effect transistors
(FETs) are best seen when used in power electronics sys-
tems including power supplies, servo motors, and photovol-
taic inverters. Yaskawa Electric Corp’s -7 F is the first servo
motor to use high-voltage (HV) GaN, in this case provided by
Transphorm (and precipitated by a $15 million investment in
Transphorm from Yaskawa Electric). The AEC-Q101-quali-
fied, 650-V GaN semiconductors enabled Yaskawa to develop
an integrated servo motor half the size of a similar design
using Si technology. The key achievement here is that the X-7
F integrates the servo amplifier with the servo motor itself.
According to Yaskawa, the topology will be deployed across its
full -7 F product line, which currently includes three servo
motors ranging from 100 to 400 W.

By integrating the driver in the same package, as Texas
Instruments has done with its TIDA-00915 reference design,
it’s possible to reduce parasitic inductances and optimize
switching performance. This approach reduces power loss,
allowing the designer to downsize the heat sink. Such space
savings are beneficial for compact servo drives and motor-
integrated drives. Operating the inverter at a high switch-
ing frequency of 100 kHz reduces the current ripple, which
improves torque ripple when used with low-inductance
motors. The three-phase inverter design for driving 200-
V AC servo motors (with 2 KWPEAK) is built around six
of TI’s LMG3410 600-V, 12-A GaN power modules. They
allow switching up to five times faster than silicon FETs, while
achieving efficiency levels said to be greater than 98% at 100
kHz and 99% at 24 kHz pulse width modulation (PWM).

Designed to help engineers evaluate USB power-delivery
(PD) adapters and dongle solutions featuring power and data,
Navitas Semiconductor has developed what is reportedly
the smallest 65-W USB-PD laptop adapter. It minimized the
size, weight, and cost of transformers, filters, and heatsinks
through the use of AllGaN Power ICs. The part delivers 65
W in only 2.7 in.3 and weighs only 60 g. By contrast, existing
silicon-based designs can require 6 to 7 in.3 and weigh over
300 g. The new reference design uses its GaN power ICs in an
active-clamp-flyback (ACF) topology running 3x to 4x faster
and with 40% lower loss than typical adapter designs. The firm
says that its AllGaN 650-V platform process design kit (PDK)
monolithically integrates GaN power FETs with logic and
analog circuits, enabling smaller, high-energy-efficiency and
lower-cost power for mobile, consumer, enterprise, and new
energy markets.

A promising approach to long-distance, high-capacity wire-
less communications is to utilize the 75 to 110 GHz W-band
and increase output with a transmission power amplifier.
Fujitsu has succeeded in developing a power amplifier for
use in W-band transmissions that offers both high output
power and high efficiency, improving transistor performance
through the reduction of electrical current leakage and inter-

GO TO ELECTRONICDESIGN.COM

nal GaN high-electron-mobility-transistor (HEMT) resis-
tance. The company has achieved 4.5 W per millimeter of gate
width, which is said to be the world’s highest output density in
the W-band. In addition, it has confirmed a 26% reduction in
energy consumption compared to conventional technology.

The latest GaN-on-SiC HEMTs from Cree’s Wolfspeed
(Fig. 1) comprise a series of 28-V RF power devices that can
operate to 8 GHz. The new devices were developed using
Wolfspeed’s 0.25-um GaN-on-SiC process. They are designed
with the same package footprint as the previous-generation
0.4-pum devices, making it easy for RF design engineers to use
them as drop-in replacements. The new GaN HEMTs are said
to deliver 33% higher frequency operation to 8 GHz (from 6
GHz) as well as a 5% to 10% boost in operating efficiency com-
pared to Wolfspeed’s earlier-generation devices. The higher
efficiency and bandwidth capability make these devices well-
suited for a range of RF power amplifier applications including
military communications systems, radar equipment, electron-
ic warfare (EW), and electronic countermeasures (ECMs).

With the continuing development of GaN HEMTs, new
topologies and control methods are challenging classic power-
supply architectures. In soft switching applications, for instance,
GaN HEMTs have the potential for very high switching fre-
quencies. In contrast, silicon-based counterparts are limited to
low and moderate switching frequencies. An example is satellite
networks, which are used for high-speed communication dur-
ing natural disasters and in areas where ground networks are
difficult to construct. Currently, they are implemented mainly
in the C-band (4 to 8 GHz) and Ku-band (12 to 18 GHz).

Higher frequencies are increasingly being explored, however.
In response, Mitsubishi Electric has launched a Ka-band (26 to
40 GHz), 8-W GaN HEMT monolithic microwave integrated
circuit (MMIC) amplifier for satellite earth stations (Fig. 2). Its
new GaN-HEMT MMIC, which offers low distortion and an
output power rating of 8 W, boasts a small footprint that will
help to downsize power transmitters. Features include one-chip
integration of amplifier transistor circuits, matching circuits,
and a built-in distortion-reducing linearizer.

SiC

Today, SiC technol-
ogy’s added value is
widely understood and
accepted by the power
electronics commu-

2. Solutions like the MGFG5H3001
Ka-band GaN-HEMT MMIC from
Mitsubishi will help meet the growing
demand for higher-frequency satellite
deployments. The company began
shipping samples in November.

(Continued on page L22)
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BATTERIES

MANUFACTURER OF LITHIUM BATTERIES
PROVEN TO LAST FOR 40 YEARS

adiran is the leading manufacturer of bobbin-type lithium thionyl chloride (LiSOCl,) batteries that

power remote wireless devices. Tadiran industrial grade LiSOCI, batteries feature extraordinarily high

energy density and high capacity along with the widest possible temperature range, making them ideal
for use in harsh environments. Tadiran LiSOCI, batteries feature an annual self-discharge rate of just 0.7% per
year, enabling certain wireless devices to operate for up to 40 years, up to 4X longer than competing batteries
that have annual self-discharge rates of up to 3% per year. For applications that require periodic high pulses
to power advanced two-way wireless communications and/or remote shut-off capabilities, Tadiran offers
PulsesPlus® and TRR Series batteries. PulsesPlus batteries combine a standard bobbin-type LiSOCI, cell that
provides low background current with a patented hybrid layer capacitor (HLC) that delivers periodic high
pulses. TRR Series batteries deliver moderate to high pulses without the need for an HLC or fewer HLCs.

INDUSTRIAL GRADE LI-ION RECHARGEABLE
BATTERIES

TO MEET THE growing demand for remote energy harvesting
applications, Tadiran manufactures TLI Series industrial grade
Lithium-ion (Li-ion) batteries that significantly outperform
consumer grade Li-ion rechargeable batteries. Unlike
consumer grade Li-ion batteries that have a limited lifespan
of approximately 5 years and 500 full recharge cycles, TLI
Series batteries can operate for up to 20 years and 5,000 full
recharge cycles. TLI Series batteries also feature an extended
temperature range and can deliver the high pulses required
for advanced wireless communications, making them ideal for
remote locations and extreme environments.

HIGH-ENERGY LITHIUM BATTERIES

FOR APPLICATIONS REQUIRING extended storage life followed

by high current drain, Tadiran offers TLM Series lithium metal
oxide batteries. Packing powerful amounts of energy into small
spaces, TLM Series batteries are ideal for medical applications
such as portable defibrillators and allow battery-operated surgical
drills to be small and ergonomic to reduce fatigue while delivering
the high torque needed for efficient drilling cycles. TLM Series
batteries also provide an inexpensive COTS-priced solution for
military applications. For example, TLM Series batteries enable
miniaturized guided munitions to be periodically tested for system

T ADI R AN readiness whereas legacy reserve/thermal batteries are bulkier

and do not permit system readiness testing without exhausting

BATITERIES the battery.
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PROVEN

40

YEAR

OPERATING

No place to
replace a battery.

Highly remote locations call for Tadiran batteries.

Battery replacement is costly and often
dangerous work. Reduce the risk with Tadiran
bobbin-type lithium thionyl chloride (LiSOCI,) TADIRAN COMPETITORS
batteries. With an annual self-discharge rate of
just 0.7% per year, Tadiran LiSOCIL, batteries
enable low power consuming wireless devices to
operate for up to 40 years on a single battery, 0.7%
up to 4 times longer than the competition.
Obur batteries also feature the highest capacity,
highest energy density, and widest temperature
range of any lithium cell, plus a glass-to-
metal hermetic seal for added ruggedness and
reliability in extreme environments.
Up to 3%
Take no chances. Take Tadiran batteries Tadiran Batteries
2001 Marcus Ave.
Suite 125E
Lake Success,

TADIRAN 118005371568

BATITERIES 516-621-4980

* Tadiran LiSOCL, batteries feature the lowest annual self-discharge rate of any competitive battery, less than 1% per year, enabling these
batteries to operate over 40 years depending on device operating usage. However, this is not an expressed or implied warranty, as each
application differs in terms of annual energy consumption and/or operating environment.

that last a lifetime.

www.tadiranbat.com
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IXYS CORPORATION

THE WORLD OF IXYS

WEB | Www.ixys.com
EMAIL | info@ixys.net
TEL | 408-457-9000

1590 Buckeye Drive
Milpitas, CA 95035

XYS brings together all of the building blocks required for a designer of power conversion at almost every
power level. From milliamps to megawatts, IXYS is able to provide the best available rectifier, switching,

isolation, and control products together in one place.

IXYS Power is providing efficient solutions for vir-
tually any power-conversion application. Rectifier
products such as Schottky diodes, line frequency, and
fast diodes, as well as thyristors, are available in dis-
crete packages as well as modules. For your switching
needs, IXYS offers some leading-edge and the high-
est power available in MOSFET, IGBT, BI-MOSFET,
and GTO technology, which are offered in discrete
solutions and both industry standard and custom
multichip-module package outlines. In addition,

we have the ability to offer these power products as
customer-specific subsystems that may be assembled
worldwide.

Providing solutions for isolation, control, and feed-
back, IXYS IC division (CLARE) designs and produc-
es SOI-based HVICs, flexible display drivers, driver
ICs, optically isolated drivers, solid-state relays (SSR),

isolated AC switches, optocouplers, photovoltaic
chips, and ASICs. With the IXYS San Sebastian Divi-
sion (ISS), we provide advanced RFID ICs, solutions,
and custom IC design.

Through MWT and IXYS Colorado, IXYS manufac-
tures RF and microwave products.

With Zilog’s industry-proven and rugged MCUs,

we complement our Power and IC products with
matched digital power management and embedded
control. IXYS has introduced unique power-manage-
ment reference designs to control motors, LED lights,
battery charging, and motion sensing. The added S3
low-cost MCU product lines serve consumer white
goods, home automation, and remote controls. With
the Radio Pulse Division, we offer SoCs that inte-
grate RF ZigBee transceivers and
MCUs for the consumer security,
industrial, home automation,
energy management, LED light-
ing, and IoT markets.

A
&

Bringing all of these technolo-
gies together under one company
allows THE WORLD OF IXYS

to offer the power-conversion
designer a one-stop solution.

For further information, visit:
WWW.iXys.com

CIIXYS

Efficiency Through Technology
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The World Of

CIIXYSPOWER

Efficiency Through Technology

« MOSFETs

- BIMOSFETs

« XPT IGBTs

- Standard Rectifiers

« Schottky Diodes

- Fast Rectifiers

« Allin Discrete and Module Packages
Visit our website: www.ixys.com

Embedded in Life
AnEIIXYS Company

« Microcontrollers

- SOCs

« Creative Reference Designs
www.ixys.com or www.zilog.com

/
= MicroWave Technology

AnEIXYS Company

- GaN Amplifiers

- Gunn Diodes

« Wireless Amplifiers

« HBT Amplifiers

« WiMax Power Amplifiers

« Microwave Amplifiers

« MMIC Amplifiers

« GaAs FET Devices

WWWw.ixys.com or www.mwtinc.com

« Laser Diode Driver Module

« Pulse Generators

« Signal Generators

« RF Power MOSFETs

« RF Power Modules

« RF Drivers

WWW.ixys.com or www.ixyscolorado.com

AIXYS

RadioPulse KOREA

« Zigbee Wireless
www.ixys.com or www.radiopulse.co.kr/eng

wWww.ixys.com

InTeGrATED CiRcuiTs Division

+ MOSFET Gate Drivers

- IGBT Gate Drivers

« Optocouplers

« Solid State Relays
WWWw.ixysic.com or www.ixys.com

L IXYSLongBeach

Efficiency Through

« IGBT Press Packs

« Rectifier Diodes (Studs and Capsules)

« Fast Recovery Diodes (Studs and Capsules)
+ Phase Control Thyristors

« Fast Switching Thyristors

www.ixys.com or www.ixyslongbeach.com

LIIXYS

UK WESTCODE

« IGBT Press Packs

« Rectifier Diodes (Studs and Capsules)

» Fast Recovery Diodes (Studs and Capsules)
+ Phase Control Thyristors

« Fast Switching Thyristors

WWW.ixys.com or www.ixysuk.com

§8 IXYSKOREA

Efficiency By The Sun

« Portable Solar Chargers

« Solar Cells

- Solar Bits/Modules

« Solar Dies

Visit our website: http://www.ixyskorea.com or www.ixys.com

CIIXYS

INCIDE SAN SEBASTIAN

+ RFID Ics

+ Customized Design Services

+ RFID Accessories

www.ixys.com or http://www.incide-semi.com/

1-408-457-9069



http://www.ixys.com
http://www.ixys.com
http://www.zilog.com
http://www.ixys.com
http://www.mwtinc.com
http://www.ixysic.com
http://www.ixys.com
http://www.ixys.com
http://www.ixyslongbeach.com
http://www.ixys.com
http://www.ixysuk.com
http://www.ixys.com
http://www.ixyscolorado.com
http://www.ixyskorea.com
http://www.ixys.com
http://www.ixys.com
http://www.incide-semi.com/
http://www.ixys.com
http://www.radiopulse.co.kr/eng
http://www.ixys.com

2017 LEADERS PROFILE ElectronicDesign.
_

gl CALRAMIC
D el TECHNOLOGIES LLC

WEB | www.calramic.com TEL | 775.851.3580 5462 Louie Lane
EMAIL | info@calramic.com FAX | 775.851.3582 Reno, NV 89511

HIGH-VOLTAGE CERAMIC CAPACITORS FOR VARIOUS APPLICATIONS

alramic Technologies LLC offers a variety of high-voltage ceramic capacitors for multiple applications

depending on your needs. We are a U.S.-based fully equipped manufacturing facility with Lean

manufacturing strategies to facilitate high-quality ceramic capacitors. We can offer same-day shipping
if in stock, and deliveries of 6-8 weeks depending on the product type. Custom products and builds are welcome.
Radial-leaded, surface-mount, and disc capacitors for all applications are available. High-quality materials
provide superior capacitor reliability and performance. In addition, as an ISO 9001-certified company, stringent
manufacturing principles are followed for year-after-year reliability. Applications range from below-ground
analytical tools for geothermal/geophysical to above-ground commercial, and military power supplies, medical
power supplies, and X-ray systems. High-reliability capacitors are our specialty for various non-repairable
applications such as spacecraft and buried systems.

A VARIETY OF thru-hole, radial, and axial-leaded products,
multilayer, and disc, 500 Vdc to 20,000 kVdc+, over the
temperature ranges of —-55° C to 200° C. We offer custom
designs and derivatives of sizes and dielectrics. Custom sizes
and dielectrics are available. Please contact our factory with
your needs.

el

h|HH iy

SURFACE-MOUNT, BARE CERAMIC capacitors are available in

a variety of sizes from our catalog for voltage ranges from 500
Vdc to 20,000+ kVdc. Temperature ranges from —55° C to 200°
C are available. Please contact our factory with your needs and
requirements.

il

CALRAMIC

®@ TECHNOLOGIES LLO
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High Voltage Multilayer
X7R & NPO

High Voltage Disc
X5R, X7R, X5U, Z5U | NPO, N750 - N5600

HV Multilayer Radial
Leaded 500V - 10-KV

SPACE LEVEL
MILITARY
COMMERCIAL
INDUSTRIAL
APPLICATIONS

Power Supplies and
Test Equipment

D e X-Ray: Human & Veterinary
Electrostatic Paint Spray
Deep Space Probes
Analytical Equipment

Communication Satellites

TWTA

HV Disc Radial Leaded

3KV lS30|«av'a Rt LOE Geosynchronous
Military Aircraft Based
Radar Displays

Night Vision Flight Control
Engine Control

Military Based

HV Multiplier Radar Displays
Stack Assemblies o

. S - Ground Based

Surveillance

Night Vision

e CALRAMIC

[
® TECHNOLOGIES LLEC

(775) 851-3580 | calramic.com | 5462 Louie Lane | Reno, NV 89511 USA
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WEB | www.electrocube.com
E LE‘ | RO‘ l | B E EMAIL | info@electrocube.com

TEL | 800-515-1112

| N < FAX | 909-595-0186
L]

3366 Pomona Blvd.
Pomona, CA 91768

A DESIGN PARTNER: POWER ELECTRONICS, PASSIVE COMPONENTS

INNOVATIVE DESIGN SOLUTIONS, EXTENSIVE PRODUCT LINES

lectrocube specializes in custom designs and the manufacture of film capacitors, RC Networks, EMI Filters, foil, and

high frequency transformers for a wide range of standard and custom applications—from aerospace and audio to

elevators and heavy equipment. The company’s hallmark is its clear understanding of the challenges faced by design
engineers and purchasing agents, as well as its after-sales support for clients.

Electrocube provides client solutions with the highest degree of dependable, impeccable precision and unwavering quality,
often coming to the rescue when other firms fail to perform. Customers rely on Electrocube’s expertise to provide product reli-
ability, fresh designs, service excellence, environmental requirements, and compressed lead times.

With broad product scope, Electrocube’s application-oriented design engineering expertise is utilized in dozens of industries
for a wide range of commercial, industrial, and military applications for companies like Boeing, Honeywell, and GE.

A NETWORK OF GLOBAL INDUSTRIES

A QUALITY PARTNER Electrocube’s extensive quality has
earned top performance excellence awards for many
consecutive years. Our network of domestic and international
clients include design engineers, OEMs, and contract
manufacturers for these industries: aerospace, appliances,
audio, commercial, equipment controls, environmental
controls, industrial, medical, military, renewable energy, test
equipment, and transportation.

FILM CAPACITORS WITH HIGH-PERFORMANCE
CHARACTERISTICS

PRECISION FILM CAPACITORS are also known as passive
electrical components. We blend high performance with longevity
and durability. Electrocube’s variety of styles, capacitance,
dimensions, and performance characteristics —standard,
commodity and custom, plus low price and high volume —meet
virtually all system requirements, from the most demanding
electrical systems to small electronic components.

Qp electrocube

... it'’s a part of what we do.

L14 ELECTRONIC DESIGN
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8P electrocube

... it's a part of what we do.

Film Capacitors RC Networks

High performance and long life to meet More than 400 precision and UL-recognized options
virtually all system requirements for single- and three-phase applications

Custom EMI Filters Transformers

Solutions to demanding EMI problems with full Innovative aluminum and copper foil for exceptional
custom design, manufacturing and testing reliability, efficiency and economy

Custom design and manufacturing since 1961

Standard and custom designs available for Electrocube, Seacor, Southern Electronics and F-Dyne brands
through sales representatives and distributors worldwide and factory direct.

800-515-1112  909-595-4037

1S09001 and AS9100 Registered =  SBE Small Business Qualified = CCR, NAFTA and ITAR Registered



http://electrocube.com
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WEB | www.vptpower.com

EMAIL | vptsales@vptpower.com
\/P | | N< TEL | 425-353-3010
I L]

FAX | 425-353-4030

1971 Kraft Drive
Blacksburg, VA 24060

HIGH-RELIABILITY SOLUTIONS FOR HIGH-RELIABILITY PROGRAMS

PT, Inc. (VPT®) is a global leader in providing DC-DC converters and EMI filters for use in aerospace, military, and
industrial applications for the rapid development of critical power systems.

For nearly 25 years, VPT has engineered and manufactured its products according to the highest industry standards, carrying
MIL-PRF-38534 Class H and Class K, ISO 9001, many other facility certifications and stringent product qualifications.

PROVEN HERITAGE IN A WIDE RANGE OF SOLUTIONS VPT’s VXR Series for rugged military and commercial avionics
applications is epoxy-encapsulated with dual-sided thermal

VPT’S QUALIFIED PRODUCTS are available in a variety of conduction and features a wide input voltage range (9 to 60

screening levels to meet specific application needs in addition Vdc). This patent-pending V-SHIELD® epoxy-encapsulated

to qualified radiation-hardened and radiation-tolerant levels packaging is highly resistant to chemical, solvent, and salt

specifically designed for space environments. environments, and is fully compatible with high-volume
manufacturing processes including wave solder, cleaning

A complete line of power modules and accessories satisfy a solvents, high-pressure sprays, and aqueous wash.

wide variety of avionics, military, high-reliability COTS, industrial,

L . ) VPT also offers a range of DC-DC converters and accessories
and space application requirements. Products include:

designed, tested, and proven for the challenging environment
of space. The SVR Series products feature maximum levels

of radiation hardening with a Total lonizing Dose (TID) of

100 krad(Si) and SEE of 85 MeV-cm2/mg. VPT’s SV Series

of products for space feature maximum levels of radiation
tolerance with a TID of 30 krad(Si) and SEE of 44 MeV-cm?/mg.
Both families of space products are based on space-proven
heritage designs and available qualified to MIL-PRF-38534
Class K.

DC-DC converters from 1 — 250 Watts, point-of-load converters
from 3 — 20 Amps, EMI filters, transient suppressors, inrush
current limiters, bus converters, and thermal pads.

Global customers of VPT include NASA, Lockheed Martin,
Boeing, Raytheon, ESA, Blue Origin, SpaceX, and Thales.

VPT is part of the HEICO Electronic Technologies
Group (NYSE:HEIA) (NYSE:HEI). More information can be found
at www.vptpower.com.

®

Power Your Critical Mission Today
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DESIGN WITH
CONFIDENCE

Proven DC-DC Converters,
EMI Filters and Accessories

. ’ — DVFL2800S

P = DVMC28 Bvorg
VPT30-2800DW 0 [t r VPT5-2805D
S/N 101120 ; - S/N 090297 AN oic [NEEM siciER
caos ozazs |2 Siseoonsn S NEIEEM

Avionics & Military Series Space Series
v 1-120+ watts v 5-120+ watts
v MIL-PRF-38534 Class H and Class K v Developed for
v 100% hermetic TOR compliance
v -55°C to +125°C v TID: 100 krad (Si)
v DLA SMDs available v SEE: 85 MeV
v -55°C to +125°C ®
i i MIL-PRF-38534 Class H
Hi-Rel COTS Series v and Class K ass Power Your Critical Mission Today
v 5-250 watts v DLA SMDs available
v Six-sided metal, potted or v Engineering models typically
fully enca%sulated ship from stock
V-SHIELD™ packaging v Other radiation levels and
v Rugged environmental screening custom versions available WWW.thpower.com

v -55°C to +105°C

EFFICIENT & RELIABLE | DECADES OF PROVEN HERITAGE | CERTIFIED QUALITY | PRODUCTS SHIP FROM STOCK


http://www.vptpower.com
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WEB | www.novaelectric.com

N OVA E LE( | R | < EMAIL | howard@novaelectric.com
TEL | 201-385-0500

DIV OF TECHNOLOGY DYNAMICS INC. FAX | 201-385-0702

100 School St.
Bergenfield, NJ 07621

ova Electric was founded in 1966 and purchased

as a division by Technology Dynamics Inc. in

1990. The company designs and manufactures
rugged True Online UPS Systems, Pure Sinewave DC-AC
Inverters, and Solid-State Frequency Converters from
120W to 500+KW. In addition, related products such as
custom EMI filters, standalone transformers, and bypass
switches are also offered. These products are designed
for use in severe-environment and military applications
(such as shelters, shipboard, submarine, HMMWYV,
vehicular communications systems, and military-related
installations). Nova Electric also sells to commercial
utilities, mines, steel mills, and airports. Nova’s products
are in fact COTS-based, and use some industrial grade
commercial components—however, they are ruggedized
to withstand American and NATO shock, vibration,
humidity, and EMI military specifications such as MIL-
STD-461, MIL-STD-810, MIL-S-901, MIL-STD-167, and
MIL-STD-1399.

NOVA’S PRODUCTS ARE in use in the Navy, nuclear “foot attach”
submarines, and in the most advanced radar and missile intercept
systems. At present most of the defense prime contractors such
as Lockheed Martin, Raytheon, Boeing, NGC, and DRS are
customers of the company.

Nova resides in a 35,000-sq.-ft. facility in Bergenfield, NJ. It
employs 100 workers, among them 20 engineering personnel.
The company has an extensive line of off-the-shelf Inverters, UPS,
and Frequency Converters, but for the most part it designs power
systems to customer specifications.

Nova is able to design military products in record time due to
its in-depth understanding of the military standards, and the fact
that it has its own sheet metal and transformer departments. As
such the company is completely vertically integrated.

NOVA ELECTRIC Backed by a parent company that specializes in DC to DC

n lectri m converters and DC UPS, Nova is able to provide cost-effective
N Va www.novaelectric.co solutions to most power conversion custom requirements.
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Power Distribution Units (PDUs)

Custom Designs - Built for specific requ:remen ts

DCORACINPUT

AS 9100

BUREAU VERITAS

Certification
Certificate No: US008267-1

PDU
WITH SNMP CONTROL
WALL MOUNT

PDU 1.3K
1U

APPLICATIONS

Military Shelters
Tactical Systems

OPTIONAL COMPLIANCES
BY DESIGN OR TEST

MIL-STD-810

Shipboard Power MIL-STD-1275
HMMWVs MIL-STD-461
Mobile Systems MIL-STD-167
Ground Support MIL-STD-704
Aircraft MIL-5-901

Industrial

For more information, please visit us at www.novaelectric.com or email us at novasales

N OVA EL ECT Rl C Leader in power conversion technology since 1966 (A

100 School Street, Bergenfield, NJ 07621 - Phone: (201) 385 - 0500 Fax:(201)385-0702
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PICO ELECTRONICS

PICO ELECTRONICS—THE BIG NAME
IN SMALL COMPONENTS

t Pico Electronics, we develop miniature and ultra-

miniature units that meet the high-quality, high-

reliability specifications of military, commercial,
and other critical applications.

When Pico Electronics was founded in 1967, transformers
and converters were quite large, and not terribly efficient.
Our mission was to change that. It wasn't long before we
became the ultra-miniature inductor and transformer
resource for anything that requires power conversion.

We then applied our miniaturization expertise into DC-DC
power converters and AC-DC power supplies, becoming a
recognized leader in high power voltage (to 10,000 volts)
DC-DC output. Today we offer high-power (to 300 watts)
units, regulated, programmable, and dual-output packages
and DC input voltages ranging from 5 to 380 volts—all made
in the USA.

WEB | www.picoelectronics.com
EMAILL | info@picoelectronics.com
TEL | 800-431-1064
FAX | 914-738-8225

143 Sparks Avenue
Pelham, NY 10803

pS9100C

CERTIFIED

PRODUCT OFFERINGS

TRANSFORMERS AND INDUCTORS: From the depths of

the oceans, to the surface of Mars, Pico’s high-reliability
transformers and inductors are used in the most rugged
applications, have passed 300 thermal cycles, and have been
exposed to a variety of temperature extremes.

LOW-PROFILE DC-DC CONVERTERS: Pico’s wide product range
includes regulated, isolated, programmable, and adjustable
modules that offer output voltages from 2 VDC to 10,000 VDC
with power ratings from 0.75 to 300 Watts, in package heights
from 0.200 in. up to 0.800 in. Modules have input voltage
ranges from 3 VDC to 900 VDC.

L20

HIGH-POWER DC-DC CONVERTERS

WE OFFER MODULES where output power requirements of
up to 300 Watts, and wide input voltage requirements with a
variety of output voltages from 3.3 VDC to 350 VDC, as well
as higher input up to 900 VDC, are needed. With standard
operating case temperatures of -40°C and -55°C to +85°C,
our fully encapsulated units are ideal for harsh environments.

Aruy

AC-DC POWER SUPPLIES: Pico offers a complete line of
AC-DC modules for military, COTS, and industrial applications
including Power Factor Corrected modules to create a 365
VDC rail up to 2,000 Watts, or isolated AC-DC modules with
PFC and universal inputs with output voltages to 300 VDC and
power ratings to 300 Watts with single- or three-phase inputs.

PICO £

Electronics
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onverters. AL-L

most Wlng
Electronics has been providing innovative COTS and custom solutions for Military, Commercial, Aerospace
and Industrial applications. Our innovative miniature and sub-miniature components are unsurpassed in any
industry. PICO Electronics’ products are proudly manufactured in the USA and are AS9100C Certified.

To learn more about our products and how you can benefit from our expertise
visit our website at picoelectronics.com or call us today at 800-431-1064.

TRANSFORMERS & INDUCTORS

Think Pico Small -
Over 5000 std Ultra Miniature

+ Ultra Miniature Designs
+ MIL-PRF 27/MIL-PRF 21038
- DSCC Approved Manufacturing
* Audio/Pulse/Power/EMI Multiplex Models Available
- For Critical Applications, Pico Continues to
Be the Industry Standard

Surface Mount & Thru Hole
Military e COTS e Industrial

DC-DC CONVERTERS
2V t0 10,000 VDC Outputs — 1-300 Watt Modules
+ MIL/COTS/Industrial Models
* Regulated/Isolated/Adjustable

Programmable Standard Models
- New High Input Voltages to 900VDC

+ AS9100C Facility/US Manufactured
- Military Upgrades and Custom Modules Available P‘Zg%gggc e
TUV

PICO Electronics Inc.
m@ 3| 143 Sparks Ave, Pelham, NY 10803

Call Toll Free: 800-431-1064
E Mail: Info@picoelectronics.com e FAX: 914-738-8225

—
VISA

VISIT OUR EXCITING NEW WEBSITE: www.picoelectronics.com
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Wide Bandgap Power

(Continued from page L7)

nity. Yole’s analysts peg CAGR at 28% through 2022 (Fig. 3).
Part of the appeal of SiC comes from its physical properties.
For example, where silicon has a breakdown electric field of
0.3 MV/cm, SiC can withstand up to 2.8 MV/cm. Its inter-
nal resistance is 100 times smaller than that of silicon. As a
result, applications can handle the same level of current using
a smaller chip and, in turn, smaller systems.

Recently, Rohm developed an all-SiC, 1200-V, 600-A power
module integrating SiC Schottky barrier diodes (SBDs) and
MOSFETs. The module achieves a rated current of 600 A by
utilizing a new package featuring a revised internal structure
and optimized heat radiation design. In doing so, it enables
support for higher-power applications. This half-bridge mod-
ule is suitable for the following applications: motor drive,
inverter, converter, photovoltaics, wind-power generation,
and induction heating equipment. Compared to IGBTs, the
SiC MOSFET offers much faster switching. Ata chip tempera-
ture of 150°C, Rohm claims that the part offers a 64% reduc-
tion in switching losses. A new package has a flatter baseplate
that decreases contact resistance by 57% and inductance by
23% (compared to earlier products) by optimizing the place-
ment of the SiC device inside the package. According to the
company, the “G Type” package decreases switching loss by
24% under the same surge-voltage drive conditions.

The Infineon 650-V G6, as the name implies, represents the
sixth generation of the company’s CoolSiC Schottky diodes.
These devices are built upon the characteristics of its G5 series,
but feature a new layout, cell structure, and proprietary Schottky
metal system. The G6 diodes are designed to complement Infi-
neon’s 600-V and 650-V CoolMOS 7 families. Aimed at current
and future applications in server and PC power, telecom power,
and photovoltaic inverters, the CoolSiC 650-V G6 boasts an

SiC DEVICE MARKET SIZE SPLIT BY APPLICATION

industry benchmark V F (1.25 V), and a Q ¢ x V F figure of
merit (FOM), which is 17% lower than the previous generation,
according to Infineon. In addition, the new G6 diode leverages
two of silicon carbide’s strong characteristics: temperature-inde-
pendent switching behavior and no reverse recovery charge.

SiC Schottky diodes have approximately 40 times lower
reverse leakage current than PN silicon Schottky diodes. Lit-
telfuse, which got into the SiC game through its acquisition of
Monolith Semiconductor, has come out with a new genera-
tion of 1200-V SiC Schottky diodes with current ratings from
5 to 40 A. With negligible reverse recovery, the LSIC2SD120
Series—the Monolith/Littelfuse partnership’s first product
introduction--reduces switching losses (compared to Si bipolar
diodes) to boost system efficiency. The switching behavior of
the diodes is temperature-independent and the operating junc-
tion temperature is 175°C. These aspects enable a larger design
margin and reduced thermal management requirements. Tar-
get applications are EV charging stations, solar inverters, and
switch-mode power supplies.

Using its second-generation SiC MOSFET technology,
STMicroelectronics has introduced a 650-V, 22-m( (typically
at 150 °C) SiC power device. The main features of this product
include low on-resistance per unit area and better switching
performance. The variation of both RDS(on) and switching
losses are said by ST to be almost independent from junction
temperature. When employed in the EV/HEV main inverter,
the company reports that the part increases efficiency by up
to 3% compared with an equivalent IGBT solution. This trans-
lates into longer battery life and a lighter power unit. ST’ SiC
MOSEFETs also feature what the company claims is the indus-
try’s highest junction-temperature rating of 200°C.

GAINING MOMENTUM
Efficiency, power density, and

1.2
M Rail PV
PFC/power supply
EV/HEV (including on-board charger) Il ues
Wind B Othe?rs (oil & gass, military,
M xEV charging infrastructure medical, RED, etc.

0.6 7

CAGR 0202022 = 40%

Motor drive (including air conditioning)

the reduction of system cost are
key drivers behind the use of the
WBG materials SiC and GaN.
While some application areas tend
to be early adopters for new tech-
nology (if benefits outweigh risks),

CAGRy014-2020 = 28%

many others are now following as
these materials move into more
mainstream applications. As addi-
tional suppliers enter the market,
increased production will drive
down costs. Those cost benefits—

== B

2016 2017 2018 2019 2020

Source: “Power SiC: Materials, Devices, Modules, and Applications report,” Yole Developpement, August 2017.

3. Yole Developpement analysts pull no punches. In 2016, they said the SiC power business was
“concrete and real, with a promising outlook.” This year, they added,“The trend has not changed in

2017 and even more, the SiC industry is going further.”

L22

taken together with quality and

2021 2022

reliability gains—will push the
rapidly maturing SiC- and GaN-
based topologies to the tipping
point, even in cost-sensitive appli-
cations. &l
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TOM STARNES | Objective Analysis, Chief Analyst, Processors

loT Security: Getting
Well-Deserved Aftention

With growing numbers of ways to circumvent established preventative
measures, staying on top of security is a never-ending task.

here is no doubt that security concerns are height-

ening in the quickly-growing Internet of Things
(IoT) world. The public is reminded almost daily
that the internet can be compromised with an
array of consequences, much of which they don't really under-
stand. Yet, consumers unwittingly encourage hacking by put-
ting so much of themselves on the grand network, with their
incessant use of smartphones and social networks, let alone
buying some of those IoT devices or just driving around in
modern automobiles. Business faces much greater risk, threat,
and financial impact from security breaches, yet simply cannot
operate without the digital electronics that expose them to it.
The electronic products and digital services that we nor-
mally use are revered for the functions they perform and
maybe how easy they are to use or how cost-effective they are.
The system designers see their creations that way, too. How
reliable and secure those systems and that software may be is
difficult to assess and tends to be pretty low on the priority list,
spiking up only when a problem suddenly becomes traumatic.
Users have trusted that the engineers and programmers
have created very useful products and services, regardless of
whether they understand the underlying complexities of how
they work, but that they are safe as well. Government agencies
may establish regulations to assure a certain level of safety,
but the digital world spins much faster than policy advances.

GO TO ELECTRONICDESIGN.COM

Also, governments can be part of the problem and a newfound
nationalism is throwing suspicion on other governments’
motivations as well.

Ultimately, the designers of our modern electronic systems
and digital services must continue in their role of responsibil-
ity for building the best products they can while being good
stewards for their safety and security. Unfortunately, there are
growing numbers of people intent on devising new ways to
circumvent established preventative measures, so staying on
top of security is a never-ending task.

The path forward to security in the highly connected Inter-
net of Things (IoT) world is still being blazed. It is good to
periodically review how different approaches to security have
progressed.

Intel, CISCO, and Amazon may have schemes for the inter-
net side of things, but Arm and many semiconductor com-
panies are executing on strategies to tighten up security on
the “things” side as well. The IoT is and will be well-served by
Arm-based products, so Arm’s efforts in security are impor-
tant, if only from a holistic view. There are many semiconduc-
tor providers with an interest and a hand in IoT security, but a
representative company like Microchip can give insight where
the rubber meets the road.

BEARING ARMS IN DEFENSE

Security was a predominant theme at the recent Arm Tech-
Con in Santa Clara, Calif., where Arm Ltd. highlighted its new
Platform Security Architecture (PSA). With the Arm proces-
sor architecture being used by essentially every microproces-
sor (MPU) vendor and many microcontroller (MCU) vendors
in the industry, any reasonable program promoted by Arm
is sure to quickly gather a large following. Arm processors’
defacto position in mobile phones, tablets, and what eventu-
ally became the IoT has given Arm a healthy heads-up of the
issues of security.

Arm has posted a “Security Manifesto” with a handful of
luminaries highlighting security issues, giving cues from other
systems (including human and biological), and calling on
equipment makers and service providers to take threats to

(Continued on page L28)
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WEB | www.congatec.com

{5 EMAIL | sales-us@congatec.com
CO N G | EC TEL | 858-457-2600

6262 Ferris Square

San Diego, CA 92121

INDUSTRY’S LARGEST COMPUTER-ON-MODULE
PORTFOLIO AVAILABLE FROM CONGATEC

COM Express Basic

ince its inception, congatec has played a leadership

role in developing and defining next-generation

computer-on-module (COM) technology. COMs
are widely regarded as a common, low-risk way of accom-
plishing complex development tasks with few resources. In
simple terms, the COM is the core computer module that is
plugged into an application-specific carrier board via a set
of standardized connectors. The computer module contains
the processor with all of its vital peripherals and interface
circuitry, while the application-specific circuit functions are
accommodated on the carrier board. congatec provides the
industry’s largest COM portfolios across a range of form
factors including COM Express, Qseven, SMARC 2.0, XTX,
and ETX This ensures there is a COM solution that can be
used across a variety of industries and applications.

Experience the true advantages of Computer-on-Modules: All of our boards also come equipped with congatec’s Embedded
o Quicker Time To Market BIOS/UEFI platform. With this platform the most common BIOS
» Reduced Development Costs modifications can be handled directly by the designer to suit their
o Scalable Product Ranges application needs, allowing for quicker time to market. When
« Fast Reaction to Market Trends more complex customization is required, a congatec BIOS
engineer is on hand to provide the help needed resulting in the
EMBEDDED IN YOUR SUCCESS perfect fit formula for the application.
CONGATEC IS COMMITTED to customer success and Getting started is easy with congatec’s Computer-on-Module
ensures support through every step of your project. Leave starter kits and reference designs. congatec’s Technical Solutions
the embedded core to us so you can focus your engineering Center has experienced support engineers available to help kick
resources on your team’s core competencies. start the project, as well as to see it through to market release.
Thanks to a well-equipped toolkit comprised of reference COMPUTER-ON-MODULE CONCEPT:
designs, schematics, application notes, drivers, board o Well established standards
support packages, and module-specific BIOS, congatec o Easily exchangeable CPU, even across technologies (x86/ARM)
delivers a smooth learning curve for designers utilizing e Standardized modules combined with an application-specific

Computer-on-Modules. carrier board form an individualized device

* Modules are available with numerous combinations of power,
performance, and dimensions
¢ Wide range of modules from different manufacturers

congatec
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IN your

COM Express Type 10
Efficient Power Class

Low-power draw modules for industrial extended
temperature range are a perfect fit for handheld and
rugged mobile applications and loT gateways.

0 DL R0
conga-MAS5 55 x 84 mm

conga-MAS with Intel® Atom™, Celeron® and Pentium®
processors feature up to 8 GB dual channel DDR3L
RAM and Intel® Gen9 Graphics.

COM Express Type 6
Performance Class

Widely scalable modules for applications ranging
from industrial, medical, infotainment and loT. COM
Express Type 6 bridges the gap from the lowest level
reguirements to the highest end server and number
crunching applications.

L Y EEL
conga-TC175

Both modules with Gen7 Intel® Core™ processors
feature Intel® Gen9 HD Graphics and Intel® Optane™
memory. conga-15175 also available with Intel®
Xeon® processor.

COM Express Type 7
Server Class

Server-on-Modules for industrial automation, storage
and networking, base stations as well as cloud, edge
and fog servers for loT and Industry 4.0 applications.

conga-B7XD 95 x 125 mm

conga-B7XD with Intel® Xeon® D processors feature
10 Gigabit Ethernet interfaces, 32 PCle lanes and
headless server performance currently with up to 16
server cores and 48 gigabytes of DDR4 ECC RAM.

Highly scalable.

COM
Express

congatec has the
right fit for your
application.

www.congatec.us

6262 Ferris Square | San Diego CA 92121
Phone: 858-457-2600 | sales-us@congatec.com

loT Solutions
Alliance
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ROYAL CIRCUIT

SOLUTIONS, INC.

IF YOU CAN DESIGN IT, WE CAN
BUILD IT—FAST

Next-Day PCB Prototype Specialists for 20 Years

oyal Circuit Solutions is one of the industry’s

foremost experts when it comes to quick-turn,

high-tech circuit boards manufactured in days. The
company’s dedicated and knowledgeable staff, combined
with cutting-edge equipment, ensures that customers’
projects are successful every time.

11 Reasons Why Engineers Trust Royal Circuit Solutions

Royal Circuits offers PCBs at super competitive prices. It’s
the perfect option for getting small quantity, low-cost, high
quality boards in as fast as one day.

1. Focused on 1-3 Day Turns

2. Experts in Rigid and Rigid-Flex PCBs

3. State-of-the-Art Equipment

4. HDI Technology Including Stacked Microvias
5. No NRE Charges Ever (Tooling and Test)

6. Free Online Design for Manufacturing Review
7. Made in America

8. Instant Online Quotes and Orders

9.1SO 9001-2008 and ITAR Certified

10. Over 20 Years of Experience

11. PCB Design Services
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weB | www.RoyalCircuits.com

EMAIL | sales@royalcircuits.com
TEL | 831-636-7789

FLEXIBLE. RELIABLE. INCREDIBLY FAST!

ROYAL CIRCUITS IS the most reliable partner for all your PCB
needs whether you need a 2-, 4-, or 6-layer board by tomorrow or
have a complex board with buried vias. The company continually
re-invests in top-of-the-line equipment and services to manufacture
the highest-quality PCBs. Its innovative facility features advanced
technologies and extensive manufacturing capabilities designed to
fabricate even the most complex PCB designs—FAST.

Royal Circuits is capable of fabricating boards with:
e 2-20layers
e 3/3 Space and Trace
e Via-in-Pad (via Fill)
e 6 MilHoles
e ENIG, HASL, PbFree HASL, ENEPIG
e Blind and Buried Vias
e Mixed Dielectric
e FR-4, Rogers, Polymide, Duroid

Once fabricated, all boards are inspected using Automated
Optical Inspection (AOI) machines or Flying Probe.

PCB Resources
Visit www.RoyalCircuits.com, for valuable PCB tools, tips and
resources.

With Royal Circuits” online DFM tool, customers can “spell
check” PCB designs before placing an order. Engineers also
find the online Impedance Calculator
helpful when designing their
boards. Finally, the site has many
helpful articles on topics such
as Panelization, Stackups, and
Copper Thickness Guidelines.
These resources

help customers save ROYAL C I RCU IT

time and money. SOLUTIONS
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EMAIL | scott@royalflexcircuits.com

CIRCUITS

RIGID-FLEX PCBS IN 3-5 DAYS

30 Years of Experience Helping Engineers with Prototype Flex PCB

lexible PCBs have gained popularity over the past decade because of their inherent advantages in packing, reliability,
and overall cost saving. Industries including Military, Aerospace, Medical, Industrial and Consumer have embraced this
technology as a proven, reliable part of the entire electronic assembly package.

For the past 30 years, Royal Flex Circuits and its team of experts have focused on helping engineers incorporate flex and
rigid-flex boards into their product designs. Today, the company is a leader in quick-turn flex and rigid-flex boards with the
industry’s fastest turn time—3 to 5 days.

In addition to prototype rigid-flex PCBs, Royal Flex Circuits in Southern California builds flex circuits, multi-layer rigid PCBs,
and flex heaters. The company is ISO 9001:2015, ITAR, and UL certified.

For customers interested in learning more about rigid-flex circuit boards, Royal Flex Circuits offers a free 30-minute
consultation with experienced design engineers.

FLEX PCB SERVICES

ROYAL FLEX CIRCUITS offers on-site Applications Engineering
and Design Support for all customers, and has small quantity
prototype through major production output capabilities.
Services include:

e Single-sided Flex Circuit Boards
e Double-sided Flex Circuit Boards
e Multi-layer Flex Circuit Boards

e Rigid-Flex Circuit Boards

Capabilities consist of HDI Technology, Stacked and

Staggered Sequential Micro-Vias, Copper and Resin Filled FREE RIGID-FLEX DESIGN GUIDE
Vias, High-Speed Materials, Thermal Management, Buried VISIT WWW.ROYALFLEXCIRCUITS.COM to download a free
Resistance/Capacitance, and more. whitepaper with key design rules for flex circuits such as:

e minimum hole sizes and trace widths

® minimum space between traces and pads

e minimum distances to design edges

e flex circuit/board outline tolerances

e distance of copper geometries from flex circuit/
board edges

e copper and overall design thicknesses

e and much more.

ROYAL FLEX

CIRCUITS
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IoT Security

(Continued from page L23)

cyber security seriously and to provide a safe environment in
which connected digital equipment can operate. Arm, right-
fully, sees security as a responsibility of such businesses. How-
ever, specifics are limited and Arm believes “industry bodies”
will pull together actual standards.

PLATFORM SECURITY ARCHITECTURE

A centerpiece in Arm’s security position is the Platform
Security Architecture (PSA), better addressing the security
challenges all the way down to the smaller, cost- and perfor-
mance-constrained critical components of systems—MCUs.
Of course, the highest volume of processors is in MCUs, so it
is vital that data flowing up from and managed by these work-
horses is not compromised and that MCUs do not become
access points by which the larger system, or even unrelated
systems, can be attacked or infiltrated.

However, the PSA also addresses higher-performance sys-
tems and even initially specifying support for the Arm v8-A
architectural profile, as well as Arm v8-M, which could be
adopted to the Arm v7-M and v6-M. PSA material is littered
with exotic terms, acronyms, and explanations that take some
getting used to—or leave it all to the security wizards—some-
thing the concept was supposedly trying to avoid.

There are three main parts to the PSA. These are given as
follows:

o Threat models and security analysis, derived from a range
of typical IoT use cases

o Architecture specifications for firmware and hardware

« An open-source reference implementation of the firmware
architecture implementation (source: Arm, Ltd)

The first is a set of models or use cases that typify many
applications with an analysis of the security threats they may
face and the potential consequences of an attack. This may be
used to judge or qualify the protection that a given application
affords. The models feed issues and urgency to the protective
specs being developed.

Trusted secure
functions

Trusted device
initialization

Devlci\:;;umy Firmware framework

Trusted boot and
firmware update

Hardware system
architecture
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A Device Security Model (Fig. 1) describes the architecture.
The implementation of such specs push all the way down to
assuring that the silicon manufacturing processes are secure.
This sounds like just any ol’ fab may not be qualified for pro-
ducing tamper-proof security. When security is truly impor-
tant, everything must be treated as suspect and as a potential
weak link until demonstrated otherwise. Not only must ini-
tial device keys and attributes be secure, but later firmware
updates, crypto certificates, and maintenance and calibration
changes must be authenticated.

The PSA also lays out the elements that reside in secure par-
titions of the system (in the Secure Processing Environment)
under hardware enforcement by the Secure Partition Man-
ager, which probably makes the old memory management
unit (memory protection unit in Arm parlance) look pretty
rudimentary and narrowly focused.

The PSA builds from Arm’s earlier TrustZone, Trusted
Execution Environment, Trusted Boot, Root of Trust, Secu-
reCores, and other protection elements.

Arm sees chip designers cordoning off security “enclaves”
containing the most critical security elements as part of a
larger silicon die. Arm is developing its own such intellectual
property (IP) to be tagged CryptoIsland-300. That may sound
like the place where John McAfee is fighting with his neigh-
bors and hiding under the sand from satellite cameras, but
the sand making up Arm’s islands will be much more highly
refined, intended to have rigid security on par with that found
on SmartCards (chip-enabled bank cards and ID cards).

Cryptolsland details quickly become mind-boggling and
complex. However, they also should reaffirm humanity’s trust
in things like our bank cards. Many features described on these
Cryptolslands remind this analyst of all the precautions, les-
sons, technologies, processes, and solutions that semiconductor
vendors have learned over decades in securing memory, proces-
sors, and chip cards from natural (alpha particles) and semicon-
ductor-scaling-induced quality and failure problems, as well as
code-, circuit-, IP-, and design-stealing protection practices.

Arm also offers a Secure Debug Channel,
the SDC-600 IP(Fig. 2), which authenticates
prodding into the silicon hardware under
the guise of a debugger.

The third part of the initial PSA will
address firmware (largely code) strategies
including partitioning into secure and non-
secure spaces with a Firmware Framework
that eases reuse of code across various
MCU cores and reliable updates.

Firmware

Hardware
platform

1. The PSA consists of three parts: the Threat
Models and Security Analyses, an architecture
specifications for firmware and hardware, and an
open-source reference implementation.
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Debug Subsystem

Arm Development Studio

CoreSight SoC

Certificate
CoreSight
o} SDC-600

Isolating I/F
Secure CPU

Cryptolsland

Debug
Control

2. Arm’s SDC-600 Secure Debug
Channel authenticates the host

debugger using certificates Cryp’tography

before anything gets control of
the CPU.

S
Boot ROM

Root
LS Vor

is almost wholly associated with MCUs.
Most of its MCUs use its proprietary PIC
architecture, although Microchip took

SoC

a unique path in its 32-bit offering by
utilizing the MIPS architecture (which
seems to now be nearly a proprietary
architecture). Microchip did pick up the
proprietary AVR architecture and the
ubiquitous Arm architecture when it
bought Atmel.

Alongside the MCUs, Microchip has
acquired and developed assorted net-
working and radio components with

Host CPU

numerous communications peripherals
on its MCUs. Associated with network-
ing and especially RF, the company has

Overall, the Platform Security Architecture is a work in
progress, but lays out the greater structure that partners, chip
vendors, OEMs, programmers, development-tool third par-
ties, and application developers can gather around, work
together on, and align their products and software to. It is an
evolving program just now seeing the light of day, though it
has obviously had a lot work put into it. Perhaps close partners
have a much better understanding of how the concepts will
play out in practice—silicon implementation, OS integration,
coding techniques, system integration, and how well the PSA
will work up the value chain—or is it the internet/Ethernet/
wireless mesh—to the servers, databases, and cloud services.

As with all such schemes, it will take a long time for large-
scale implementation to prove out. With more creative attacks
being attempted every day, this will be a never-ending race.
But at least Arm has the ear of the bulk of processor vendors
and the third parties behind them, including and especially on
those with customers building “things,” diverse as they are, so
Arm’s PSA should have enough interested parties to steer it to
success in securing the IoT.

Arm expects the PSA to lower the cost and time for its part-
ners to design a secure system while lowering the risks of attack,
hopefully using techniques that others in the industry also use,
leading to an overall much-safer internet (of things). Perhaps,
more realistically, application developers can more easily design
a system that is an optimally secure system, providing suffi-
cient security without costing too much to design, pilfering too
much processor performance, or requiring too many additional
resources (circuitry, memory, coding, delay...).

MICROCHIP PAY-AS-YOU-GO SECURITY

One of the leading microcontroller suppliers is Microchip
Technology, which has a more feet-on-the-street approach to
serving security needs, probably more typical of semiconduc-
tor vendors. In spite of its $4 billion size, Microchip’s business

GO TO ELECTRONICDESIGN.COM

picked up security components as well.

For security support, Microchip offers a selection of com-
ponents to serve a variety of designers with widely different or
changing needs. As it does for its MCU customers, Microchip
provides easily accessible tools to help even less security-savvy
customers to build in the level of security they need.

The security components are primarily add-ons that sup-
port the MCU, limiting the incremental expense to only those
applications that need the security benefit. In conjunction
with all of those MCU architectures, this makes good sense
since every cent counts in small systems and Microchip is
known for squeezing every penny of cost out of its products.

RIGHTS, PRIVACY, SECURITY: A FINE LINE

Society has a struggle, debating and pushing the line of
who has which rights, what is private, and when has secu-
rity been compromised. Individuals, organizations, corpo-
rations, countries, and even softer concepts play into the
discussion like culture, morals, deceit, and what is right. The
arguments arise, develop, reconcile, and rehash over time.
Often money is the ultimate resolution, but that has moral
considerations, too.

Without trying to settle where lines of rights, freedom, and
privacy should be drawn, security is about enforcing those
lines. That enforcement has a cost, but security must be incor-
porated into our evolving inventions or they will fail from its
absence. There will continue to be a learning process because
the attackers will not stop trying. But one must determine a
strategy, execute a rational plan, review real-world results, and
make adjustments in order to advance to higher security.

The number of electronic devices and digital services in the
world today, the interconnectivity of those devices, services,
and humans, the sheer volume of network traffic, and the
dependence of modern society on all those inventions pushes
the importance of security in our digital world to where it can-
not be ignored. &
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Advances
Vehicle Te

Keep Rolling On

IN Infelligent
chnology

As carmakers and Tier 1s develop basic building blocks for the autonomous

cars of the future, drivers are getting

n an industry that once lagged in electronics adoption,

today’s automobile is at the forefront of the electronics

technology curve. Much of what we’re seeing today

is bridging the gap between traditional automobiles
and the self-driving car yet to come. According to data pre-
sented in the 2018 edition of the IC Market Drivers study from
IC Insights, automotive-electronic system sales are forecast
to rise by a compound annual growth rate (CAGR) of 5.4%
through 2021, which is the highest among major end-use sys-
tem categories studied by the Scottsdale, Ariz., research firm
(Fig. 1). (Industrial electronic systems was next at 4.6% CAGR,
followed by communication systems at 4.2% and consumer
electronics systems at 2.8%.)

At the heart of the hit parade are car companies and Tier
1s. They are partnering with tech giants like Google and Uber
as well as prominent startups to develop the next-generation
autonomous vehicles that will alter our roads and highways.
Now common aboard the vehicles currently in
showrooms are (SAE) Level 1 features, such as
adaptive cruise control, automatic emergency
braking, automated parking, and active lane
control. Luxury brands including Volvo, BMW,
and Mercedes-Benz have begun to showcase
Level 2 features like automated steering and
speed control. Level 3 cars from Tesla, Cadil-
lac, and Audi offer partial autonomy, but still
require driver intervention. Level 4 will be fully
autonomous but can be driven by humans, while
Level 5 vehicles will be designed to eliminate the
driver completely.

Ponder this: GM’s Cadillac Division is now
selling its CT6 sedan with a driver-assistance
system called Super Cruise (Fig. 2). It uses a
radar sensor, cameras, GPS positioning, and

Auto
Ind/Med/Other
Comm
Consumer
Gov/Mil

Computer*

1. Automotiv
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a glimpse of what’s to come.

a digital map to handle all of the braking, accelerating, and
steering on divided, limited-access highways—places where it
does not contend with intersections, traffic lights, and pedes-
trians. Super Cruise is General Motors’ answer to Tesla’s Auto-
pilot, the best known of the semiautonomous driving systems
that have arrived in the past two years. Neither system is fully
autonomous, as both require drivers to remain alert and pre-
pared to take control at any time.

Unlike Autopilot, Super Cruise does not require you to keep
your hands on the steering wheel. A camera mounted on the
steering column monitors the driver’s eyes and head. When
Super Cruise is engaged, a thin light strip on the top of the
steering wheel appears green. If the driver looks away longer
than once every three seconds or so, it flashes to bring his/her
attention back on the highway. If the driver fails to do so, the
light strip turns red and the driver’s seat vibrates, alerting the
driver to take control.

Worldwide Electronic System CAGRs
($, 2016-2021F)

5.4%

| 2.0%

1
0.0% 1.0%

*Includes tablets.

2.0% 3.0% 4.0% 5.0% 6.0%

Source: IC Insights

e electronic system growth is the highest among major end-use

categories studied by the research firm IC Insights.
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2. Cadillac’s Super Cruise, offered on its 2018 CT6 sedan, permits hands-off
driving but warns the driver if he/she diverts attention. (Source: Cadillac)

SMART SUVs NAVIGATE OFF ROADWAY

Different requirements affect sport utility vehicles, as intel-
ligent, connected SUV's are not expected to operate exclusively
on regular roads. In November, Ford Global Technologies was
granted a patent for an off-road autonomous driving system
that can evaluate an environmental obstacle, like a ditch or
a boulder field, and traverse the obstacle without manual
input. Ford’s patent outlines a system utilizing on-board cam-
eras, radar, ultrasonic and height sensors, LIDAR, topographic
maps, and rain and road-condition detectors.

The system initially performs two key tasks. First, it decides
if it could safely navigate an off-road challenge. If so, it next
determines whether it could do so with passengers in the
vehicle. If the system suspects a rollover risk beyond a certain
safety threshold, passengers would be instructed to exit the
vehicle. It would then try to maneuver the route on its own
while the passengers and driver followed along on foot. A
remote-control override ensures that the vehicle won’t leave
anyone behind. The system would command variables, such
as an active suspension, differentials, body mounts, and indi-
vidual wheel position, via settings like “rock crawling,” to get
around or through the obstacle.

LIGHTING THE WAY

Situational awareness is key to the operation of intelligent
vehicles. The 2018 Audi A8L fuses sensor data from a forward-
looking camera, a 145-deg. forward-looking laser scanner, four
corner-mounted short-range radar units, and a longer-range
grille-mounted radar sensor as well as short-range ultrasonic
sensors. The laser scanner involves a stationary laser beam
aimed at a spinning wheel with flat mirrors on it. The face of
each mirror directs the beam through its 145-deg. forward arc.

To illuminate the environment around its cars, Audi has
achieved full type approval to sell laser high-beam lights in
the U.S. It is, however, restricted to a range that extends just
slightly past the LED high-beam pattern. In contrast, the laser
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doubles the high-beam range in Europe. The 405-nm
blue laser beam reflects off a material that turns the
light white. (Fig. 3).

Similarly, BMW’s adaptive LaserLight headlights
do not project lasers onto the road, but fire laser
light through a series of mirrors. Those mirrors are
located within the headlamp assembly. As a result,
the light is reflected and focused into a lens filled
with yellow phosphorus. Once the light interacts
with the yellow phosphorous, a white light is cre-
ated that’s 10 times brighter and more intense than
traditional Xenon or LED headlamps. The system is
said to improve high-beam output by a factor of two,
meaning you can see twice as far down the road or up
to 600 m, according to the company.

Laserlight high-beams are also designed to prevent
oncoming traffic from being blinded. So there’s no need to turn
off the lights when oncoming traffic is approaching. LaserLight
uses a camera and a selective beam system that detects oncom-
ing vehicles or those that are overtaking the BMW and auto-
matically dims the beam. Because the system is GPS-enabled, it
can anticipate and better light turns in the road.

3. The European version of the Audi laser light doubles the range of
the high beam. (Source: Audi)

ALL CARS CONNECTED

Among the basic building blocks for intelligent cars of the
future are wireless technologies like vehicle-to-everything
(V2X) communications. Continental AG has announced its
intention to use Qualcomm’s C-V2X Reference Design with
the integrated Qualcomm 9150 C-V2X chipset in connected
car systems being built for field trials. Its goal is to test con-
nected car systems with regard to range, reliability, traffic
density, and latency in addition to defining automated-driving
use cases. Designed to enhance device-to-device communica-
tions, C-V2X technologies complement and extend existing
cellular capabilities, enabling direct communications without
requiring the involvement of the cellular network.

(Continued on page L34)
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KEYSTONE

ELECTRONICS CORP.

WEB | www.keyelco.com

EMAIL | kec@keyelco.com
TEL | 800-221-5510
FAX | 516-328-1080

QUALITY INTERCONNECT COMPONENTS AND ELECTRONIC HARDWARE

eading-edge technology and precision manufacturing

have defined Keystone’s performance as a world-class

manufacturer of precision electronic interconnect
components and hardware since 1950.

We manufacture precision stampings, in metallic or non-
metallic materials for all industries, and are specialists in
progressive dies, four slides, wire forming, in-die tapping,
and high-speed blanking. Screw machine products are made

with automatic machinery and support equipment to produce

competitively priced precision turnings from .020” to 1.00”
diameters in metallic or non-metallic materials. Our cost-
effective assembly procedures include eyeleting, riveting,
staking, swaging, inserting, crimping, soldering, and screw
insertion, with automatic and semi-automatic operations

assembling metallic or non-metallic components into finished

products.

Our full-line catalog, M65, features products that are
engineered specifically for use by OEM Designers and
Engineers who create and develop state-of-the-art electronic
products, instruments, and systems.

PRODUCT OVERVIEW

BATTERY CLIPS, CONTACTS and Holders; Fuse clips, Contacts
and Holders; PCB Terminals and Test Points; Spacers and
Standoffs; Panel Hardware; Pins, Plugs, Jacks, and Sockets;
PC Board Hardware; Multi-Purpose Hardware; Terminal Boards
and Strips; LED Lens Caps and Holders; and Wire-to-Wire
“i-Clamp” Connectors.

While our catalog products meet most standard
requirements, modifications as well as custom fabrications
can be manufactured to meet customer-specific needs.
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Spacers & Standoffs Panel’Hardware.
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Terminals & Test Points

Keystone’s design and engineering experts are fully integrated
with our in-house precision tool and die shop. Utilizing the latest
CAD/CAM and 3D modeling software, Keystone’s Custom
Manufacturing Division provides close tolerance Stamping,
Machining, and Assembly services as part of their quality control
and responsive customer service.

Keystone’s Quality System is ISO 9001:2008 certified by
DNV Certification, Inc. under the RAB and RvA accreditations.
Our quality assurance program is in accordance with these
requirements and applies to all standard and custom interconnect
components and hardware. Keystone is also RoHS and REACH
compliant. Keystone has USA headquarters with offices in
Canada, Europe, Australia, and Asia.

For more details, contact Keystone Sales at 800-221-5510,
Fax: 516-328-1080, Email: kec@keyelco.com, or visit www.
keyelco.com online. Request Catalog M65.

EYSTONE

ELECTRONICS CORP
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Supplied in Colors to match Auto Fuse Amperage © Simplified visual Fuse Identification
Available for Mini, Low Profile Mini and Standard automotive blade fuses
Thru Hole Mount (THM) or Surface Mount (SMT) configurations
and reflow operations
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Intelligent Vehicle Technology

(Continued from page L31)

Volkswagen will bring its own dedicated V2V technology
to market in 2019 utilizing public wireless LAN (pWLAN)
as a communication channel. The technology allows cars to
share information within a range of about 500 m. This makes
it possible for cars and transport infrastructure to give drivers
accident warnings and a heads-up on risky scenarios like traf-
fic and road conditions.

A MORE FUEL-EFFICIENT MEANS OF PROPULSION

Historically, every time it seems fossil fuel is on the ropes,
the automotive industry pushes technological innovation one
step further. This time, however, it does appear that the shift
to electric vehicles and alternate fuels, such as hydrogen, is
going to have government backing. For instance, France, Great
Britain, the Netherlands, and Norway have all said they plan to
ban the sale of gas and diesel cars in the coming decades. More
importantly, China—the world’s largest car market—and
India plan to join them.

On a corporate level, Volvo said it would cease production
of gas-only vehicles by 2019. Daimler AG, the parent company
of Mercedes-Benz, announced plans to offer electrified ver-
sions of all of its cars by 2022. GM is working toward an all-
electric, zero-emissions future that starts with two new, fully
electric models next year and at least 18 more by 2023. For
its part, Volkswagen said it would electrify its entire 300-car
lineup by 2030.

In the commercial truck space, Tesla has unveiled a proto-
type for a battery-powered, short-haul electric “semi” truck.
It features the company’s Autopilot system, which can main-
tain a set speed and automatically slow down in traffic and
keep the vehicle in its lane. Tesla says the semi will consume
less than 2 kwH per mile and have a range of up to 500 miles
(804 km) on an electric charge—even with a full 80,000-1b.
(36,287-kg) load.

According to Tesla, it will cost less than a diesel semi con-

sidering fuel savings, lower maintenance, and other factors.

4. Toyota’s Sora bus has 10 tanks containing 600 liters of hydrogen.

(Source: Toyota)
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Production will begin in 2019. Global annual electrified pow-
ertrain medium and heavy-duty truck sales are expected to
grow from about 31,000 vehicles in 2016 to nearly 332,000 by
2026, according to Navigant Research.

At the Tokyo Motor Show this past October, Toyota
debuted two concept vehicles powered by hydrogen fuel
cells. The Sora fuel cell bus (Sora is an acronym for Sky,
Ocean, River, Air—the earth’s water cycle) is aimed for pro-
duction in 2018, with more than 100 of them to be used in
the Tokyo metropolitan area ahead of the 2020 Olympic and
Paralympic Games (Fig. 4).

Sora’s powertrain consists of two 114-kW fuel-cell stacks
and dual drive motors outputting 113 kW and 355 Nm of
torque each (equivalent to 152 hp and 262 Ib.-ft. of torque). A
relatively small nickel-metal-hydride (NiMH) battery is also
on board, as are a total of 10 hydrogen tanks with a total capac-
ity of 600 liters.

The other fuel-cell-powered Toyota concept vehicle is
dubbed “Fine-Comfort Ride.” This crossover-type vehicle
runs on hydrogen with a range of 1,000 km (620 miles) per
charge. It can be refueled in about three minutes. The “Fine
Comfort” name relates to six captain’s chairs that all swivel
toward the middle. They adjust to their user’s posture and
seating position in a manner similar to a business-class air-
plane seat.

THE NEXT STEP

We can no longer pretend that a tectonic shift in how we
interact with automobiles isn’t on the horizon. 2017 brought
motorists “hands-off” assisted-driving services in which driv-
ers are still largely in control. Thus equipped, intelligent cars
can activate automatic braking and lane-keeping functions
while providing assistance in traffic jams on expressways and
in parking maneuvers. While this technology is being widely
accepted by the public, the next step—the fully autonomous
car—continues to generate skepticism.

According to a 2017 study by American International
Group, Americans are highly polarized as to whether to
accept or reject self-driving vehicles on the road. In the
survey, 41% of respondents said they are uncomfortable
with the idea of sharing the road with driverless vehicles.
Yet 42% are generally okay with it. A plurality (39%) believes
driverless vehicles will operate more safely than the average
human driver, though a substantial group—27%—felt they
would not.

A major stumbling block to acceptance is the perceived
security of the vehicles. Fully 75% of respondents expressed
concern that fully driverless vehicles—and even autos with
autonomous features (emergency braking, lane departure
avoidance, etc.)—are susceptible to hackers taking control.
Clearly, there is work that still needs to be done. &%l
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Turning to

Machine Learning for
Industrial Automation
Applications

We look at companies using machine learning in their industrial automation and
manufacturing facilities and what results it’s generating for those businesses.

tits core, machine learning studies the con-
struction of algorithms and learns from
them to make predictions on data by build-
ing models from sample inputs. If we further
break it down, machine learning borrows heavily from com-
putational statistics (prediction modeling using computers)
and mathematical optimization, which provides methods,
theory and application data to those models. In essence, it cre-
ates its own data models based on algorithms and then uses
them to predict defined patterns within a range of data sets.

Machine-learning algorithms can be broken down into five
types: supervised, unsupervised, semi-supervised, active, and
reinforcement, all of which act just like they sound. Supervised
algorithms are programmed and implemented by humans to
provide both input and output as well as furnishing feedback
on predictive accuracy during training. Machine learning will
then use what it has learned and apply it to introduced data
sets. Unsupervised requires no training and relies on “deep
learning” (an aspect of AI that automates predictive analyt-
ics) to analyze data, which it uses to predict data sets. Semi-
supervised is provided with incomplete algorithms or train-
ing sets and learns by completing the missing components.
Reinforcement learning provides feedback to the program as it
completes actions in a dynamic environment and extrapolates
predictive data sets by learning from said actions.

There are a considerable number of algorithmic approaches
to machine learning, and that number continues to grow given
that AI, Deep Neural Networks (DNNs), and machine learn-
ing (all part of the same family) are still in their infancy. While
volumes of information are written for each, they were all
created for specific applications. For example, reinforcement
learning can be found in self-driving vehicles and computer

GO TO ELECTRONICDESIGN.COM

1. Siemens MindSphere helps to optimize automation systems and

facilities. (Courtesy of Siemens)

opponents in video games while decision-tree learning is used
extensively for mining big data.

That being said, machine learning has a surprising number
of applications that move beyond self-driving vehicles and
video games, including the medical industry (helps physi-
cians make a more informed diagnosis), the financial industry
(portfolio management, stock trading, fraud detection, etc.),
and retail/customer service (pinpoint customer behaviors for
advertisements), to name just a few. While those examples are
perhaps more commonly known for those with little knowledge
of machine learning, it may be surprising to see that those AI

(Continued on page L42)

L35


http://electronicdesign.com

2017 LEADERS PROFILE

ElectronicDesign.

ALTECH CORP,

ltech Corporation is an established United States-

based supplier of components and devices used in

industrial control, instrumentation, and automation
applications. Altech is an ISO 9001:2000-certied manufacturer
and distributor of electrical, electronic, and electromechanical
components.

Altech provides a multitude of services for customers.
Thisstarts with its employees, where product managers
providetechnical support and partner with customers in design
assistance, ensuring the best solution for the application.
Next, an efcient customer service department ensures that
customers are informed with complete order information.
Depending on the product, the versatile assembly department
provides manufacturing, value-added, or customization
services to expedite delivery. Altech’s marketing department
has been highly recognized for its catalogs, advertising, and
website designs, while the sales department motivates over
20 manufacturer representative companies throughout North
America, ensuring product information is current and complete.

SERVING AUTOMATION AND CONTROL INDUSTRIES
SINCE 1984

Altech’s products meet UL and international standards, and
all are RoHS- and REACH-compliant. Altech’s commitment
to quality and continuous quality management had been
recognized since May 27, 1999 when it was awarded the
prestigious honor of ISO 9001 certication. Since then, Altech
has successfully gone through the recertication process and
maintains a ISO 9001:2000 certication.

WIDE VARIETY OF AUTOMATION
& CONTROL SOLUTIONS

The Altech product line includes miniature circuit breakers,
busbars, DC-UPS devices, digital panel meters, DIN rail
terminal blocks, printed circuit board terminal blocks,
contactors, industrial relays, motor disconnect switches, pin

Gorporate Headguarters in Flemington New Jersey am
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and sleeve devices, receptacles, foot switches, relay modules,
safety relays, slimline relays, solid state relays, push buttons,
and pilot lights.

Also available are metal detection systems, ferrules, marking
and engraving systems, fuses, power distribution blocks,
corrugated tubes, liquid tight strain reliefs, programmable relays,
digital multi-timer, test and measurement devices, LED panel
lights, mechanical thermostats, panel Iters, tower lights, and
wire ducts. Altech’s products meet UL and many international
standards and all are RoHS-compliant.

OUR POLICY

Altech Corp.’s Company Policy remains to provide adequately
stocked quality products at competitive prices. Superior
customer service and delivery are maintained through a quality
management system and continuous process improvement
and by performing these services with honesty and integrity. All
Altech employees are regularly trained in quality management
systems, and as a team are committed to achieving these goals.

Altech Corp.
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Attech Corp.

An Industry Leader in
uality Control Components

Busbars & Power Distribution e Circuit Protection
Contactors & Overload Relays ® DC-UPS e Digital Panel Meters
Digital Timers e DIN Enclosures ® Eurostrips ® European Fuses

Ferrules ® Foot Switches ® Fuse Holders ® Ground Fault Protection
Industrial Enclosures e Interface Modules e Limit Switches
Liquid Tight Strain Reliefs ® Marking & Engraving Systems

Motor Disconnect Switches ® Pin & Sleeve Devices ® Power Supplies i
Push Buttons & Pilot Lights ® Rope Pull Switches ® Safety & Slimline Relays =
0 : Safety Switches e Solid State Relays ® Sensors ¢ Programmable Relays

é’ ; © ) Terminal Blocks e Test & Measurement ® Tower Lights ® Wire Ducts
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WEB | www.GavazziOnline.com

EMAIL | Sales@CarloGavazzi.com
CARLO GAVAZ/

FAX | 800-222-2659

750 Hastings Lane
Buffalo Grove, IL 60089

A GLOBAL FORCE IN
ELECTRONIC AUTOMATION

ounded in 1931, CARLO GAVAZZI is a multinational

electronics group active in the design, manufacture,

and marketing of electronic and electrical
components for industrial automation and building
automation.

With several ISO9001- and ISO14001-certified manu-
facturing and R&D facilities throughout Europe and Asia,
and dozens of sales offices spanning the globe, you are
assured that product support, service, and inventory are only
a phone call, email or mouse click away. CARLO GAVAZZI
products are developed and manufactured in full compliance
with the most important standard regulations, such as UL
and CSA.

Typical customers are original equipment manufacturers
(OEMs) of packaging machines, injection molding (plastics)
machines, agriculture machines, food and beverage
production, conveying and materials handling equipment,
door and entrance control systems, parking guidance systems,
elevators and escalators, as well as heating, ventilation, and air-
conditioning devices. System integrators and distributors are

typically the channels we utilize to reach the market.

OUR COMPREHENSIVE RANGE OF PRODUCTS:

SENSORS: Capacitive and Inductive Proximity Sensors,
Photoelectric Sensors, Ultrasonic Sensors, Level Sensors,
Motion/Presence Sensors, Magnetic Switches, Limit Switches,
and Safety Interlocks

SWITCHES: Solid State Relays, Solid State Contactors,
Electromechanical Contactors, Definite Purpose Contactors,
Overloads, Manual Motor Starters, Mini Circuit Breakers,
Soft Starters, and Electromechanical Relays

CONTRoOLS: Current/\Voltage/3-Phase Monitoring Relays,
Energy Meters/Software, Current Transformers, Switching
Power Supplies, Timers, Digital Panel Meters, DuplineSafe
Mining/Monitoring System, and Fieldbuses

CARLO GAVAZZI
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Solid State Relays F
and Contactors

\4

Carlo Gavazzi is one of the fastest growing solid state relay and contactor manufacturers worldwide.
One of the key reasons is our comprehensive range of products, which provide unparalleled solutions.

Chassis Mount Solid State Realays

3-Phase SSRs for up to <—— Slim-line SSRs for up to 90 amps

75 amps ———>

SSRs for up to 125 amps,
_ ra T 3 i also available in analog

Compact SSR with —— e _—g %/ m <— switching and peak

fast-ons for up to 25 amps ;;L, T switching

Two Pole SSRs for up to 75 amps per pole with
separate or common input voltage

DIN Rail or Chassis Mount Solid State Relays and Contactors with Integrated Heat Sinks

Mini size solid state relays :‘
and contactors for upto -
30 amps (5Hp) —> [

.

Two and three pole solid
state relays and contactors
for up to 75 amps per
<«—— pole (25Hp)

Midi size solid state relays = oo
and contactors for up to ———> 12 4
40 amps {7.5Hp) o0
Power line solid state relays and contactors for

up to 90 amps (15Hp)

Specialty Solid State Relays and Contactors

System monitoring SSRs for
up fo 110 amps, monitors line
voltage and load current —> |§

Three phase proportional
controllers for up to 75A,
with phase angle switching.
distributed {1, 4 or 16 cycle)

<— bursts, or soft starting

Analog switching SSR provides
five switching modes and can control e
up to 63A loads with a 4-20mA, ——> .~ 7
0-5, 1-5 or 0-10VDC input LY,

SSR with switching and circuit profection with integrated
semiconductor fuse, and option for system monitoring

.......

Contact us today if you're interested in a free evaluation sample (qualified OEMs only).

GavazziOnline.com ® 847.465.6100 ¢ Info@CarloGavazzi.com
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ALTECH® INTRODUCES INDUSTRY ‘FIRST’ UL 489 GROUND FAULT

WEB | www.altechcorp.com
EMAIL | info@altechcorp.com
TEL | 908-806-9400
FAX | 908-806-9490

35 Royal Rd.
Flemington, NJ 08822

EQUIPMENT PROTECTOR AUGMENTING COMPLETE LINEUP TO

HELP PREVENT COSTLY PRODUCTION SHUTDOWNS

A complete line of UL Ground Fault Equipment Protection
(GFEP) devices from Altech Corp.® - including an industry “first”
—introduce ideal solutions to help prevent costly production
shutdowns due to AC and DC pulsating ground faults, as

well as overloads and (with some models) short circuits. The
technology lineup — unmatched in the industry — offers three
highly engineered series of devices delivering multiple capabilities
and promoting reliable protection and operation of equipment
wherever and whenever ground faults may occur. In all three
series, ground fault sensitivity levels range from 10 mA — 500 mA.

The UL 489 Branch Circuit Breaker with Ground Fault Relay
(GFL Series) represents an industry “first” by combining a
Ground Fault Equipment Protector with a UL 489 Branch
Circuit Protector, which eliminates a need for upstream circuit
protection. This device is available in 1 pole+N, 2 pole, and 2
pole+N configurations at 120/240V AC and 240V AC. Rated

current is 5A-40A and rated Short Circuit Interrupt Capacity is
10kA. Three trip curves (B, C, and D) can be specified.

UL 489
Branch Circuit
Breaker with
Ground Fault Relay

UL 1077
Ground Fault
Relay with

UL 1053
Ground Fault
Sensing and
Relaying Device

L40

The UL 1053 Ground Fault Sensing and Relaying device (GF
Series) provides residual current protection for circuits with loads
up to 63A. This model is designed with 2 and 4 poles at 277V
AC and 480Y/277V AC, rated current of 25A, 40A, and 63A,
and rated Short Circuit Withstand Capacity of 10kA. This device
represents an ideal retrofit GFEP where standard overload and
short circuit protection is already being provided (or will be
provided) by other means.

The UL 1077 Ground Fault Relay with Overload Protection (GFR
Series) serves as a combined Equipment Ground Fault Relay
and Supplementary Protector (RCBO). The device can be
supplied with 2 and 4 poles at 277V AC and 480Y/277V AC and
with a rated current of 5A-40A. Rated Short Circuit Withstand
Capacity is 10kA and three trip curves (B, C, and D) are offered.

These three series are the latest additions to Altech’s UL

listed product range dedicated to meet the most demanding
conditions and applications across industries. Altech further
provides comprehensive product support and the capability to
develop customized solutions to meet particular requirements.

THE ALTECH ADVANTAGE

These three series are the latest additions to Altech’s UL

listed product range dedicated to meet the most demanding
conditions and applications across industries. Altech further
provides comprehensive product support and the capability to
develop customized solutions to meet particular requirements.

ABOUT ALTECH CORP.®

Altech Corp. is a supplier and distributor of electronic and
control components. Altech’s product line includes industrial
enclosures, terminal blocks, fuses, circuit breakers, disconnect
switches, inductive proximity sensors, DIN enclosures, interface
modules, foot switches, liquid tight strain reliefs, safety relays,
safety switches, European fuses, PIN & sleeve devices, power
supplies, test & measurement, tower lights and wire ducts.

Attech Corp.”
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1st “ONLY

GROUND FAULT RELAY IN THE INDUSTRY

@

Ground Fault Sensing
& Relaying Equipment
E483493

UL 1053

Ground Fault
Sensing and
Relaying Device

* 1 Pole + N and 3 Pole + N versions
e 277V AC and 480Y/277V AC
* Rated Current 25, 40 and 63A
* Residual Current Sensitivity
10, 30, 100 and 300mA
* Rated Short Circuit
Withstand Capacity 10kA
¢ Rated Frequency 50/60Hz

Branch Circuit
Breaker with
Ground Fault Relay

* 1 Pole + N, 2 Pole and
2 Pole + N versions
* 240V AC and 120/240V AC
¢ Rated Current 5 - 40A
¢ Residual Current Sensitivity
10, 30, 100 and 300mA
* Rated Short Circuit c@us
Interrupt Capacity 10kA .. "o
* Rated Frequency 50/60Hz
e Overload Trip Curves B, C and D

GUS

Ground Fault Sensing
& Relaying Equipment
E483493

UL 1077

Ground Fault Relay
with Overload
Protection

® 1 Pole + N and 3 Pole + N versions
e 277V AC and 480Y/277V AC
* Rated Current 5 - 40A
® Residual Current Sensitivity
10, 30, 100 and 300mA
® Rated Short Circuit
Withstand Capacity 10kA
® Rated Frequency 50/60Hz
® Overload Trip Curves B, C and D

Catalog available
in print and
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Machine Learning

(Continued from page L35)

algorithms are finding their way into the manufacturing indus-
try, providing everything from increased production capacity
to more efficient plant operations and everything in between.

Preventative maintenance/repair, condition monitoring
(machine efficiency), and optimizing supply chains can all
be had with integrated machine-learning algorithms. Manu-
facturers are also starting to integrate AI programs into their
automation processes and the inclusion of other advanced
technologies (IoT, modular/adaptive hardware, distributed
intelligence, etc.), is helping manufacturers gain a foothold
in the 21st century’s Industry 4.0 revolution. According to a
report from TrendForce, smart manufacturing is expected to
undergo significant growth in the next three to five years and
estimates the manufacturing market will bring in $200 billion
this year alone—and is expected to grow to $350 billion by
2020, a growth rate of 12.5%.

If manufacturers want to remain competitive, they will
have to eventually (if they haven’t already) incorporate these
new technologies into their plant infrastructure or modernize
their legacy systems, a key component of which is industrial
automation. With consumers growing more conservative in
their product views (quality and customization), being able
to change production systems in a short amount of time is
crucial, and advanced hardware and software help provide
that path without the need for retooling or systemwide repro-
gramming. Machine learning in this area and all aspects of
industrial automation can be beneficial—it can monitor and
help perform maintenance on production machinery, repro-
gram industrial PCs (distributed intelligence) for new product
production, and optimize the efficiency of plant operations
over the entire supply chain.

While there is a host of manufacturers incorporating
machine learning into their production platforms, there are
currently four businesses leading the way in this area with the
different ways they are utilizing the technology. In this article,
we'll look at how these companies are using machine learning
in their industrial automation and manufacturing facilities and
what results it’s generating for those businesses, beginning with
the well-known German conglomerate Siemens.

MINDSPHERE: FROM PRODUCTION DESIGN
TO MAINTENANCE

Siemens has been using neural networks to moni-
tor its steel plant operations and improved efficien-
cy since the 1990s and currently employs around
200 employees to advance machine learning in the
coming years. One of the company’s more exciting
technologies that utilize Al for automation and oth-
er systems is its MindSphere open-IoT OS, which
lets it monitor, record, and analyze nearly every
facet of manufacturing—from production design to
maintenance.
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“Our industrial operating system MindSphere also benefits
from intelligent data analyses—with regard to predictive main-
tenance, for example, as well as through its ability to optimize
the operation of systems and facilities. The software’s ability to
analyze operating data and sensor measurements, allows it to
spot anomalies in facilities and automation systems,” explains
Siemens AG Chief Technology Officer Roland Busch. Siemens
can use the Al platform on legacy systems by attaching sensors
and communication nodes to older motors and transmission
systems to provide data to MindSphere, which can analyze the
information and draw conclusions on their optimum perfor-
mance, making predictive maintenance possible.

The OS is so successful that the company uses it for other
industries, including electrical power grids (classify and local-
ize disruptions), railway trains (predictive maintenance utiliz-
ing vehicle’s operating data), and wind parks (optimize wind
turbine position based on weather data). Siemens hopes to
integrate the MindSphere system in the near future for a new
product known as ClickToMake—a production-as-a-service
platform or a type of point-and-click vision of a self-configu-
ration factory.

AT GE, SPOTTING POTENTIAL PROBLEMS

GE has followed suit, developing its own machine-learning
industrial automation operating software. Similar to Siemens’
MindSphere, GE’s Brilliant Manufacturing Suite is a produc-
tion-wide system that tracks, monitors, and processes every-
thing in the manufacturing cycle to find possible problems
and inefficiencies before they become prevalent. According to
GE, the premise of the software suite is to spot potential prob-
lems and provide possible solutions.

The system is powered by GE’s Predix software platform,
which is an IIoT software package that garners data from
sensors and monitors production hardware for potential prob-
lems. The company has already spent around $1 billion devel-
oping the Brilliant Manufacturing Suite, $200 million of which
went to building the Brilliant Factory (back in 2015) in India,
claiming it improved equipment effectiveness by 18%. In total,

2. GE’s Brilliant Manufacturing Suite provides monitoring and predictive mainte-

nance for manufacturing production platforms. (Courtesy of GE)
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GE has established seven factories outfitted with the Brilliant
Manufacturing Suite, which has boosted its production effi-
ciency across the board.

MACHINE LEARNING FOR ROBOTS

Chinese-owned German manufacturer KUKA is one of the
world’s largest industrial robot and factory automation manu-
facturers and produced its first industrial robot back in 1973.
The company has since taken an interest in machine learning,
most notably for human-robot collaboration in manufactur-
ing, where safety is paramount. While some industrial robots
rely on sensors and predefined force pressures for safety mea-
sures, KUKA uses machine learning to achieve the same goal.

The company’s flagship LBR-iiwa industrial robot, for
example, learns from its surroundings and movement rep-
etition via simulations—position the robotic arm in a virtual
environment and it will plot those positions in the real world
using coordinates. According to Project Manager Jakob Berg-
hofer, “The LBR iiwa is sensitive, compliant, safe, precise, and
flexible, and is equipped with mechanical systems and drive
technology for industrial operation. This makes it possible to
automate delicate and complex assembly tasks in which the
use of robots was previously inconceivable”

Not only does KUKA employ these robots in its manu-
facturing plants, but others have also taken notice and have
incorporated them into theirs, including BMW, which has
recently added them to its Munich facility production line,
working side by side with their human counterparts. It’s only
a matter of time before others follow suit and incorporate
machine-learning robots into their factories.

Japanese industrial robotics company Fanuc utilizes
machine learning to perform manufacturing tasks in a similar
fashion as KUKA, albeit using a different method or algorithm.
The company collaborated with prominent Japanese Al devel-
oper Preferred Networks to develop industrial manufacturing
robots that can learn on their own with minimal input. More
accurately, they learn using a deep reinforcement learning plat-
form to train itself over time. For example, you show the robot
what task you would like it to perform, and it will take video of
that job and try to duplicate
it through repetition until
the task is achieved with a
high accuracy.

The successful develop-
ment of smart robots has
other companies taking an
interest in Fanuc’s endeav-
ors. The robotics company
contracted with Cisco and
Rockwell Automation last
year to develop and deploy
the machine collaboration

GO TO ELECTRONICDESIGN.COM

3. KUKA'’s LBR-iiwa industrial robot uses machine learning for
increased safety for human/robot collaboration. (Courtesy of KUKA)

platform FIELD (Fanuc Intelligent Edge Link and Drive) for
smart automation manufacturing. In essence, FIELD brings
data analytics to intelligent robotic applications for a new level
of efficiency through predictive analysis.

A short time later, GPU manufacturer Nvidia took notice
and offered up its chip technology to enhance the FIELD plat-
form with a shorter learning time for manufacturing robots.
The idea is if it takes a robot eight hours to learn specific tasks,
then eight robots could learn it in just one hour. Fanuc hopes
that the latest developments will help power the factories of
the future.

These companies are leading the forefront of development
when it comes to machine learning in industrial automation,
and while these developments are just baby steps into a much
larger world, they are significant and paint a picture of the
future where Industry 4.0 is the standard in manufacturing.
The IoT, cognitive computing/Al, the cloud, sensor suites, and
robotics are all just modular parts that makeup what mod-
ern manufacturing is becoming. The technology is already
being implemented in most modern factories in some form or
another, helping manufacturers to remain competitive in an
ever-changing world with ever-changing technology. &l

4. Fanuc utilizes Preferred Networks’ machine-learning algorithm to perform new tasks. (Courtesy of Fanuc)

L43


http://electronicdesign.com

2017 LEADERS PROFILE

ElectronicDesign.

ALTECH
CORP

IN SINGLE DEVICE

ALTECH® CBI ALL-IN-ONE UPS POWER SOLUTIONS
COMBINE POWER SUPPLY, BATTERY CHARGER,
BATTERY CARE MODULE, AND BACKUP MODULE

WEB | www.altechcorp.com
EMAIL | info@altechcorp.com
TEL | 908-806-9400
FAX | 908-806-9490

35 Royal Rd.
Flemington, NJ 08822

CBl all-in-one UPS power solutions from Altech Corp.® combine multiple functions in a single device for use as a power supply unit,
battery charger, battery care module, or backup module. This “intelligent” device is compatible with a range of common battery
types and is fully equipped with a real-time diagnostics system to continuously monitor battery status, charging levels, and potentially
emerging battery faults. The CBI device ultimately will suit any battery-power application in any industry or setting where battery

reliability is essential and the availability of backup power is critical.

The CBI UPS (Uninterruptible Power Supply) device is available
in 12VDC, 24VDC, and 48VDC output versions for pairing with
conventional battery types including open lead acid, sealed lead

acid, lead gel, and Ni-Cd (as an option). The device features three
charging levels (Recovery, Boost, or Trickle), allows for adjustment

of charging current (from 20% to 100% of output current), and
automatically and ideally distributes available power among
load and battery. High efficiency up to 91% is achieved through
switching technology.

The device’s battery-charging function is microprocessor-
controlled and uses algorithms to detect a battery’s condition
and then choose the appropriate charging mode. Real-time
diagnostics enable easy battery diagnosis and fault identification
(displayed by LED) to protect against potentially occurring faults,
such as short circuit, inverted polarity, overload, or disconnection
of the battery. If the CBI device ever becomes disconnected
from the main power source, the battery will serve to supply the
load until battery voltage reaches 1.5V per cell, preventing deep
battery discharge.

The CBI device performs over a wide temperature range from
-40°C to 70°C (-40°F to 158°F) and is housed in a compact and
rugged metal case offered in three sizes. The device can be DIN-
rail mounted using a built-in a bracket.

Battery Charging Output
Features
Load Output Monitor Signal
Switch Contacts
DIk Rail Mounting
Charglng Level
Mains LED Attech Corp.

Low Battery LED

b isLED
Battery Start
Push Button

N BatteryType

Configuration Jumper
AC Input
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Also Available DC BACK UP with DC Input
NO BATTERY (Power Supply required)

DC-UPS DC LOAD

S} Ultra
A\ POWER  Capacitor
SUPPLY.

AC——~

Power
This power solution builds upon and expands Altech’s extensive
line of dedicated CB battery chargers, which feature the same
advanced automatic diagnostics, charging level options, and

protection against potential faults. All Altech power solutions
meset relevant safety and EMC product standards.

The all-in-one device is covered by a three-year warranty and
custom products can be developed to meet particular application
requirements.

ABOUT ALTECH CORP.®

Altech Corp. is a supplier and distributor of electronic and control
components. Altech’s product line includes industrial enclosures,
terminal blocks, fuses, circuit breakers, disconnect switches,
inductive proximity sensors, DIN enclosures, interface modules,
foot switches, liquid tight strain reliefs, safety relays, safety switch-
es, European fuses, PIN & sleeve devices, power supplies, test &
measurement, tower lights and wire ducts.

Attech Corp.
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While others offer
a 2-3 components
solution ...

... only Altech offers the
CBI AJI-In-OEne solutio

Altech’s CBlI combines the requirements for several
> 8 applications in just one device that includes:

e 1 Power Supply Unit 3 Battery Care Module
2 Battery Charger 4 Backup Module

Available power is automatically distributed among load and battery.

===
With universal input voltages, a large variety of output
b voltages and power options - the Altech CBI All-In-One ﬁ

is just what you need for your DC-Backup. ‘
Some Applicationsfj) -

In.rlal Water Pumping Power Supply Continuity Telecommunications

Light Security Remote Measurement Station Waterworks Control

Marine Applications Security Doors for Banks Wireless Control

Motorway Light Message Boards Security Systems & much more

Portable Equipment Security Vision Control P ¥ >
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LEADERS IN ELECTRONICS

PATRICK MANNION | Contributing Editor

loT and 5G Test Wl
Make or Break Leaders

IoT and 5G test is challenging the status quo for leadership as cost, flexibility,
ease of use, performance, and time-to-market acceleration demands increase.

echnology historians may well look back on 2017

and 2018 as having sparked a golden age of test

and measurement innovation, restructuring, and

leader remaking. While all good companies are
both predicting and responding to customer needs, the indus-
try is well into a hyper-test environment with extreme pres-
sure toward lower cost on one end, while pushing the outer
limits of system performance on the other. Of course, both
must be accomplished while accommodating ease of use and
shortening “time to insight”

How equipment vendors and users respond to the conflict-
ing dynamics in the next few years will affect who stays at the
top of a test and measurement industry that MarketandMar-
kets expects will grow at a CAGR of 3.55% from $23.51 billion
in 2017 to $28.98 billion in 2023. The end applications driving
this growth include healthcare, IT and telecommunications,
and automotive. However, the specific mix of trends and tech-
nologies that are stressing both equipment vendors and users
include the Internet of Things (IoT), the accelerating shift to
5G, the massive amount of testing required for “the connected
car” and autonomous vehicles.

Further upstream, in the datacenter, where all the generated
data eventually comes to rest, they are wrestling with 100- and
400-gigabit-per-second Ethernet (GbE) data transfers and
related power integrity, channel characterization, and signal-
ing issues.

Another interesting dynamic from the vendors’ perspective
is the consolidation of the semiconductor market, which nar-
rows their potential customer base, and is pushing an empha-
sis on excelling in manufacturing and production test. All told,
the changes and pressures hint at a reshuffling of leaders, with
a more flexible approach to test clearly coming to the fore.

According to a report by Frost & Sullivan, the top five par-
ticipants in the RF test and measurement market are Keysight
Technologies, followed closely by Rohde & Schwarz. Next
come Anritsu and Teradyne, followed by National Instru-
ments in fifth place. The requirements of the market in the
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1. Tektronix’s 5 Series MSO addresses the cost and ease of use part

of the company’s Shift Left strategy toward a more holistic approach
to test that pushes more to the front of the development chain.

(Courtesy of Tektronix)

next few years may see a reshuffle, depending on how the
respective companies solve for user requirements.

STRATEGY 1: RIGOROUS TESTING

To help understand the decisions being made by test equip-
ment providers, it’s useful to take a quick look at some of the
pressures designers and test engineers users are dealing with.
In the case of the IoT, for example, time-to-market demands
are putting designers new to wireless connectivity and security
under pressure to learn quickly the nuances of wireless and RF
design and implement appropriate security measures and then
learn how to test them appropriately, with a scant budget.

With over-the-air firmware updates now possible through
connected devices, it’s tempting to perform baseline func-
tional and compliance testing, and ship product as soon as

ELECTRONIC DESIGN



possible—and then, fix any issues that pop up through regu-
lar updates. This assumes the user will allow or enable the
updates, or that the IoT device developer has the means to do
it independent of the user.

Ak Emarievbe, founder of Belvor Technical Resources,
a firm that specializes in providing turn-key solutions and
consultancy services for wireless device and mobile network
testing, has seen this happen, but advises strongly against it.
By doing so, “You aren’t taking into consideration the busi-
ness impact: your brand is at stake,” he says. “And then there
are safety and indemnification risks, so 'm a firm believer in
rigorous test.”

Along with brand destruction, not performing rigorous
electromagnetic compliance (EMC) tests for RF and emis-
sions opens the door to FCC scrutiny. Just last November the
agency slapped an as-yet unnamed company with a $90,000
fine and an obligation to send periodic reports to show it is in
line with a strict compliance plan. The company’s equipment
fell out of compliance with rules governing devices operat-
ing in the Unlicensed National Information Infrastructure
(U-NII) bands. The Commission’s action was a clear and
deliberate warning to device and equipment manufacturers
that regulatory non-compliance will not be tolerated: they
could have their authorization to market their products in the
U.S. rescinded.

However, mistakes happen and features still need to be
enhanced or enabled, so OTA firmware and software updates
still have a role to play.

STRATEGY 2: LOW COST, EASE OF USE

It’s clear that bare-bones testing isn't an option for serious
product developers, so vendors are responding in various
ways to help lower cost and make test easier. “The tools have
to be user friendly and turn-key,” says Emarievbe. “Many
companies doing IoT don’t have the resources of an Apple or a
Qualcomm.” Jessy Cavazos, industry director for test & mea-
surement at Frost & Sullivan, pointed to the influx of newer
engineers “that are raised on major consumer devices like the
iPhone and tablet” A complete redesign from the ground up is
required, says Emarievbe.

As part of its “Shift Left” strategy, which takes a holistic view
of the full prototype, design, and manufacturing test chain,
Tektronix undertook a redesign that addresses the cost, and
ease of use, and time-to-market issues. This included a com-
plete redesign of the user interface. “Our new 5 Series MSO
(Fig. 1) has a faster and more intuitive touch interface,” says
Pat Byrne, president of Tektronix. It also has a stacked display
mode and its FlexChannels provide 4, 6, or 8 digital channels
and up to 64 digital channels, “along with the ability to switch
between analog and digital on any given port without missing
a beat,” says Byrne.

Tektronix’s over-arching Shift Left strategy comes about
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as recognition that the role of test in design verification and
simulation needs to be spread more evenly from the end of
the development process to earlier phases in the development
cycle. “A big part of this Shift Left work is to work toward a
model where testing, simulation, compliance, and validation
tools work together and yield similar results,” says Byrne.

Another dynamic at play that is putting further downward
pressure on cost is the disposable nature of the wireless devices
being developed, said Adnan Khan, senior business devel-
opment manager at Anritsu Company. As IoT technology
evolves, chips, modules, and sensors are falling in cost. “Sub-
sequently the cost of testing needs to be reduced to match the
high-volume but low-cost market,” says Khan. “There needs to
be different testing at the chipset level, module level, and end
host device level”

Given the low cost imperative, “the entire ecosystem,
including the T&M market, has become creative in cost and
time-to-market (TTM) dimension in the IoT space” One clear
path to reducing test cost, says Khan, “is to have reuse of tests
across the different hardware and only test the delta on what’s
needed”

STRATEGY 3: FLEXIBILITY

Given the nature of the two technologies, it seems coun-
terintuitive that they would have similar requirements, but
5G and IoT both need flexible test solutions. From the IoT
perspective, Anritsu’s Khan pointed to the need to address
both short- and long-range technologies. These include

2. Anritsu’s MT8870A Universal Wireless Test Set takes a modular
approach to support multiple wireless interfaces for high-volume
manufacturing test. (Courtesy of Anritsu)

(Continued on page L50)
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ROCHESTER ELECTRONICS: THE SEMICONDUCTOR LIFECYCLE SOLUTION™
ABOUT ROCHESTER ELECTRONICS

or over 35 years, Rochester Electronics has provided the world’s largest source of semiconductors.

We solve supply chain disruption providing the world’s largest range of active semiconductors and

we offer a continuous source of supply with the world’s largest range of EOL semiconductors. We are
100% authorized and licensed by over 70 leading semiconductor manufacturers. Rochester manufactures
and distributes EOL and active products for the industrial, transportation, military, medical, energy,
civil aviation, automotive, and telecommunication markets. Rochester services Distributors, Original
Equipment Manufacturers (OEM), Contract Manufacturers (CM) and Suppliers. Rochester offers authorized
semiconductor product replication/re-creation services — form, fit and functional drop in replacement with
100% software compatibility, no errata.

With the capability to manufacture over 70,000 device types and 15 billion units in stock, no other company
compares to the breadth of our selection, services and manufacturing solutions.

OUR SERVICES

ROCHESTER ELECTRONICS PROVIDES an extensive range of
value added services through authorized distribution, licensed
manufacturing and
logistics. In-house
capabilities provide
quick-turn delivery
for our manufactured
products and
contracted assembly
services. Our proven
test protocol ensures
the highest test
quality with accuracy
guaranteed; offering
a wide variety of

capabilities across OUR SOLUTION
multiple test platforms.

ROCHESTER ELECTRONICS’ GROWING product and service
portfolio continues to provide an authorized source of
supply to customers around the world directly, through

our authorized distribution network, and leading-edge
e-commerce platforms. We thank our Suppliers, Customers,

Distribution Channel Partners and valued global employees

[ ]
E I ect ro n I cs® for enabling us to provide our Semiconductor Lifecycle
Solution™.
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IoT and 5G Test

(Continued from page L47)

Bluetooth and Wi-Fi for short range in the unlicensed bands,
and longer-range LTE, NB-IoT, and LTE Cat M1 and MO in
the licensed bands.

“Given the variety of technologies that need to be verified,
we need to develop flexible and efficient test solutions that
reduce the cost-of-test,” he says. Anritsu’s solution to this
problem is the MT8870A Universal Wireless Test Set, specifi-
cally designed for high-volume manufacturing test (Fig. 2).

It has a mainframe form factor with modules that support
the major protocols, including LTE Cat M1, LTE, NB-IoT,
V2X, and Zigbee/Z-Wave, as well as the latest Wi-Fi and Blue-
tooth standards.

The modular approach provides the flexibility to add
more as designs evolve, making it a good end-of-line test
instrument.

To test access-points (APs) and stations (STAs), Anritsu
also has the Wireless Connectivity Test Set, the MT8862A.
This evaluates the Wi-Fi protocol and measures the Tx/Rx
characteristics of WLAN devices (IEEE 802.11 a/b/g/n/ac).

As useful as the MT8862A may be, the rise of MIMO in
Wi-Fi and now massive MIMO technologies in 5G, combined
with the move to millimeter wave (mmWave) bands at 28
GHz, 39 GHz, and higher, makes coupling over cabling unre-
alistic. Instead, over-the-air (OTA) testing is required, which
in turn requires the use of large, expensive, fully shielded
walk-in anechoic chambers to perform controlled tests.

Few companies can afford these, so it often requires that
devices under test (DUTs) be physically brought or sent to a
lab for a fully battery of tests. However, octoScope has devel-
oped another option: the octoBox personal wireless testbed
(Fig. 3).

“With the octoBox personal wireless test bed, engineers
can run an automated battery of common tests and shorten a
typical QA cycle from weeks to days,” says Leith Chinitz, octo-
Scope’s CTO. The tests include throughput, roaming, associa-
tion capacity, and adaptation to impairments such as interfer-
ence, path loss, multipath, and motion. As it’s possible for
each engineer to have a completely isolated personal testbed
at their desk, “different tests can be performed in parallel by
multiple engineers and results saved in a common database,”
says Leigh. The DUT inside the octoBox rotates on a platform
to simulate movement and ensure tests and done from every
possible angle.

5G FAVORS MODULARVS. BIG BOX

At the time of this writing, the first of the 5G NR standards
are about to be finalized by the 3GPP at a meeting in Lisbon.
While it seems to be coming fast, National Instruments has
been preparing for longer than anyone, says James Kimery,
the company’s director of marketing and RF communications,
explicitly claiming the title of leader in 5G test.

It’s generally accepted that the nascent stage of the standards
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begs a highly flexible, modular, software-based approach to
avoid having to constantly redevelop hardware. However, the
devil is in the details. Keysight and NI have taken the open-
standard PXI module approach. “While others such as Anritsu
and Rohde and Schwarz also have strong credentials, their
modular approach is ‘proprietary modular,” says Cavazos.
“Keysight has been able to put solutions together very quickly
for customers using PXI”

The use of a software-based approach, while useful, can lead
to incompatibilities, says David Hall, senior group manager
of test systems at NI. “The net result over time,” he says, “has
been a vast set of disparate software tools that do not interop-
erate throughout the software workflow of building, deploy-
ing, and maintaining a test system.” NI has addressed this with
its LabVIEW NXG and SystemLink, “which independently
tackle engineering challenges from different parts of the engi-
neer’s workflow;” says Hall.

While the high-frequency and wide-bandwidth testing

3. The octoBox personal wireless testbed allows fully OTA testing

and coupling between AP and STA, at any location. (Courtesy of

octoScope)
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required for 5G is not new to test-equipment vendors that
have been catering to military and aerospace customers, the
low-cost requirements and the rate of change of the standards
and the number of frequency bands will continue to keep
them under pressure to step up.

DATA CENTER CHALLENGES INCREASING

With data rates now reaching to 400 GbE with PAM 4 sig-
nals, and soon PAM 8, Cavazos sees both as a great chal-
lenge for test-equipment vendors supplying bit-error-rate
testers (BERTs). However, she also sees a great opportunity
for designers to increase throughput without increasing band
bandwidth. This assumes they can offset channel losses, mini-
mize signal distortion, and keep a high signal-to-noise ratio
(SNR).

To help them make accurate measurements under these
conditions, Tektronix claims that its DPO700000SX 70-GHz
real-time oscilloscope has the lowest noise in the industry. It
emulates clock recovery, receiver equalization, and filtering
required for an electrical reference receiver and signal analyzer.

Keysight and Anritsu are also in the BERT space and with
PAM 8 on the horizon, all will be eager to keep and expand
their market position.
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HALLMARKS OF A LEADER

For designers on the front lines, there are solutions from
startups that can reduce a $200,000 test system down to some-
thing that meets their specific requirements for $10. However,
as many of those we spoke to are quick to point out, it’s impor-
tant to think it through. Large companies such as NI, Key-
sight, Anritsu, and Tektronix spend a lot of time in industry
standards meetings and know what’s coming and are already
preparing for it.

Yes, says Emarievbe, look for turnkey solutions. “But do
your research to make sure you aren’t debugging their [test
vendor’s] equipment in your lab,” he adds. Sometimes lower
cost brings unwelcome surprises. If the costs prove too much
for the task at hand, consider renting or leasing from compa-
nies such as Continental Research.

Also, factor in that both good vendors and rental companies
have support teams that can help and advise on an appropri-
ate test strategy, and the equipment necessary to get it imple-
mented.

Finally, the upshot of the IoT is that a good test vendor will
be incorporating data-gathering and analysis techniques to
help accelerate “time to insight” If they aren’t doing so, ask
when they plan to start. &
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Source Today
NANCY FRIEDRICH | Director of Editorial Content

Leading the Way
to a Bright Future

In our annual Leaders coverage, we select key
industries and applications and share what
companies at the forefront are doing and what that

means to the market overall.

e live in a time when technology

is changing, improving, and revolu-

tionizing the way we live and work

every day. From how our vehicles
operate to how we communicate and order parts, the world is
quickly advancing. Tasks are becoming automated and intel-
ligent with enhanced security. In our special Leaders issues, we
spotlight key strategies, applications, and technologies across
four of our core brands and look at the current landscape. We
also pinpoint which companies are leading the charge into the
future.

In Electronic Design, for example, we examine leading appli-
cations and technology solutions for wide-bandgap power—
specifically, gallium nitride and silicon carbide. We also delve
into the security issues around embedded devices, an issue
that is becoming more critical as more devices and systems
connect to the cloud.

When it comes to manufacturing and automation, the
Industrial Internet of Things (IIoT)/Industry 4.0 is increasing-
ly taking hold. As machine learning and artificial intelligence
are increasingly leveraged, these networks will be self-learning
and eventually largely self-managing. IoT also is discussed in
our test and measurement article together with 5G, as we look
at how those technologies are changing the test landscape.
Similarly, an article on automotive electronics examines which
automakers are furthest along on the road to the driverless
vehicle and what technologies and developments are fueling
their success.

Speaking of the electronics market, our SourceToday Distri-
bution Outlook offers insight into why distributors are bullish
about next year’s outlook. This positive attitude is quite new,
as electronics distributors have largely struggled amid gener-
ally soft market demand since the recession in 2008-09. Yet
they’re foreseeing brisk business across most markets, which
hopefully will put an end to the slump. SourceToday Distribu-

GO TO SOURCETODAY.COM

tion Outlook also covers trends and features highlights of key
interviews regarding expectations for electronics distribution
in 2018.

Our Machine Design brand also focuses on key applications
and technologies that are impacting the design universe now
and going forward. A feature on 3D printing, for example,
looks at how leaders in this area are looking to boost manufac-
turing speed. Industrial automation is, of course, a major focus
here as well, with data and analytics being used to inform
processes and other improvements. Also featured are “smart”
motion systems and adhesive improvements, which are ben-
efiting manufacturing. Even the seemingly simple fastener is
discussed, as companies profiled have simplified installation
using automated/robotic approaches, working with single-
piece fasteners, or exploring various materials.

In Microwaves ¢ RF, we cover a topic that connects with
all of our readership in both their personal and work lives:
5G communications. These much-heralded, next-generation
networks still may take different approaches, leaving milli-
meter wave's role still somewhat to be determined, as just one
example. We look at the companies on the forefront of these
network rollouts and those that must support them to track
their moves and predict who will shape the 5G landscape. The
Leaders section also takes a fun turn by exploring solid-state
cooking to see who the players are and what its real near-term
potential may be.

Stay tuned for more of this type of coverage going forward,
as we strive to keep you informed of who is leading the charge
of using new technology and solutions and how they are doing
it. Happy reading!
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Source Today
JOHN SIMPSON | Contributing Editor

Electronics Distributors
Bullish on Outlook for 2018

or the first time in years, electron-
ics distributors are confidently
predicting robust sales for the 12

Figure 1. Distributor Sales % Change to Previous Year

14%
months ahead. Credit brisk busi- ..,
ness across most market segments in the first i
three quarters of 2017 for their upbeat out-
look. i
North American distributor sales figures Cia
published in November by the Electronic e
Components Industry Association (ECIA) 2%
document solid growth for the third quarter 0% - : - r - . :
of calendar year 2017, reaching their highest ~ _pq -:. .
dollar value since the association began col- ok : : : : : : :
lecting the data in Q1 2015. Sales increased e = R B S e
2% quarter on quarter and 12% compared to Courtesy of ECIA

a year ago (Fig. 1). Book-to-bill was a strong
1.29, making for four positive book-to-bill
quarters out of the last five. Through the first
three quarters of 2017, distributor sales are up
9% compared to year-earlier totals.

(Continued on page ST 6)

NON-TRADITIONAL COMPANIES VIE FOR A PIECE OF

THE CATALOG BUSINESS
—A Question for Chris Beeson, Executive Vice President,
Sales and Supplier Management, Digi-Key Corporation

What challenges do you see for your company on the
horizon?

“I think the ecosystem is getting more demanding. There
are a lot of creative people out there, and the barrier to entry
to get into this business is so much less than what it used to be.
You wake up every day and you have to be curious about, what
should my model look like tomorrow? Is my content enough?
How do I fit into the ecosystem?

“We have some very good competitors—and there are some
non-traditional companies that are now trying to enter into a
space that has [traditionally been occupied by] Digi-Key. We
hope that’s done in a means that is healthy and productive at
the customer level. We're now seeing a lot more ‘spend $200,
get 50-dollar coupons; free shipping. Many companies are

ST4

According to ECIA, sales increased 2% quarter on quarter and 12% compared
to a year ago.

coming in and they think it’s best-price-wins. And it’s really
greater than that.

“For a lot of people who want to enter the space—with a
web and digital orientation—it may look relatively easy from
the outside. But when you get into it, you see the magnitude
of details involved. We jokingly call it a thousand little things
done right every day—a thousand is a big number—and it’s
not quite that easy. It’s a different business model, a different
P&L orientation than what a lot
of traditional distributors have.
And so that’s really a change for
them to try to enter the space”

2018 DISTRIBUTION OUTLOOK
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“The difference this year is that strength has continued all
throughout the year,” says Faris Aruri, vice president of sup-
plier marketing at Sager Electronics. “The last three or four
years, by this time, we were giving up a lot of the gains that we
got earlier in the year. Just based on this momentum that we
have in September and October, were going to put up a similar
or even higher number for 2018”

It wasn’t always this way. Electronics distributors have
struggled amid generally soft market demand for much of the
period since the 2008-09 recession. Component manufactur-
ers have responded to the conditions with consolidation and
capacity cuts to help calibrate supply with demand. Still, in
the relatively flat market of the past five years, customers have
had the negotiating leverage afforded by relatively abundant
component availability and short lead times.

“It’s been a buyer’s market for so long,” says Michael Knight,
executive vice president at TTI Inc. “It’s a hard mindset to get
out of—that parts are plentiful and I'm always going to be able
to get a better price”

That situation began to turn around in earnest in the sec-
ond half of 2016. Surging demand in a number of sectors,
including automotive, industrial, and consumer electronics,
has since stretched lead times and boosted prices of a number
of components, including discrete semiconductors, resistors,
and memory chips. ECIA data shows that, by the third week
of September, passives and semiconductors both had average
lead times of over 11 weeks. Discrete semiconductors and
resistors carried lead times of over 16 weeks.

According to Tobey Gonnerman, executive vice president at
Fusion Worldwide, in June and July 2017 his firm experienced
a20-fold increase in the number of resistor requests compared
to those received over similar periods during the previous

AUTOMOTIVE, AFTERMARKET ELECTRONICS AMONG

THE GROWTH DRIVERS FOR 2018
—A Question for Kevin Hess,
Vice President of Marketing, Mouser Electronics

What is the current outlook for Mouser and what do you
see as the biggest growth drivers in 2018?

“Our forecast for 2017 a year ago was to grow, we were
thinking, 10%. In fact, we're probably going to grow 21-24%
this year. So things are going well. Europe and Asia are still
outpacing the Americas; we're growing over 30% in both
regions and 14% in the Americas, which is our biggest piece of
the pie. Going into 2018, you're hearing a lot of people saying
Q1 and Q2 should be strong and then we'll start seeing a flat-
tening out. So what we're anticipating is probably a good first
half of the year.

“What will to continue to drive growth, I think, are the auto-
motive industry—all of the electronics that are now going into

ST6

year. “This is noteworthy in that there are many players in the
resistor space, plenty of manufacturers to regularly manage
the risk,” he wrote in a blog post. “When manufacturers start
calling independent distributors like Fusion for such a readily
available commodity, that means there is exceptional—and
perhaps unprecedented—demand”

Growing demand, low inventories, long lead times, and
higher component prices give hope for distributors that bet-
ter margins are on the horizon. With shrinking part supplies,
and reports of double-ordering, customers now increasingly
face the prospect of purchasing certain components on an
allocation-only basis. What a difference a year makes.

HIGH DEMAND IN 2018 FORECAST ACROSS MAJOR
END MARKETS

Analysts predict continuing strong demand in 2018 in most
growth markets for electronic components, including auto-
motive, the Internet of Things (IoT), and consumer elec-
tronics. According to market research company IC Insights,
demand is rising for electronic systems in new cars, particu-
larly for autonomous vehicles, vehicle-to-vehicle and vehicle-
to-infrastructure communications, on-board safety, conve-
nience, and environmental features. IC Insights forecasts that
the automotive segment will be the fastest-growing electronic
system market through 2021 (Fig. 2), with automotive inte-
grated circuit (IC) sales growing 22% in 2017 and 16% in 2018.

Market intelligence company TrendForce, meanwhile, has
reported that in 2018 major automotive chip suppliers will
begin shipping solutions that allow vehicles to achieve Level
4 “High Automation” technologies as defined by SAE Inter-
national. Key applications that automakers will incorporate
these components into include radar modules, image sensors,
(Continued on page ST 8)

cars and into aftermarket products through automotive—as
well as IoT, connected devices, wearables, etc. And it’s not
large-production-type stuff; it's smaller—thousands of pieces
instead of millions of pieces.

“For Mouser, what’s going to drive our business are new
products. Just to give an idea: this year, 28% of our sales will
be from components we introduced in the last four years. We
need to keep adding those new
products so that, three to four
years down the road, they com-
prise 30% of our sales. If we stop
bringing them out, that’s going to
negatively affect our future busi-
ness.”

2018 DISTRIBUTION OUTLOOK
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automotive processors, displays, advanced driver assistance
systems, and connected-vehicle platforms.

“I think transportation remains a great growth opportunity
for our industry;” says Karim Yasmine, vice president of sales
and marketing for Future Electronics. “It is a business that
has been traditionally known as direct-oriented, but they’re
much more open now. Those tier 2 and tier 3 transportation
and automotive companies are all interfacing with distribution
looking for design support.”

IoT will also get a boost in 2018, TrendForce says, with the
commercialization of 5G in the new year in the U.S., China,
Japan, and South Korea—as well as the emergence of the
next-generation WiFi standard, 802, which will help with the
bandwidth burden that more connected devices will bring.

TrendForce predicts the global population of 5G subscrib-
ers will approach 500 million by the end of 2022; IHS Markit
forecasts that the number of connected IoT devices worldwide
will grow at a compound annual growth rate of 12%, from 27
billion in 2017 to 125 billion in 2030.

“It seems that at least in 2017 the dynamics of growth across
the board are unbroken,” says Georg Steinberger, chairman of
the European Semiconductor Distribution Market, which like
the U.S. Semiconductor Industry Association reported record
quarterly sales during the year. “Newer designs in fields like
IoT or e-mobility will see higher components content, so the
future looks rather positive from a sales and volume perspec-
tive” (Continued on page ST 10)

Figure 2. Worldwide Electronic System CAGRs ($, 2016-2021F)
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IC Insights forecasts that the automotive segment will be the fastest-growing electronic system market through 2021.

THE CHANGING SKILLS REQUIRED OF DISTRIBUTION

PROFESSIONALS
—A Question for Karim Yasmine,
Vice President, Sales & Marketing, Future Electronics

What kinds of knowledge, skills, and abilities are you
looking for in new hires?

“In terms of skill sets, I think you need to aim for a balance.
There is no doubt that you want to hire the millennial coun-
terpart to the customer. So that means hiring young, dynamic,
hungry people from outside the business who don’t have all
these ideas of what can’t work in our industry. But at the same
time, we continue to look for seasoned professionals who
understand how things work—they’re the best people to train
these new people.

“So we're not in this ‘uni-model’ of scouting for only young-
er people who are going to be the answer to the changes in the
industry. Because the reality is that there are still very strong
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purchasing and engineering communities that are looking for
seasoned veterans who have seen many cycles and many situa-
tions—and there’s good value in those people as well.

“Increasingly, though, I think the desired profile involves
someone who is hungry and also has technical knowledge. I
think in the past our industry didn’t emphasize the techni-
cal side as much when it came to sales. Certainly FAEs had
to have that [technical aptitude].
Now, what I think we're interested
in on the sales side are people who
are passionate about technology
and are savvy enough to be able to
introduce new products and solu-
tions to our customers.”

2018 DISTRIBUTION OUTLOOK
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Mobile phone sales, meanwhile, are expected to return to
year-over-year growth in 2018, with Gartner Inc. forecasting
shipments totaling 1.9 billion units. Smartphones will repre-
sent 86% of total mobile phone shipments in 2018, up 6% from
2017, and Gartner expects Apple’s iPhone X to be the sales
driver in North America, China, and Western Europe despite
its high price.

“Given the late November availability of the iPhone X, we
expect the iPhone’s replacement cycle to flow more strongly
into 2018,” says Roberta Cozza, research director at Gartner.

GLOBAL RISK INDEXES EASING

“It’s interesting to see the diversity of industries that are
doing well. We're encouraged from that perspective, and
there’s no indication that that’s slowing down,” notes Chris
Beeson, executive vice president, supplier management and
supply chain at Digi-Key. “A lot of us, going into the year,
weren't anticipating this robust of a year,” he adds.

Indeed, past performance is not necessarily the best pre-
dictor of the future, and a number of unknowns lurk in the
political and economic arenas. In the short term, U.S. poli-
cymakers will grapple with tax reform, (likely) infrastructure
legislation, and the confirmation of a new Federal Reserve
chairman, Jerome Powell. Over the longer term, negotiations
over NAFTA and Brexit loom as additional factors that could
impact electronics component markets.

Assessing the effect of the current political and econom-
ic environment on global supply chains, Dun & Bradstreet
(D&B) in mid-November reported that its Chartered Insti-
tute of Procurement and Supply (CIPS) Risk Index fell (i.e.,
improved) for the third consecutive quarter. However, the
firm notes that despite recent improvement in the risk envi-

HOW TECHNOLOGY IS TRANSFORMING THE DISTRI-

BUTION INDUSTRY
—A Question for Michael Knight,
Executive Vice President, TTI Inc.

How is technology impacting electronics distributors—
and is there a seismic shift under way?

“It’s not a cataclysmic change—it’s a gradual change and I
don’t think it’s unique to our industry. Technology is changing
the way we all interact in business—and actually making it less
personal. That’s been an ongoing trend that’s been developing
for a long time.

At some point in the not-too-distant future, you're going to
see a lot more computers buying from computers. You already
have artificial intelligence out there today that can teach itself
to play Go—which is infinitely more complicated than chess—
and defeat a [human] grandmaster. So a computer buying
from another computer seems ridiculously simple in context.
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ronment, the Q3 score is only slightly below the index’s all-
time high, recorded in Q4 2016 (see country-risk heatmap in
Fig. 3).

The largest drop in risk was in Western and Central Europe,
where a series of stabilizing political outcomes helped to
reduce the region’s contribution to global risk in Q3, according
to D&B. The formation of a government in Macedonia fol-
lowing months of political deadlock and the abandonment of
street protests by the opposition Democratic Party in Albania
helped to stabilize the region and reduce risk.

In addition, the European Union’s free trade agreement
(FTA) with Canada came into force in September, eliminating
many taxes and duties on goods traded between the EU and
Canada. The EU also appeared to make progress in talks with
Japan and Indonesia about FTAs in the future, D&B said.

However, political risk around the world could spill over
into the economy and impact supply chains, D&B cautioned.
This risk stems particularly from the U.S., where the lack of
clarity from the Trump administration around trade—and
threats to pull out of a major trade deal with South Korea—
could impact Asia. Similarly, the renegotiation of the NAFTA
trade agreement among the U.S., Mexico, and Canada could
affect the stability of the North American region in the coming
months, the business credit-reporting firm said.

“The outcomes of various ongoing negotiations, such as
Brexit and NAFTA, could change the face of global trade and
cause significant disruption to supply chains in the future,
notes CIPS Economist John Glen. “This could cause delays,
increase costs, or reduce the quality of supplies businesses
have access to, so it is now more important than ever for busi-
nesses to have robust contingency plans in place”

(Continued on page ST 12)

And I think there’s much more of a business case to spend
money developing that than spending it to develop something
that wins at Go.

“The primary purpose of the supply chain is to make sure
your line doesn’t go down—in the face of uncertain demand
from your end customer, uncertain supply from component
manufacturers, etc. So you want to make sure you have con-
tinuity of supply so you can build
on time and ship on time. Today
there are a lot of people involved
in that. People are expense—and
there is an ongoing push to take
cost out. I think you're going to see
more people being taken out of the
equation—sales people, planning
people, purchasing people.”

2018 DISTRIBUTION OUTLOOK
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Figure 3. CIPS Country Risk Heatmap, Q3 2017
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As the map above illustrates, the Q3 score is only slightly below the CIPS Risk Index’s all-time high, recorded in Q4 2016.

ECONOMIC FORECASTS, LEADING INDICATORS PRE-
DICT STRENGTH

In its October World Economic Outlook, the International
Monetary Fund (IMF) reported that the worldwide upswing in
economic activity is strengthening, projecting global growth
to rise to 3.6% in 2017 and 3.7% in 2018. “Broad-based upward
revisions in the euro area, Japan, emerging Asia, emerging
Europe, and Russia more than offset downward revisions for
the United States and the United Kingdom,” the IMF says.
But the recovery is not complete, IMF adds, noting that while
the baseline outlook is strengthening, growth remains weak
in many countries and inflation is below target levels in most
advanced economies.

The Conference Board—which counts among its member-
ship approximately 1,200 public and private corporations and
other organizations across 60 countries—largely agreed with
IMF in its mid-November outlook. The organization said that
global GDP growth, which it predicted would grow at 2.8% a
year ago, is likely to reach 3% for 2017 and carry on at that rate
through 2018.

“Global growth has finally left the starting gate since the
global economic and financial crisis,” says Chief Economist
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Bart van Ark.

The Conference Board said 2017’s growth uptick reflects
a combination of “unique” events, including the stabilization
of energy and commodities prices, improved business confi-
dence based on hopes for fiscal stimulus and tax reforms by
the U.S. administration, a cyclical recovery in Europe, and
China’s policy-driven growth stimulus. “These events are
unlikely to provide sustained growth going forward,” the Con-
ference Board adds, however.

In the manufacturing sphere, purchasing managers index
(PMI) data for October show that companies are operating
amid the best global business conditions in six-and-a-half
years, says Chris Williamson, chief business economist at THS
Markit. The JPMorgan Manufacturing PMI edged up to 53.5
in October, its highest level since April 2011 (Fig. 4).

While the current upturn remains weaker than the expan-
sion of 2009-11, the broad-based nature of the expansion
is “encouraging” in terms of its sustainability, Williamson
said. Only three of the 29 countries covered by IHS Markit’s
manufacturing PMI surveys reported deteriorating business
conditions.

(Continued on page ST 14)
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Figure 4. PMI Is at its Highest Level in Over Six Years
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Purchasing managers index (PMl) data for October shows that companies are
operating amid the best global business conditions in six-and-a-half years.

As for U.S. industrial production, the Institute for Supply
Management’s (ISM’s) Production Index registered 61% in
October which, although a decrease of 1.2 percentage points
from September, nonetheless indicates the 14th consecu-
tive month of growth. “Production expansion continues at a
strong pace in spite of supply chain difficulties, including the
reduction of inventory levels seen during the period,” Timothy
Fiore, chair of ISM’s Manufacturing Business Survey Commit-

MEETING CUSTOMERS’ NEED FOR A SEAMLESS DIGI-

TAL EXPERIENCE
—A Question for Dan Stewart,
Vice President of Marketing, Allied Electronics

How are customers’ interactions with distributors chang-
ing with respect to how they research part availability, pric-
es, etc.?

“If you talk to the engineer—regardless of whether they are
board level, automation control, etc.—what he or she wants
is access to good information, the ability to find parts easily,
and a seamless experience with the distributors that they work
with. And really what that boils down to is their digital experi-
ence.

“It’s gone from the perspective of having a salesperson who
can help you out with whatever you need to ‘T want to be able
to do things for myself’ So what we've got to figure out is how
to create a simple but effective online experience, particu-
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“Everybody who makes anything electronic is
trying to figure out how to connect to the cloud,
how to collect data off it, and how to use the data,”
Knight says. “All that connected stuff is going to
replace all of the currently unconnected stuff””

Moreover, new battery technology will allow
customers to “cut the cord,” creating incentive for them to
replace corded products with cordless versions, he adds.

“They’re going to be faster, smarter, smaller, and more ener-
gy efficient,” Knight says. “It’s going to take a long time to flush
all the old things out and replace them with new ones—but it’s
going to happen” m

larly for our engineers. That sounds relatively easy. But when
you put it into practice and look at things like being able to
receive back-order information from our suppliers all the way
through to us and to our customers, it’s a really demanding
thing to achieve.

“So we've invested quite a lot into our search capabilities
to allow us to use algorithms to much better connect our
engineers with the parts that they’re
looking for based on that comput-
er-generated intelligence. It’s really
about how we seamlessly commu-
nicate with our customers in a very
integral fashion, which I think is
just as big of a challenge for us as it
is for everyone else.”

2018 DISTRIBUTION OUTLOOK
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Behind the Scenes:
Electronic Distributors

Through a survey of our audience, we learned what they are buying, what concerns
them most about their business or the world at large, and what their current goals are.

t’s no secret that electronics dis-

tributors have been suffering

more downs or flat periods than

ups for roughly the past decade.
While the electronics distribution mar-
ket looks like it will be stabilizing and
even more profitable in the near future,
the rapid pace of technology changes
and the global economy are certainly
going to impact the business. To gauge
how our electronics-distribution audi-
ence feels and thinks about various
points, we did a survey earlier this year
covering a number of topics. There were
almost 900 respondents, the bulk of
whom identified themselves as work-
ing in engineering while about a sixth
labeled themselves as procurement pro-
fessionals. Roughly 100 executive managers weighed in with
their opinions as well. They answered questions covering
everything from cost concerns to regulations, compliance, and
worrying trends to plans for technology investment.

To provide some background about who those respondents
are, we asked them to identify what they or their company
buys through distribution. Allowing multiple categories to be
chosen, we learned that the majority purchase semiconduc-
tors and connectors and interconnects, at 85% each, while
82% selected passive components. Electromechanical devices
totaled 76% while development boards totaled 60%. So what
did they tell us?

COST CONCERNS CONTINUE TO REIGN

Given the rise of automation via sensors, networking, and
the resulting Internet of Things (IoT), many respondents
noted that their customers are looking to integrate technol-
ogy solutions. They also are exploring new supplier relation-
ships with the goal of lowering cost. In fact, of a 100% mean
total, 32% said that removing costs from the supply chain was
their uppermost goal for 2017. That priority came in even
above the integration of new technologies, which 21% said was

ST 16

most critical. Right below that, 20% chose “explore procure-

ment relationships with new suppliers and distributors and/or
‘maker’ companies” as their top goal. The last priorities were
“increase transparency and collaboration with supply-chain
partners” (15%) and “expand into new geographies” (12%).

DIGITAL ROADMAP

Obviously, technology innovations have greatly impacted
the distribution business in recent years. As a result, we wanted
to ask our respondents to estimate the general level of digital
maturity achieved by a number of specific nodes in the com-
pany’s supply chain: distributors; component and equipment
suppliers; their own company; OEMs in their industry; con-
tract manufacturers/EMS providers; and logistics providers.
We defined digital maturity as “the extent to which companies
and organizations have successfully and seamlessly integrated
the information flow across their supply-chain nodes via
investments in digital technologies” The response choices
were kept simple: just starting, on the path, or more mature.
For each node, close to 50% were marked as “on the path.”

Specifically, component and equipment suppliers came in
at the top with 52% being labeled (Continued on page ST 18)

2018 DISTRIBUTION OUTLOOK



POWER

Empowering Supply Chain

Put our proven industry expertise and our strategic partnerships to work
for you. Our Certified Global Network of MFGs, OEMs and Authorized
Distributors allows us to deliver traceable quality product that is not readily
available to the Open Market. NewPower Worldwide is a global leader
servicing production and repair needs of the world’'s OEMs and EMS

providers, a unique position in this demanding marketplace.

e CPUs ® Excess and Surplus

e GPUs ® Consignment

® Semiconductors - Active & Passive ® Revenue Share

* Chipsets * Entire Lot Purchases

* Memory * Last Time Buy

e Storage HDD-SSD * Global Strategic Hubbing

e Computer Products and Peripherals ® Real-Time Inventory Management

® Shortages / Obsolete / Hard to Find / EOL (End of life)
e Positive PPV / Cost Saving Opportunities
e BOM Evaluations / AVL Alternative Solutions -

® Market Analysis by Commodity and Vertical I1SO 9001:2015
Registered

QUALITY
MANAGEMENT


http://www.newpowerww.com
mailto:info@newpowerww.com

Source Today

(Continued from page ST 16)

as on the path and 24% each identified as “more mature” and
“just starting” Distributors came next with 51% being labeled
as on the path and 25% identified as more mature, leaving only
24% at “just starting”” Interestingly, respondents saw their own
companies as lagging behind progress, with 44% on the path
and 34% just starting. The remaining three nodes—OEMs in
their industry, contract manufacturers/EMS providers, and
logistics providers—all were estimated to be 45% to 46% on
the path. We next asked about the adoption of digital technol-
ogy. When it came to the pervasive use of smarter analytics
and technologies including cloud computing, artificial intel-
ligence, and advanced data analytics, 11% confirmed adoption
of at least some of those technologies. Adoption was being
planned by 16% and considered by 32% of respondents. Sur-
prisingly, 41% cited no plans to adopt.
We next asked about the ability to sense real-time demand at
a granular product category level and ability to communicate
changes electronically with both distributors and supply-chain
partners. While 13% had already adopted this technology,
another 16% were planning on doing so. Those consider-
ing adoption totaled 32% while quite a large number—39%—
declared that they had no plans to adopt such technology.
Our final category in this section was agile, demand-driven
supply chains that can quickly pivot to meet changing needs.
Here, 17% had adopted solutions while 16% were planning to
do so. Those considering adoption numbered 34%. An almost
equal percentage—33%—had no plans to adopt. When we
zeroed in on specific landscape-changing technologies like
3D printing and cloud implementations, however, we found
quite a lot of interest in their adoption and implementation.
To improve procurement and supply-chain operations and
processes, the respondent’s employers had already invested as
follows: 30% in 3D printing, 25% in cloud-based services, 19%
in both data analytics and IoT technologies, 12% in artificial
intelligence/predictive analytics, and 4% in blockchain.
Overall, “plans to invest” revealed the following: 15% for 3D
printing, 13% for cloud-based services and data analytics, 11%
for IoT technologies, 13% for artificial intelligence/predictive
analytics, and 6% for blockchain. We found that the executive-
management respondents were more impressed with cloud
and Al/predictive analytics and more apt to invest accordingly.
Although all of these areas are dynamic, we are quite inter-
ested in blockchain as a new form of currency and watch-
ing the role it will have in distribution and beyond. Possibly
because it is still very new and many hadn’t heard of it, howev-
er, it ranked lowest when we asked what impact it would have
on business—a 41% total for responses of major and modest
combined. 3D printing, in contrast, totaled 68% and cloud-
based services got 67%, predicting their impact. IoT technolo-
gies was next at 61% citing major and moderate impact while
data analytics (59%) and artificial intelligence/predictive ana-
lytics (57%) followed.
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THE INTERNET OF THINGS

In the survey, we defined IoT as: interconnecting various
sensors and computing devices embedded in consumer or
industrial objects via the Internet, enabling them to send and
receive data. The precise question we posed was: “Is your com-
pany developing any IoT applications, subsystems, or solu-
tions?” While 43% of our total respondents answered “yes,”
37% said “no” and 19% were unsure.

For those who answered “yes,” we next asked which end-
application markets their company targets for its IoT applica-
tions, subsystems, or solutions. They reported the following:
53% industrial, 33% infrastructure and smart buildings, 29%
automobiles and transportation, 26% security, and 21% smart
buildings. For those at companies developing IoT apps/solu-
tions, we asked which components or enabling technologies
they were interested in obtaining from their distributors. They
responded that they were most interested in development
boards (43%) followed by kitting (37%), custom reference
designs (29%), and systems integration (28%).

KNOW THE RISKS

Finally, we asked our survey respondents to rank various
issues in terms of their importance as risks for their sup-
ply-chain and procurement operations. Unsurprisingly, the
three marked highest were component counterfeiting, regu-
latory compliance, and data security. At the top slot, 42% of
respondents said they were very interested in issues surround-
ing counterfeit parts while 30% were somewhat interested.
The audience marked high interest in both environmental
(ROHS3, REACH, etc.) and import/export compliance by
30% and 29%, respectively. Those who are very interested
in the issue of conflict minerals totaled 17% while 27% were
somewhat interested.

For EOL/part-obsolescence management, 29% were
very interested with 39% somewhat interested. The last two
issues we asked about were “M&A activity threatening sup-
ply options and sourcing” and “China’s investment in semi-
conductor design and production.” Although those are very
timely, “hot” issues, the survey respondents didn’t seem to feel
they were going to have a lot of impact on their companies day
to day this year. Only 11% were very interested in either issue,
with 31% or 32% being somewhat interested.

The survey shows that the electronics-distribution business
continues to be increasingly dynamic. While business is grow-
ing stronger and projections are good, it’s key that electronics
distributors adopt the technology, automation, and intelli-
gence that their customers will not just expect, but eventually
require. Smart cloud-based systems and the IoT are quickly
taking the place of old-fashioned customer service—a trend
that shows no signs of slowing down.
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Customize your workspace with personalization
features that will save you time:

Customized Parts Library — build and organize parts into an
easy-to-manage library
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Part/Product Alerts — keep up-to-date on product availability

Search “Authorized Only” Distributors — your reliable source for
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If streamlining your workflow and increasing
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SourceESB.com

The most trusted electronics parts search engine that serves the engineer from design to purchase.
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AHEAD OF WHAT’S POSSIBLE™
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30nVp-p: 0.1Hz
TO 10Hz NOISE
> Ultralow Voltage Noise A N EW
» 30nVp-p: 0.1Hz to 10Hz

+ 1.2nV/vVHz (Typ): 1kHz
» 50uV Offset Voltage (Max)

» 0.5pV/°C Offset Voltage
Drift (Max)

» 124dB CMRR (Min)

» 15MHz Gain-Bandwidth
Product
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LOW NOISE PARTS

LTC6655 0.25ppm Noise Voltage

Reference
LT1028 0.85nV/vHz Op Amp 3 0 nv
with Filter
L 32-bit 10ksps ADC,
AD7177-2 157dB DR
1ppm, 20-bit, +1LSB INL,
AD5791 Vour DAC

18-bit Dual lgyt
el SoftSpan DAC

FEATURED DESIGN NOTE

Low Noise Precision Op Amp Drives High
Resolution SAR ADCs

www.linear.com/DN1039
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