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2015 COMPENSATION
SURVEY: I'T’S NOT ALL
ABOUT THE MONEY

http://electronicdesign.com/salarysurvey

According to the nearly 3,000 electrical engineers that partic-
ipated in Electronic Design’s 2015 Compensation Survey, the
engineering profession is in a period of transition. On the one
hand, companies are still in the process of recovering from

the economic recession and risk-averse corporate culture. On
the other hand, the Internet of Things (IoT) is slowly maturing
into a reality for technology companies, igniting demand—and
competition—for engineering expertise.

IMAGE GALLERY:
RECAPPING MAKER FAIRE 2015

http://electronicdesign.com/iot/latest-3d-printing-and-iot-
maker-faire-2015

The 6th World Maker Faire at the New York Hall of
Science brought together an estimated 100,000 DIY
enthusiasts, makers, inventors, artists, and technologists.
Along with a raft of fun projects, the event saw some real
advances in technology application, including the unveiling
of the first mobile 3D smartphone printer, floating wireless
lightbulbs, increasingly dramatic drone wars and races, and
cloud-based home-security projects.

plogs

LOUIS FRENZEL

* Will Noise and Interference

COMMUNICATIONS | Throttle the Internet of Things?
BILL WONG | * On the Matter of Volkswagen,
EMBEDDED/ | and Cheating Benchmarks
SYSTEMS/SOFTWARE
PATRICK MANNION | * True Big Data on Display
TEST & MEASUREMENT | at ITC 2015

ELECTRONIC
COMPONENT TESTING:
A NON-CONTACT SPORT

http://electronicdesign.com/test-measurement/electronic-
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Electronics don’t like it hot. That’s why electronic systems
designers are looking for ways to keep their components cool
in ever-smaller devices. As chips shrink and densities within
components grow, heat can become a real problem—not only
for devices used in civilian life, but in the military as well. In
the latter case, the problem expands beyond inconvenience to
one of safety.

Q&A:
SIZING UP SILVER-NANOWIRE
TECHNOLOGY

http://electronicdesign.com/displays/qa-cambrios-
lemoncheck-talks-about-silver-nanowire-technology

Cambrios CEO John LeMoncheck and Electronic Design
Technology Editor Bill Wong discuss silver nanowire
technology’s rise in popularity, as well as the challenges
facing the display and sensor industry.
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Truevolt DMMs for your
next generation of insights.

As the industry leader in bench digital multimeters (DMMs), Keysight

delivers more than numbers. We empower insights. Now we're raising
the standard again with two new Keysight Truevolt DMMs, the 6% 5
digit 34465A and 7% digit 34470A. Both models build on Truevolt’s e S S———
graphical capabilities such as trend and histogram charts offering v

Readings

more insights quickly. They provide a data logging mode for easier
trend analysis and a digitizing mode for capturing transients. Also,
both offer auto calibration that allows you to maintain measurement
accuracy throughout your workday. Our new 7% digit DMM offers
greater resolution and accuracy for your most challenging devices.

Man- 0.503 52 Average - 0,001 942 Maxe 050492

S 107204 St 035880 Seier1 67
Truevolt DMMs 34461A 34465A NEW 34470A NEW

Resolution 61 digits 61 digits 7 digits Histogram

DCV accuracy 35ppm 30 ppm 16 ppm

Linearity 2 ppm 1 ppm 0.5 ppm

Reading speed Tk/s 5k/s(opt 50k/s)  5k/s(opt 50 k/s)

BenchVue software enabled Control your DMM with other Keysight
instruments via a PC or mobile device

View DMM test challenge application briefs and videos.
www.keysight.com/find/TruevoltUS

KEYSIGHT

Buy from an Authorized Distributor: TECHNOLOGIES
@microlease Q) ’ TESTEQUITY Unlocking Measurement Insights
elementiu

Agilent’s Electronic Measurement Group is now Keysight Technologies.
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 Monolithic Dual (LSK489-Lower
Noise Replacement than U401)

= Single JFET (LSK189-Lower
Capacitance than 2SK170)

= ROHS compliant packages
(Dual T0-71, SOIC-8, SOT23-6),
(Single T0-92, S0T23)

« Significantly Lower Gate-Drain
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Intermodulation Distortion
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Volume Production

* Parts Samples and Detailed Data
Sheets Available
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The new champions
from Rohde & Schwarz.

For decades, RF professionals have trusted power measurement solutions from
Rohde & Schwarz. With their unrivaled speed and fidelity, the Rohde & Schwarz
USB and LAN capable power sensors are the market leaders.

More to explore;
www.rohde-schwarz.com/ad/powersensors
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Redefining Automated Test

with open software and modular hardware
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How we interact with devices is changing. As the world becomes more software
oriented, what we can accomplish increases exponentially. This shift should
apply to our test equipment, too. Unlike traditional instruments with predefined
functionality, the NI automated test platform provides the latest technologies

to build complex systems while reducing development time and cost.

>> Accelerate your productivity at ni.com/automated-test-platform

800 891 8841

Through an intuitive LabVIEW
graphical programming

approach, NI LabVIEW

reduces test development

time and provides a single

environment that simplifies

hardware integration and

reduces execution time.
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A Special Section to PENTON'S DESIGN ENGINEERING & SOURCING GROUP

PETER REESE /Contributing Editor

Mercury Defense Systems, a business unit of Mercury Systems Inc.,
10855 Business Center, Cypress, CA 90630;

(714) 898-8200, www.mrcy.com/defense

MEETING
FUTURE

CHALLENGES
with Solutions

Through the use of an open-systems architecture and

industry cooperation, it will be possible to develop
cost-effective EW systems for use in ever more complex
EM operating environments.

LECTRONIC WARFARE (EW) is undergoing what is
E arguably its most broad-based, innovative, and pervasive

transformation since the Cold War. Not only is EW
regaining the first-tier role it had more than 25 years ago, but
it is also joining forces with cyberspace. It is leading the charge
to the use of open-system architectures, and is one of the
core ingredients in the Pentagon’s mission to ensure that the
United States maintains the long-held “spectrum dominance”
that it is in jeopardy of losing. To understand the significance
of this paradigm shift, it is important to delve into each of
these changes.

The first use of “electronic attack” probably occurred when
telegraph wires through which the Federal Army commu-
nicated were cut (possibly dispatching the telegrapher in the
process). The advent of radio communications and then radar
brought EW into the RF domain, which led to a continuing
stream of innovations during World War I, World War I, the
Korean War, the Vietnam War, and various other conflicts. By
the end of the Cold War, EW had become an indispensible
military tool.

With the fall of the Soviet Union, the U.S. and allied pow-

(continued on p. S18)

GO TO MWRF.COM/DEFENSEELECTRONICS

Surveillance Markets
Expand p/S10

Tracking EW/ECM
Technologies p/S14

Portable Radios
Evolve p/S16
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HERMETIC
CONNECTOR

Seals Portable
Memory Devices

N SUPPORT of Datakey portable memory devices from
I ATEK Access Technologies (www.atekaccess.com),
Sigma Space Corp. (www.sigmaspace.com) has developed
a solid-state-recording-device (SSRD) hermetic memory
connector. The con-
nector employs a
Datakey receptable
mounted inside a
MIL-SPEC circular
metal shell. When
combined with the

appropriate portable

memory device, the connector forms a removable memory
component that can withstand the high shock and vibration
found in military vehicles and airborne environments.

Roman Machan, Chief Technology Officer (CTO) at
Sigma Space Corp., explained that “Sigma Space needed a
military connector that was protected from the elements and
could function under the shock, vibration, electromagnetic
interference (EMI), and low-pressure environments found
in airborne platforms at 60,000 ft” He added that “ATEK was
instrumental in allowing us to develop a removable memory
solution that meets the extreme demands of high-altitude
airborne instruments”

The firm’s RUGGEDrive memory token is physically con-
strained within the sealed connector enclosure for protection.
The connector is designed specifically for RUGGEDrive and
serial memory tokens and provides protection, even in high-
vibration environments. Sigma Space will use the SSRD con-
nector and the Datakey RUGGEDrive memory token for the
logging of instrumentation data onboard NASA high-altitude
research aircraft. B

(continued on p. 6)
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unsurpassed performance and reliability

in aerospace and defense applications.
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highly integrated solutions and decades
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) More Surveillance Means

URVEILLANCE MARKETS would

appear to be growing steadily (see

p- s10), even as stories leak out
about the U.S. Air Force’s insect-sized
drones with spying capabilities. What
these and other unmanned aerial vehi-
cles (UAVs) provide are full capabilities
to perform surveillance around the
world—and even on any domestic tar-
gets, as required. Of course, what may
not be quite so obvious about these
expanding surveillance capabilities is
the accompanying need to process the
data from all those subjects, and this
could be quite a bit of data.

Both government and private users
are projecting futures where surveil-
lance is commonplace—and even a
way of life—due to the large number
of miniature drones with detection
devices for capturing audio and video
information on a person of interest.
Any activities that present security con-
cerns will undoubtedly be accompa-
nied by these little spies, thus ensuring
that a financial deal is above board, a
contract is upheld, and so forth (not to
mention what such surveillance drones
may mean to married life).

For example, DARPA wants micro
aerial vehicles (MAVs) that can hide in
plain sight and perform surveillance as
if they were insects. And the Air Force
is rumored to be working with the
University of Pennsylvania, School of
Engineering, as well as private industry,
on the design and development of its
own miniature drones.

With the ease of adding Global
Positioning System (GPS) devices to
the many portable electronic com-
munications devices currently being
sold to the general public, details about
a person’s precise whereabouts at a
certain time can be readily known and
monitored. In fact, with the public’s

More Data

growing reliance on portable com-
munications transceivers, such as cell
phones, surveillance data can be easily
gathered from cellular base stations and
other components of the wireless com-
munications infrastructure—including
in-building communications systems.
But in addition to being processed
and stored efficiently, this spy data
must be managed securely, so as to
protect whatever privacy might be left
for an individual. With regard to this
growing private-sector surveillance
market, several business opportunities
immediately present themselves: Larger
and more efficient solid-state memory
devices represent one, with software
capable of filtering and managing data
being another. The data must also be
protected from “prying eyes,” especially
in sensitive matters where legal deci-
sions and courtrooms may be involved.
As noted before, the potential
amount of data from future surveil-
lance activities is enormous. Details
concerning any event or activity cap-
tured as a result of these activities can
appear suspicious if taken out of con-
text. As a result, meaningful data from
surveillance activities will also require
additional data that establishes a con-
text for the captured information. All
this will create the need for larger, more
efficient data storage devices, faster
computers, and software written to find
meaning in all of the data captured as a
result of surveillance, whether for com-
mercial, industrial, or military reasons.
Having a need for surveillance in this
world is unfortunate. But since there is
aneed, it should be performed as hon-
estly and effectively as possible. Such a
task can be greatly aided by advances in
computers, memory, and software. B8

JACK BROWNE, Technical Contributor
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ARINC UrgentLink

Promises Disaster Coms

OCKWELL
COLLINS (www.
rockwellcollins.com)

recently demonstrated its
answer to the need for reliable
communications during
disasters and emergencies:
the Aeronautical Radio,

Inc. (ARINC) UrgentLink
network. This is a
communications network
designed to provide reliable
service to first responders
and public safety officials in
the event of an emergency
and/or when other forms of
communications have been
destroyed. The network

was unveiled at the recent
Annual Association of Public
Safety Communications
Officials (APCO) 2015 event
(www.apco2015.o0rg) in
Washington, DC.

According to Jeff Stander-
ski, senior vice president for
information management
services for Rockwell Collins,
“ARINC UrgentLink is the
first network capable of pro-
viding reliable communica-
tions coverage, even inside the
area most directly impacted
by the disaster”

The ARINC UrgentLink
network, which is available

as a subscription-based ser-
vice, uses radio frequencies
licensed by the Federal Com-
munications Commission for
disaster use. The proprietary
radios developed by Rockwell
Collins use high-frequency
(HF) signals to provide one-
touch voice and data com-
munications for emergency
service providers inside a
disaster zone. The

HF radios are not hindered
by the limitations of other
communications systems,
including ionospheric
fluctuations, sunspots, and
frequency jamming. M

FOURTH MUOS SATELLITE
Added to Secure Coms Systems

ECURE communications

by way of satellite is
now fully global, with the
delivery and launch of
the fourth Mobile User
Objective System (MUOS)
satellite for the U.S. Navy
by Lockheed Martin (www.
lockheedmartin.com).
The MUOS-4 satellite
was set to launch this
past August 31 aboard a
United Launch Alliance
Atlas V rocket. The Navy’s
mobile communications
network employs a network
of orbiting satellites and
relay ground stations to
provide beyond-line-of-
sight communications to
mobile military users. The
communications network
can provide voice, video, and

S6

high-speed data over
an Internet-Protocol (IP)
based system.

According to Iris Bom-
belyn, vice president of nar-
rowband communications at
Lockheed Martin, “Delivery
of this fourth satellite for
the U.S. Navy completes the
initial MUOS constellation
and provides near-global
coverage for the network. For
our mobile forces, that means
for the first time they will
be able to have secure, high-
fidelity voice conversations,
networked team calls, and
data exchange—including
video—with anyone around
the world connected with a
MUOS terminal”

The MUOS network sup-
ports the legacy ultra-high-

frequency (UHF)
communications satellite
system, although with about
16 times the capacity of the
legacy system. More than
55,000 currently fielded
radio terminals can be
upgraded for MUOS com-
patibility. The first three sat-
ellites in the MUOS network
were launched in 2012, 2013,
and early 2015, respectively,
with a fifth, system-spare
satellite with wideband code-
division-multiple-access
(WCDMA) technology
scheduled to launch in 2016.
The Navy’s Program
Executive Office for Space
Systems and its Communica-
tions Satellite Program Office
are responsible for adminis-
tering the MUOS program. B

KRATOS NAMES
ADELMAN President
of Microwave
Electronics Division

ONAH ADELMAN

has been appointed
the next president of the
Microwave Electronics
division of Kratos Defense
& Security Solutions, Inc.
(www.KratosDefense.com).
He will be responsible for the
firm’s U.S. and international
microwave and electronics
business, which includes
operations and manufacturing
facilities in Israel. These
facilities provide a wide
range of products, including
power amplifiers, integrated
microwave assemblies
(IMAs), beam-forming
modules, waveform and
signal generators, and other
subsystems for a wide range
of applications. These include
guided munitions, electronic
warfare (EW), radar, and
satellite communications
(satcom) systems.

Concerning this new
appointment, Eric DeMarco,
Kratos’ president and CEO,
observed: “The opportunities
that Kratos has in the micro-
wave and electronics business
are significant, and we believe
that we have the potential
for significant international
sales growth if we successfully
execute our strategy over the
next few years”

Adelman began his profes-
sional career at General
Microwave Corp., Amityville,
N.Y, as a research and devel-
opment microwave engineer.
He later moved to Israel to help
establish General Microwave
Israel, which was acquired by
Kratosin 2011. ™
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Missile Defense Agency
Eyes Raytheon
for Study

HE UNITED STATES MISSILE DEFENSE AGENCY has

expressed interest in a multiple-object kill vehicle

concept, which in turn has spurred an award to Ray-

theon Co. (www.raytheon.com) for a study contract
to learn more about developing a vehicle that can destroy
several objects within a threat complex.

The study will consider the use of advanced sensors,
communications, and attitude control technologies. The
competitive cost-plus-fixed-fee contract is valued in excess
of $9 million.

Dr. Thomas Bussing, vice president of advanced missile
systems for Raytheon, explained the reasoning behind the
work: “We fully support the Missile Defense Agency’s goal of
increasing the effectiveness and reliability of our homeland
defense by exploring a wide range of capabilities against
long-range ballistic missiles, and using proven technologies
combined with innovative designs”

The work will be performed in Tucson, Ariz., and Hunts-
ville, Ala., by Raytheon’s advanced missiles product group.
The contractor will define critical functional aspects of the
concept and propose risk mitigation activities. In addition,
Raytheon will define a proof-of-concept prototype dem-
onstration program. The estimated completion date for the
study is May 2016. ®

Cubic Works on
ACTS for F-35
Joint Strike Fighter

UBIC GLOBAL DEFENSE, part of Cubic Corp. (www.
c cubic.com), has been awarded a series of contracts from

Lockheed Martin Aeronautics (www.lockheedmartin.
com) to produce and enhance the Air Combat Training Sys-
tem (ACTYS) in the F-35 Joint Strike Fighter (JSF).

The enhancements will enable the F-35 to maintain stealth
cover even during training. The P5 Combat Training System
(P5CTY) ensures the stealth characteristics and provides
secure, real-time, and post-mission training for air-to-air,
air-to-ground and surface-to-air combat missions. The JSF P5
is an encrypted training system that is interoperable with the
P5CTS/Tactical Combat Training System (TCTS) used by the
U.S. Air Force, Air National Guard, Navy, and Marine Corps,
plus many international partners.

“We are very proud to continue to team with Lockheed
Martin to support the fifth generation community,” said Bill
Toti, president of Cubic Global Defense. “This latest award
demonstrates Cubic’s long history of delivering air combat
training solutions to air forces across the globe, and assures
the F-35 community an integrated and comprehensive secure
training environment including previous generations and
other F-35 aircraft”

As the prime contractor, Cubic is responsible for perfor-
mance in all areas of systems engineering and for development,
integration, and installation of the ground instrumentation
subsystem. Engineering work for the training systems will be
performed in San Diego and Fort Walton Beach, Fla. B

Cree Constructs Power Module for F-35 JSF

FIRM STRONGLY associated with
Apower semiconductors, Cree
(www.cree.com), has been award-
ed a follow-on contract by the U.S. Air
Force for qualification of a high-perfor-
mance power electronic module for the
F-35 JSF. The contract, valued at $4.1
million, will
be completed in the firm’s Fayetteville,
Ark., facilities.
According to U.S. Sen. John
Boozman, the contract is a boost
for the state of Arkansas: “Cree is on
the forefront of a number of exciting

advancements, including the effort to
modernize our aircraft for the U.S. Air
Force. The company’s contributions

to an increase in high-tech domestic
manufacturing in Northwest Arkansas
help drive economic growth in our state
and create more well-paying jobs for
Arkansans”

Cree began operating in Arkansas
this past July with the acquisition of
Arkansas Power Electronics Interna-
tional (APEI). John Palmour, chief tech-
nology officer (CTO) for Cree’s power
and RF division, added that the contract

is a boost not only to defense require-
ments, but for industrial applications as
well: “We're excited to get this high-
performance module commercially
qualified through this program—not
only for Department of Defense
requirements, but also for a wide range
of industrial applications.”

The F-35 JSF is one of the first major
programs implementing the USAF’s
new “More Electric” or “All Electric”
design philosophy to employ lighter
electronic components on aircraft in
place of heavier mechanical ones. ®
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Scrutinizing Expansion of

Surveillance

Markets

Surveillance around the world is growing, accompanied by

the continued use of satellites and a rapid increase in the

number of UAVs for surveillance.

URVEILLANCE HAS long been
a key ingredient in any military
command-and-control effort.
Of course, what once involved sending
personnel behind enemy lines to col-
lect information on troop movements
and weapons placements is now almost
entirely electronically, and is largely
dependent upon advanced cameras,
sensors, and video technologies.
Surveillance is now conducted from
space (via satellites); with GPS precision
location data; and by means of robots,
such as unmanned aerial vehicles (UAV's)
that are remotely piloted and monitored.
In military endeavors, every attempt
at surveillance is usually accompanied
by some form of counter-surveillance,
so that technologies in support of
surveillance are constantly of interest to
military electronics contractors.

The MQ-1 Predator surveillance UAV has
proven to bean effective means of checking

on threats, including with a recent
deployment with troops to Latvia:

S10

Government use of surveillance
equipment is expected to extend well
beyond military forces, with U.S. agen-
cies such as the Federal Bureau of
Investigation (FBI)and Drug Enforce-
ment Administration (DEA) recruit-
ing surveillance equipment and tech-
nologies to collect data on suspects. In
addition, the activities of the Depart-
ment of Homeland Security (DHS)
increasingly involve data gathered by
means of surveillance systems. Also,
the police departments of many major
U.S. cities now employ wide area
surveillance systems as part of their law-
enforcement activities.

With this growing list of users for sur-
veillance systems and technologies added
to existing military users, many research
organizations are projecting sizable
growth in the global surveillance markets

OCTOBER/NOVEMBER 2015 DEFENSE ELECTRONICS

over the next decade. Fueled by advances
in video technology and more affordable
remote cameras and video equipment,
research organizations such as Market-
sandMarkets (www.marketsandmarkets.
com) have projected that the global secu-
rity and surveillance market will grow at
a compound annual growth rate of 5.9%
over the next several years; it is expected
to reach a global market size of more than
$8 billion by 2019.

Cuts in defense spending worldwide
have introduced some instability to mili-
tary surveillance and radar markets. But
a growing need for border surveillance,
including in the Far East and in South
America, are expected to increase the
need for radar and surveillance systems
to monitor those borders from neighbor-
ing countries. Comprehensive projec-
tions on surveillance markets, in particu-
lar video surveillance markets, are also
available from research firm Visiongain
(www.visiongain.com).

Many modern surveillance activi-
ties, including for video and audio con-
tent, rely on satellite-based systems—or
“spy satellites,” as they have come to be
known. Satellites for military surveil-
lance employ a number of different
data-gathering technologies, including
visible and near-infrared (IR) imaging,
thermal infrared imaging, and radar
sensors. Satellites have been a part of
military surveillance efforts for many
decades, including and before the time



http://www.marketsandmarkets.com
http://www.marketsandmarkets.com
http://www.visiongain.com

of the KeyHole series of surveillance and
reconnaissance satellites that use video
or electro-optical cameras to achieve
high-resolution images (in the centime-
ter range) of the ground.

Lockheed Martin (www.lockheed
martin.com) has been a major supplier
of surveillance satellites to the military.
More recently, Boeing (www.boeing.
com), perhaps better known for its GPS
satellites, has also been a major surveil-
lance satellite supplier. Many of these
surveillance satellites are launched
from Vandenberg Air Force Base (www.
vandenberg.af.mil) in California. In
additional, global satellite surveillance is
conducted by NATO members, such as
the French Helios spy satellites.

FLYING WITH CAMERAS

Manned aircraft have been used for
military surveillance since the time of
the U-2 spy plane, but military troops
are looking more to UAVs for future
surveillance applications. The Pentagon
recently reported that it was planning
to increase its use of UAVSs for surveil-
lance and other purposes by about 50%
over the next several years. The need
for drones is spurred by a request by
the U.S. Air Force to decrease its num-
ber of daily combat air- patrol missions
and have them replaced by Army- and
civilian-operated missions.

With the growing number of security
threats around the world, the number of
surveillance flights by UAVs is expected
to increase even further. The decision
to add Army- and civilian-operated
missions to the mix was triggered by
increasing military activity in such areas
as China and Russia, as well as contin-
ued activities in the Middle East. Chi-
na’s rising military power and island-
building program in the South China
Sea have increased tensions, prompting
a greater demand for U.S. surveillance in
the Far East.

ReportsnReports.com, an online
research firm, projects the military
drones market to reach $11 billion by
2011 from a level of $3 billion in 2014.

GO TO DEFENSEELECTRONICSMAG.COM

According to the study “Military Drones
Market Shares, Market Strategies, and
Market Forecasts, 2015 to 2021,” military
as well as government users will rely more
heavily on drones for surveillance in the
coming years. In support of surveillance
and other functions, these drones are

evolving with improved launches, softer
landings, better navigation, and longer
operating distances. In addition to sur-
veillance reconnaissance and control
missions, they are supporting ground
troops with three-dimensional (3D)
terrain-mapping activities. The drone

RYTAR, Inc., founded in
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and manufacturing of ultra-broadband
microwave components and test
equipment for both commercial and
military applications.

Products cover the DC to 67 GHz
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a wide range of applications including:
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aircraft offer better energy efficiency
and lower cost than manned aircraft for
similar functions, including surveillance.
The report profiles some of the major
contractors and drone suppliers, includ-
ing Boeing, Lockheed Martin, and
Northrop Grumman.

As an example of the use of unmanned
drone aircraft for surveillance missions,
the U.S. military recently deployed two
MQ-1 Predator surveillance drones
(see figure) to Latvia, along with 70 air-
men, for a training mission targeted at
improving surveillance of Russia. The

PROTECT
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U.S. has increased surveillance training
and efforts in Eastern Europe follow-
ing Russia’s annexation of Crimea, and
the country’s conflicts in the Ukraine
between nationalists and pro-Russian
separatists. This represents the first
deployment of unmanned surveillance
aircraft by the U.S. military to Latvia for a
training mission with allies.

The drones will be controlled from the
Lielvarde Air Base. Of the launch, Pen-
tagon spokesman Major James Brindle
explained, “This temporary assignment
of aircraft and personnel will test their
ability to forward deploy remote piloted
aircraft (RPA) to conduct air operations.”
He noted that “it will assure our Lat-
vian allies, NATO allies, and European
partners of our commitment to regional
security and safety”

Surveillance markets are being fueled
by increasing surveillance activities by
different U.S. government departments.
Although details about their aviation
surveillance efforts are censored from
the general public, the FBI and its Spe-
cial Surveillance Group is increasingly
using low-flying piloted planes over
American cities for video surveillance
and taps on cellular telephones. The FBI
is also working with unmanned drone
aircraft and sensitive video cameras and
monitoring equipment to perform long-
distance observations on suspects.

Also, the Drug Enforcement Adminis-
tration has enlisted the aid of manned and
unmanned aircraft in its video surveil-
lance efforts. And the U.S. Department of
Homeland Security is increasingly using
military surveillance technologies for
law-enforcement purposes.

In some cases, surveillance solutions
developed for commercial use are being
modified and adapted for military appli-
cations. One such case is the Military
Airborne Surveillance System, based on
commercial automatic dependent sur-
veillance broadcast (ADS-B) technology,
and can support military flight and sur-
veillance requirements in commercial
airspace. 88
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Tracking the Latest

EW/ECM

Technologies

Complex EW and ECM systems employ a wide range of electronic

technologies, with systems designers constantly searching for

advancements and improvements.

LECTRONIC-WARFARE (EW)

systems rely upon control of the

electromagnetic (EM) spectrum to
disable or confuse an opponent’s electron-
ic systems. These systems are installed
on most large military vehicles for use
on land, at sea, and in the air. As they’ve
grown more sophisticated through the
years, they have come to rely on analog,
digital, and RF/microwave technologies
to achieve performance levels in smaller,
lighter, units that are capable of operating
at lower power levels.

Advances in these technologies extend
from semiconductor processes through
component and circuit levels, even in
improved circuit substrate materials.
The improvements may start out small,
but they build to enhanced performance
in next-generation EW and electronic-
countermeasures (ECM) systems.

Digital RF memories (DRFMs) are
representative of the types of components
employed in EW and ECM systems.
A DRFM combines the latest analog
and digital circuit technologies—such
as wideband analog amplifiers, high-
speed field-programmable gate arrays
(FPGAs)—and analog-to-digital con-
verters (ADCs), to capture and analyze
the complex modulated signals used
by modern military systems. Captured
waveforms are stored in digital form and
often return as part of waveform libraries
for identification purposes in EW and
ECM systems.

A major, longtime contractor for EW
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and ECM systems, Raytheon Co. (www.
raytheon.com), is well versed in available

electronic technologies that can serve
these systems—both from within the
company and from companies working
with Raytheon. The firm has been the
contractor for the U.S. Navy, for example,
on the Next Generation Jammer (NGJ)

The AN/SLQ-32(V) is one of the most widely used shipboard EW
systems, with more than 450 systems produced. (Photo courtesy of

Raytheon Co.)

system, a platform which employs active
electronically scanned array (AESA)
technology common to many different
EW systems. Raytheon’s years of invest-
ing in advanced semiconductor tech-
nologies such as gallium-nitride (GaN)
power transistors and integrated circuits
(ICs) contributed a great deal to the selec-
tion of Raytheon for the NGJ by the Navy.

In terms of applying advanced tech-
nologies such as GaN semiconductors to
EW and ECM systems, Travis Slocumb,
vice president of Electronic Warfare Sys-
tems at Raytheon’s space and airborne
systems business, had this to say: “Eight
months after award of the NGJ program,

we successfully flew the integrated proto-
type system against representative threat
radars...This demonstrates the capability
and readiness of the core enabling tech-
nologies for the next generation of EW
systems, and we did it on our first flight”
Some of the subsystems incorporated in
the NGJ system, such as the high-power
AESA front end and multiple-channel
techniques signal generator, can serve
other EW and ECM systems as well,
whether on ground, in the air, or at sea.

Raytheon is also working on a low-cost
decoy airframe for the U.S. Air Force’s
Miniature Air-Launched Decoy (MALD)
program. The MALD work will leverage
advanced materials technologies to save
weight without sacrificing strength, as
well as robotics techniques to provide
automatic functionality.

The firm has produced one of the
most widely used EW systems, the AN/
SLQ-32(V) shipboard EW system (see
figure) with more than
450 systems produced.
The different AN/SLQ-
32(V) systems provide
different functions,
including early warn-
ing, threat identifica-
tion, direction-finding
(DF) capability, and
jamming capabilities
for multiple threats. The
system employs a sen-
sitive receiver with fast
response time and high-power jammer
sources and transmitters. It uses a digital
library of emitter types for rapid identifi-
cation of threat signals. Raytheon is also
well known for the Advanced Counter-
measures Electronic System (ACES), a
leading ECM system for aircraft.

Many other contractors are involved
in EW/ECM systems development
and the application of advanced tech-
nologies, including BAE Systems (www.
baesystems.com), Dynetics (www.
dynetics.com), Exelis (www.exelisinc.
com), Lockheed Martin (www.lockheed-
martin.com), Mercury Defense Systems
(www.mrcy.com), and Northrop Grum-
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man (www.northropgrumman.com).

High-power GaN amplifier modules
such as the model DM-X1K0-01 pulsed
GaN amplifier from Diamond Micro-
wave are allowing radar, EW, and ECM
system designers to re-think their block
diagrams because of the performance
possible in such small packages. This
amplifier measures just 244 x 134 x 50
mm and weighs 3 kg, but delivers 1 kW
pulsed output power at X-band frequen-
cies. It is a compact alternative to travel-
ing-wave-tube amplifiers (TWTAs) with
high power-added efficiency (PAE) of
better than 20% for a better than 1-GHz
bandwidth centered at 9.5 GHz.

Of course, older technologies such as
TWTs and TWTAs have powered EW
and ECM systems for many years, and
developers of those technologies are
not about to step aside for GaN. As an
example, dB Control (www.dbcontrol.
com) recently introduced high-power
microwave power modules (MPMs) and
TWTAs for EW and ECM applications,
including the model dB-3907 TWTA
with impressive 12-kW pulsed output
power from 9 to 10 GHz. The tradeoff
with GaN (among other things) is size,
with this TWTA measuring 18 x 28 x 36
in. in an enclosure weighing 280 Ib. But,
for EW and ECM systems (such as land-
based systems) with room for this size
amplifier, this air-cooled unit can pro-
vide reliable pulsed microwave power
with high gain and low distortion.

MODELING THREATS

Computer software simulations will
have a great deal to do with next-gen-
eration EW and ECM systems, allow-
ing system designers the opportunity
to explore the impact of such things as
environmental conditions and adver-
sary responses on the performance of a
system. Recognizing the importance of
simulation software on EW/ECM sys-
tem advancement, the Air Force recently
awarded an $84-million, five-year con-
tract to Avariant, which will enable EW
system simulations for different aircraft.

The contract is called the Virtual Inte-
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grated Electronic Warfare Simulations
(VIEWS) II and will focus on testing
and evaluation of advanced sensors for
EW and ECM systems. It also enables

capabilities. The Air Force is also fund-
ing an EW-technology-based program
called the Spectrum Warfare Assessment
Technologies (SWAT) program, which is

system developers to keep up with new  geared toward evaluating how different

and different technologies as adversar- EW technologies will perform in real-

ies develop their own EW and ECM  world environments. B
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Portable Radios

Provide Two-Way Communications

The latest portable tactical radios make use of analog and digital

technologies to provide secure, reliable communications, typically

over HF through UHF bands.

HEY MAY leverage some of the

technologies that connect com-

mercial radios, but military radi-
os must not fail—no matter how severe
the operating conditions. Tactical radios
come in many shapes and sizes, operat-
ing over many different frequency bands
and with a wide range of analog and digi-
tal modulation formats, but they largely
share design goals to fit in smaller pack-
ages with improved performance and
increased battery life.

One of the better-known portable
radios for high-frequency (HF) use is the
Falcon II AN/PRC-150(C) military radio
produced by Harris Corp’s Tactical Com-
munications division (www.harris.com).

What can your Rifleman
The Soldier:

Constantly keeps you in touch
with your entire platoon and
platoon leader. With voice and
position location information,
you'll know where everyone

is in relation to yourself.

No more guessing.

The Leader:

You get to see where all of your soldiers
are and know what they're doing in real
time with constant status updates.

?'

1O
s W B
j A= and send it fo the rest
of your platoon
through the radio.
i ' You can put a

1. The Falcon Il AN/PRC-150(C) is a portable
HF tactical military radio for voice and data

communications from 1.6 to 59.999 MHz.
(Photo courtesy of Harris Corp. Tactical
Communications)

Operating in the 1.6-t0-59.999-MHz HF
band, this rugged portable battlefield
radio (Fig. 1) provides secure omnidirec-

[ ]
o}

You can use smartphones and tablets in your
tactical network. Text and take pictures andd
video with your end-user device,

radio do for You?

Secret and Below:

Two capabilities in one radio.
You can have either a secret or
an undlassified radio,
depending on how you key it.
Leaders can use it for secret
access to higher echelons.
Squad members can use it for
non-secret communications.

Commercial Devices:

o
- 9
9
The Platoon:
If you're in an area
with obstructions, such as 7 = A soldier with a radio

mountains, you don't have

to worry about not being able
to talk to a group on the other
side of the mountain.

on the mountain. He'll

act as a bridge between
both groups, so both groups
can talk to each other.

2. The compact DMR is a portable tactical radio that provides voice and data communications

by means of the MUOS satellite system. (Photo courtesy of General Dynamics C4 Systems)
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tional voice and data communications
across long distances when line-of-sight
communications may not be available.
The radio incorporates Type-1 encryp-
tion and communications security
(COMSEC) technology for high levels of
security in the field.

The software-defined-radio (SDR) can
be functionally reconfigured by means
of software upgrades to meet changing
requirements. It supports synchronous
or asynchronous data interfaces, working
with commercial RS-232C and military
MIL-STD-188-114A data links.

The compact Falcon II AN/PRC-
150(C) tactical radio runs on a recharge-
able nickel-metal-hydride (NiMH) bat-
tery package. The radio measures 10.5
x 3.5 x 13.2 in. with battery case and
weighs 10 1b. (4.7 kg) without batter-
ies. It features single-sideband (SSB)
sensitivity of —113 dBm minimum for
a 10-dB signal-to-noise-and distortion
(SINAD) ratio.

The portable radio system offers greater
than 80-dB intermediate-frequency (IF)
rejection and greater than 80 dB image
rejection, with intermodulation distor-
tion (IMD) of better than —80 dBc for two
—30-dBm signals separated by 30 kHz or
more. Carrier suppression and undesired
sideband suppression is better than 60 dB
below the peak-envelope-power (PEP)
output level.

With its frequency-hopping technol-
ogy, the SDR can maintain secure and
reliable communications even in the pres-
ence of jamming signals. It incorporates
automatic link establishment (ALE) for
secure communications with error-free
data communications.

In a similar physical footprint, the
digital modular radio (DMR) design
developed by General Dynamics C4 Sys-
tems (www.gdc4s.com/hms) has been
built with open-architecture guidelines
to enable successful voice and data com-
munications between different branch-
es of the U.S. Armed Forces. The naval
networking DMR system is capable
of long-range communications using
mobile-user-objective-system (MUOS)
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waveforms with the military’s next-
generation, narrowband satellite-com-
munications (satcom) system.

General Dynamics’ AN/PRC-155
manpack radios were recently tested
for their compatibility with the MUOS
satcom system. The MUOS waveforms,
which enable voice and high-speed
data communications to and from the
MUOS satellites, represent one aspect
of evolving tactical radio technologies
and their designed flexibility to adapt to
changing operating conditions around
the world.

As differentiated by their AN/PRC des-
ignations, tactical radios are designed for
various applications. These include being
used as battlefield, survival, and combat
search-and-rescue (CSAR) radios.

Also from General Dynamics, for
example, the AN/PRC-154A Rifleman
radio (Fig. 2) is a handheld communi-
cations device that packs a great deal of
performance into a compact, lightweight
package. This non-cryptographic-con-
trolled-item (non-CCI) radio measures
just 7.5 x 2.5 x 1.7 in. The military radio
provides continuous transmission of posi-
tion location information (PLI) to aid in
situational awareness requirements.

In spite of its small size, the AN/PRC-
154A Rifleman radio include a GPS radio
and antenna for precise positioning infor-
mation, and can provide transmit power
levels to 5 W for a line-of-sight (LOS)
communications range to 2 km.

General Dynamics also supplies the
AN/PRC-112G CSAR radio, which pro-
vides secure two-way messaging and LOS
voice. The radio receives encrypted GPS
updates at a rate of one per second.

One of the most widely fielded tacti-
cal radios, used by NATO forces and
the U.S. Special Operations Command
(SOCOM), is the AN/PRC-148 multi-
band inter/intra team radio (MBITR).
Developed by SOCOM and Thales Com-
munications (www.thalescomminc.
com), which also supplies the AN/PRC-
154 Rifleman radio, the AN/PRC-148
is a handheld radio designed for secure
communications. It operates from 30 to
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512 MHz and provides transmit modes at
power levels 0of 0.1,0.5, 1, 3,and 5 W.

In some cases—such as with the
MOTOTRBO SL300 portable radio
from Motorola (www.motorolasolutions.

cal radios were applied to the design and
implementation of the SL300 for indus-
trial and commercial markets. Available
in 1-, 2-, and 3-W versions, the handheld
two-way radio can be specified for use at

VHF (136 to 174 MHz) or UHF (403 to
470 MHz). B

com)—many of the design elements
normally used for military-grade tacti-
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ers “took a breath,” as the all-consuming threat to which they

had devoted their energies seemed to have disappeared. As a

result, EW funding was significantly reduced for these allies.

Of course, the Gulf War in 1990 drove home the point that EW

was still essential, and this was further substantiated by the

wars in Iraq and Afghanistan; EW played a key role in defeating

Iraqi air defenses and improvised explosive devices (IEDs).

To advance its goal of maintaining spectrum dominance,
which is affected to a large extent by EW, the Pentagon recog-
nized the following:

« EW will be an increasingly essential asset for conducting
every type of conflict or war—on the ground, in the air, and
at sea (or even under it). This now includes cyber activities,
as well.

o All assets in every domain must be coordinated with infor-
mation from their sensors. This information is distributed
autonomously based on priority and many other factors to
those places where it is needed most, in more or less real time.

« To be affordable and usable on multiple platforms, EW sub-
systems must be built from the ground up based on a current
open-system architecture or architectures.

The word “cyber” initially brought to mind gaining access
to a network or database through wired connections. So, it
took some time for the defense community to understand that
the synergy between EW and cyber efforts lies in their ability
to complement each other. For example, air-defense systems,
command center, and many other vital defense-related
facilities are typically networked by a combination of wired
and wireless means.

A cyber attack on one or more points in a wired network
can disrupt the network at the “back” end long enough for
traditional RF-based electronic attacks—such as by jamming
or interference—to be employed to disable or deceive the net-
work at the “front” end. This allows kinetic attacks to be used

518

to destroy the network. In the case of wireless command and
control networks, an EW system can be used as the delivery
method for RE-based cyber attacks.

Many other such scenarios are possible, in which traditional
EM-based EW efforts will complement cyber capabilities.
Rather than competing for the same attention (funding), they
achieve the same overall goal of defeating an adversary by elec-
tronic means, but in different ways. In this way, EW and cyber
efforts can be equally considered “electronic warfare””

Success in future battle theaters will require coordinated
EW assets and efforts against an adversary wielding similar
electronic weapons. Cognitive (adaptive) capability will also
be essential in dealing with adversaries developing new and
complex threats at an unprecedented pace, thanks in part to the
global availability of advanced technology.

Such technology has historically only been available to mili-
tary users, but is now available on an open market and through
ingenious development efforts. The U.S. can no longer rely on
capturing signals, analyzing them in a laboratory, and return-
ing in six months with an algorithm to counter them. Elec-
tronic countermeasures (ECMs) must now be accomplished in
the field, and often in seconds.

No EW system, no matter how advanced, can achieve its
goals without effective, real-time management of all assets.
This especially holds true given the dense EM environments
created with radar, EW, communications, and other defense
electronics systems; these systems operate simultaneously and
requiring precise, complex scheduling of emitters.

Scheduling algorithms will prioritize these threats based on
lethality. Swarm algorithms that collectively analyze informa-
tion from sensors on various platforms, and autonomously
make such decisions, will be invaluable. These processing-

A technician completes final pre-flight checks on a U-2S “Dragon
Lady” system before an Open Mission Systems demonstration flight.
The demonstration allowed fighters from different services and gen-
erations to exchange a wide range of data, including surveillance,

reconnaissance, signal intelligence, and EW data. (Photo courtesy of

Lockheed Martin)
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CERAMIC MMIC AMPLIFIERS

LowNF from 0.5dB  HighIP3upto37dBm  Low DCourrent 65mA w242,
When failure is not an option. Our new CMA MMIC Robust performance across wide bandwidths makes them
amplifiers deliver outstanding performance in a rugged, ideal for instrumentation, or anywhere long-term reliability
nitrogen-filled, hermetic LTCC design just 0.045” high. adds bottom-line value. Go to minicircuits.com for all the
These models are so tough, they’ve qualified for use details today, and have them in your hands as soon as

under MIL environmental conditions: tomorrow!

MIL Qualifications (see website for complete list and details) Electrical Specifications (-55 to +105°C)
Gross and Fine Leak  HTOL (1700 hours+ @ +105°C) Model Freq. Gain Poyr IP3 NF DC Price $ea.
Mechanical Shock Thermal Shock CMH' (GHz) (dB) (dBm) (dBm) (dB) (V) (qty 20)
Vibration Steam Aging _ = / CMA-62+ 0016 15 19 383 5 5 495
Acceleration Solder Heat Resistance CMA-63+ 0.01-6 20 18 32 4 4.95

5

3x3x1.14mm CMA-545+ 0056 15 20 37 1 3

PIND Autoclave (and more) CMA-5043+ 005-4 18 20 33 08 5

CMA-545G1+ 04-22 32 23 36 09 5 545

CMA-162LN+ 0.7-16 23 19 30 05 4

CMA-252LN+ 1.5-25 17 18 30 1 4
ORoHS compliant

[ JMini-Circuits’

www.minicircuits.com P.O. Box 350166, Brooklyn, NY 11235-0003 (718) 934-4500 sales@minicircuits.com
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intensive systems will not only address
lethality, but when and where specific None of these EW capabilities can
types of emitters such as communica- be developed, tested, and produced in
tions and radar signals can operate, large quantities within any reasonable
and when jamming can be used

without becoming interference for approach adopted by all manufactur-

arequired system. ers. The approach will also result in a

budget without an open-system design

l‘l-l‘_,l-lunzmsuuum

Excellence in Connectivity Solutions

High performance solutions

HUBER+SUHNER's wideband vehicle antennas (380-6000 MHz)
are an essential part of today’s sophisticated RF systems used in
tactical communication and electronic countermeasure (ECM)

applications.

HUBER+SUHNER Eacon stands for a simple, flexible and fast
way to assemble MW cables and connectors in the field without
compromises to the best performance. The light and waterproof

assemblies are built for frequencies up to 18 GHz .

» aerospacedefense.hubersuhner.com

HUBER+SUHNER AG 9100 Herisau/Switzerland
HUBER+SUHNER INC. Charlotte NC 28273/USA

cost savings for the U.S. Department of
Defense (DoD), since the commonality
of subsystems will reduce the number of
single-function, single-platform systems.
Ideally, it would allow manufacturers

to create subsystems, such as integrated
microwave assemblies (IMAs), that can
be “mixed and matched” to create more
comprehensive multiple-function assem-
blies within a common form factor.

Of course, some functions will always
fall outside the electrical and mechani-
cal parameters or a common module,
but the open-systems approach should
reduce the number of these “rogue”
modules. The OpenRFM initiative from
Mercury Systems (www.mrcy.com) is
currently the only open architecture pro-
posed by industry as a standard-based
open-system approach to subsystem
design and fabrication.

The DoD has also embraced open
systems through the Army’s Modular
Open RF Architecture (MORA), the
Navy’s Hardware Open Systems Tech-
nologies (HOST), and the Air Force’s
Mission System Open Architecture
Science and Technology (MOAST)
initiative, for which a Broad Agency
Announcement (BAA) is expected
shortly. Major contactors such as
Northrop Grumman (www.northrop
grumman.com) and Lockheed Martin
(www.lockheedmartin.com) have also
been demonstrating the Open Mission
Systems (OMS) approach sponsored by
the Air Force (see figure on page S18).

Achieving the performance levels
expected for the next generation of EW
systems will be a formidable task, but
not one without precedent in terms of
importance. More advanced EW tech-
nologies will be needed to operate in an
ever-more-crowded EM environment,
and a more cost-effective open-system
approach will help to achieve challeng-
ing design goals.

There is no question that the DoD
and the defense industry will achieve
new levels of cost-effective EW system
performance through the open-system
approach—the question is when. B8
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NI AWR Design Environment

Now Playing on a Screen Near You

Microwave Office | Visual System Simulator | Analog Office | AXIEM | Analyst

V12 NI AWR Design Environment redefines the term additional speed and ease-of-use enhancements, it's never
“user productivity” for designers of MMICs, RF PCBs, been easier to streamline your design process, improve
modules, and more. With the addition of new amplifier, your end-product performance, and accelerate your time
radar, and antenna specific features, expanded third-party to market. Display NI AWR Design Environment on your
flows for EM, stability analysis, and DRC/LVS, as well as desktop today. Get started at awrcorp.com/v12.

>> Learn more at ni.com/awr

jonal Instrumer All rights re

s of National Instruments. Other produc

ade names of their respective companies.
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i e )® INSTRUMENTS'


http://awrcorp.com/v12
http://ni.com/awr

NEW PRODUCTS

D-Sub Connectors Meet IP67 Levels

HE AMPLIMITE IP67 D-subminiature connectors are designed to meet MIL-

DTL24308 requirements and achieve IP7 performance levels. The rugged con-
nectors have an environmental sealing that has been successfully tested at a sub-
merged depth of 1 m and have water and dust ingress protection to IPG7 levels.
These sealed cable connectors are
available in two product lines: se-
ries 109 standard-density connec-
tors, using size 20 contacts, and
series 90 high-density connectors,
with size 22 contacts. The connec-
tors include both grommet sealing
on the wire-entry end and a one-
piece interfacial seal on the mating
face. The connectors, which are supplied with rear-release crimp contacts, employ
AS39029 QPL contacts and can mate with standard D-subminiature connectors.
They are rated for operating temperatures from —55 to +125°C.
TE CONNECTIVITY
1050 Westlakes Dr., Berwyn, PA 19312; (800) 522-6752, (610) 893-9800,
www.te.com

Wideband Amplifiers Gain 0.1 to 21.0 GHz
HE ZVA family of amplifiers includes broadband coverage of 0.1 to 18.0GHz,
0.7 to 18.0 GHz, and 0.8 to 21.0 GHz in a variety of packages including with
coaxial connectors for commercial, industrial, and military applications. Units in-
clude the model ZVA-183X+ amplifier with 26-dB gain flat within +1 dB across
a frequency range of 700 MHz to 18 GHz. The ampilifier achieves a typical noise
figure of 3 dB across that frequency range, with output power of +24 dBm at 1-dB
compression. The third-order compression point (IP3) is typically 2 W (+33 dBm).
MINI-CIRCUITS
P.O. Box 350166 Brooklyn, NY 11235-0003; (718) 934-4500,
www.minicircuits.com

Coaxial Amplifiers Work to 3 GHz

PAIR OF bidirectional coaxial amplifiers has been introduced for sending

and receiving F signals at L-band (1.35 to 1.39 GHz) and S-band 2.4 to 2.5
GHz) frequencies. Suitable for appli-
cations like unmanned aerial vehicles
(UAV), unmanned ground vehicles, L-
and S-band radar, military radio, and
commercial  air-traffic-control  (ATC)
systems, the amplifiers are based
on Class-AB LDMOS semiconduc-
tor technology. The amplifiers supply
typical gain from 20 to 23 dB with
+0.5-dB gain flatness. They feature
fast switching speed of typically 1 ms between transmit and receive states. For
receiving applications, the ampilifiers achieve 2.5-dB noise figure. Both amplifiers
operate on a single voltage supply.
PASTERNACK ENTERPRISES, INC.
17802 Fitch, Irvine, CA 92614; (866) 727-8376, (949) 261-1920,
www.pasternack.com
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GaN-on-SiC Amplifier
Gains 13.4 to 15.5 GHz
ODEL TGA2239-CP is a three-stage
power amplifier that provides 35 W
output power from 13.4 to 15.5 GHz. De-
veloped by TriQuint/Qorvo and fabricated on
the firm’s production 0.15-um GaN-on-SiC
semiconductor technology, and available
from Richardson RFPD, the amplifier pro-
across the operating frequency range with
better than 34% power-added efficiency
munications (satcom) systems, the amplifier
delivers +45.5 dBm :
input signal at +20 '/\"%
dBm. It draws 900 /
VDC. The amplifier i\
is supplied in a 10-
bolt-down package. Both RF ports have
integrated DC blocking capacitors and are
available, and the amplifier can also be sup-
plied in chip form.
1950 South Batavia Ave., Ste. 100,
Geneva, IL 60134; (630) 262-6837,

vides better than 30-dB small-signal gain
(PAE). Suitable for Ku-band satellite com-
output power for an

mA current at +22 '3_\ T“ggz‘zgn}v -
lead 15 x 15 mm?

fully matched to 50 Q. Evaluation boards are
RICHARDSON RFPD
www.richardsonrfpd.com

Amplifier Drives Signals
from 24 to 35 GHz
ODEL HMC1131 is a medium-power,
distributed driver amplifier with 22-
dB gain from 24 to 35 GHz. Well suited for
commercial and military terrestrial and satel-
lite communications applications, the GaAs
pseudomorphic high-electron mobility transis-
tor (pHEMT) amplifier achieves +24 dBm out-
put power at 1-dB gain compression with a
third-order intercept of typically +35 dBm. The
compact amplifier draws 225 mA current from
a +5-VDC supply and boasts power-added
efficiency of typically 16%. It is supplied in a
leadless 4 x 4 mm?2 ceramic surface-mount-
technology (SMT) housing.
ANALOG DEVICES, INC.
3 Technology Way, Norwood, MA 02062;
(978) 614-9599
www.analog.com
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wn 100 Watt

from ea.qty. (1-9)

High-powered performance across wide frequency ranges.
Mini-Circuits’ class A/AB linear amplifiers have set a
standard for wideband high-power performance
throughout the RF and microwave industry. Rugged and
reliable, they feature over-voltage and over-temperature
protections and can withstand opens and shorts at the
output! Available with or without heat sinks, they're
perfect for demanding test lab environments and for
integrating directly into customer assemblies. With
standard models covering frequencies from 100 kHz
up to 26.5 GHz, chances are we have a solution for
your needs in stock. Place your order on minicircuits.
com today for delivery as soon as tomorrow! Need a
custom model? Give us a call and talk to our engineers
about your special requirements!

www.minicircuits.com P.O. Box 350166, Brooklyn, NY 11235-0003

Model

NEW! ZVM-273HP+
ZVE-3W-83+
ZVE-3W-183+
ZHL-4W-422+
ZHL-5W-422+
ZHL-5W-2G+

ZHL-10W-2G+
® ZHL-16W-43+
© ZHL-20W-13+

© ZHL-20W-13SW+

LzY-22+

ZHL-30W-262+
ZHL-80W-252+

LZ2Y-2+
LZY-1+
® ZHL-50W-52+

® ZHL-100W-52+

© ZHL-100W-GAN+
ZHL-100W-13+
ZHL-100W-352+
ZHL-100W-43+

AMPLIFIERS

W' 100 kHz 10 26.5 GHz

Frequency Gain
(MHz) (dB)

13000-26500 14.5
2000-8000 35
5900-18000 35

500-4200 25
500-4200 25
800-2000 45
800-2000 43
1800-4000 45
20-1000 50
20-1000 50
0.1-200 43
2300-2550 50
700-2600 50
500-1000 47
20-512 42
50-600 50
50-5600 50
20-500 42
800-1000 50

3000-3500 50
3500-4000 50

_Pout @ Comp..
1dB  3dB
(W) (W)
0.5 0.5

2 3

2 3

3 4

3 5

5 5
10 12
12 16
13 20
13 20
16 30
20 32
25 40
32 38
50 50
63 63
63 79
79 100
79 100

100 100
100 100

$ Price*
(Qty. 1-9)

2195
1295
1295
1160
1670

995

1295
1595
1395
1445
1495
1995

2995
2195
1995
1395
1995

2395
2195
3595
3595

Listed performance data typical, see minicircuits.com for more details.

® Protected under U.S. Patent 7,348,854
*Price Includes Heatsink

[ JMini-Circuits’

(718) 934-4500 sales@minicircuits.com
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NEW PRODUCTS

Limiters Provide Protection to 200 W
LINE OF coaxial high-power limiters
as been developed for such applica-

tions as receiver and low-noise-amplifier

(LNA) protection at frequencies from 0.5

to 40.0 GHz. The series includes seven

limiter designs with limiting thresholds

between +3 and +10 dBm and power-
handling capabilities to 200 W, with low
leakage power of +10 to +15 dBm. The
limiters are constructed for fast recovery
times of 10 to 100 ns. They meet MIL-
STD-202 environmental conditions for
humidity, shock, vibration, altitude, and

MICROWAVE TECHNOLOGY
An LDIXYS Company

For 30 Years you have used our
Microwave GaAs FETs, Hybrids
and Amplifiers, now try our next

generation of high-performance

High Power MMIC Amplifiers for VSAT and Point-to-Point Radio Applications
P-1 (dBm)

MODEL
MMA-283136-R5
MMA-273336-R5

FREQ (GHz) GAIN (dB)
28-31 22
27-33 22

Traveling Wave Amplifiers

MODEL FREQ (GHz) GAIN (dB) P-1(dBm)  Gain Flatness (dB) OIP3 (dBm)  Return Loss (dB)

MMA-005022-R4 30KHz-50 15.5 2 37 10
Driver Amplifiers

MODEL FREQ (GHz) GAIN (dB) P-1 (dBm)  Gain Flatness (dB)  OIP3 (dBm)  Return Loss (dB)

MMA-062020-C3 6-20 13.5 18.3 2 28 10

MMA-174321-R4 17-43 20 5 26 8

Broadband Low Noise MMIC Amplifiers

FREQ (GHz) GAIN (dB)

MLA-0522A-87 0.2-2.0 16
MLA-01122B-C4 1-12 17.0
MLA-06183A-R4 5-18 19.0

High Linearity Driver Amplifiers for WiMax / WLAN
P-1 (dBm)

FREQ (GHz)

GAIN (B)

MMA-020624-L3 2-6 17
MMA-495930-Q4 49-5.9 20
MMA-495933-Q5 49-5.9 10.5
MMA-445933H-02 44-59 30

Available in various Chip and QFN Packages
www.mwtinc.com | Phone: +1 (510) 651 6700

35.5 36 38 10

P-1 (dBm)

STOCKED AT OUR
DISTRIBUTORS

DIGIKEY
RFMW

IM3 (dBc) 0IP3 (dBm)  Return Loss (dB)
40 40 10

Gain Flatness (dB) NF (dB) Return Loss (dB)

1:3 1:3 12
3 14 1
2 3.0 1

Gain Flatness (dB) ~ OIP3 (dBm)  Return Loss (dB)

2 40 12
2 45 8
2 46 9
5 45 10
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temperature cycle and can operate over
temperature ranges of —54 to +85°C.
FAIRVIEW MICROWAVE

1130 Junction Dr., Ste. 100, Allen, TX
75013; (972) 649-6678,
www.fairviewmicrowave.com

Surface-Mount Amps
Aim at Satcom Systems

PAIR OF surface-mount-technology

(SMT) packaged power amplifiers
have been developed for use in satel-
lite-communications (satcom) systems.
Model MAAP-011246 provides 2 W out-
put power from 27.5 to 31.5 GHz while
model MAAP-011139 delivers 4 W out-
put power from 28.5 to 31.0 GHz. The
MAAP-011246 amplifier features 23-dB
gain across its frequency range, with
24% power-added efficiency. It exhibits
third-order intermodulation (IM3) level of
—-25 dBc at an output-power level of +27
dBm. The four-stage amplifier is supplied
inab x5 mm, 32-lead QFN package.
The higher-power model MAAP-011139
is supplied in the same type package and
provides 22-dB linear gain and 23% PAE
from 28.5 to 31.0 GHz. It exhibits IM3 of
-30 dBc at +27-dBm output power.
MACOM TECHNOLOGY SOLUTIONS, INC.
100 Chelmsford St., Lowell, MA
01851; (800) 366-2266, (978) 656-
2500, www.macom.com

ADVERTISERS INDEX
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Dressed and Ready for Action
Custom Packaged Military Components

Micro Lambda Wireless, Inc offers a complete line of oscillators ~ « MLFI, MLFP and MLFD Series Bandpass filters

filters and harmonic geqerators for Fhe m|I|ta.ry market. - + MLFR and MLFRD Series Bandreject (notch) filters
Whether you are designing for an Aircraft, Ship Board, Missile
or Ground Based military system, check out the product + MLOS, MLXS, MLOB, MLXB Series Oscillators

capabilities available from Micro Lambda Wireless. - MLHG Series Harmonic Generators

Oscillators covering 500 MHz to 40 GHz, filters covering

500 MHz to 50 GHz and harmonic generators covering 1 GHz
to 20 GHz special packaging can be provided based on
customer specific requirements. Individual components can

s e = MICRO LAMBDA
' 7 WIRELESS, INC.

Micro Lambda is a ISO 9001:2008 Registered Company “Look to the leader in YIG-Technology”

www.microlambdawireless.com

46515 Landing Parkway, Fremont CA 94538  (510) 770-9221 - sales@microlambdawireless.com
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Uniquely Different
TRM Stands Out from the Crowd.

S v
e, o~
/= o
\ /

4
A

TRM Microwave is a recognized leader in the design and manufacture of standard and custom
high-reliability, passive RF and microwave components. TRM offers you:

» Proven Technology - Our extensive Space and DoD heritage means less risk for your team and projects.

» Engineering Capabilities - We have more than 250 years of combined engineering experience and are
experts at utilizing the best combination of ferrite, coaxial, stripline and airstrip technologies.

+ Ready-To-Build Catalog Parts - Thousands of built before dividers, combiners, couplers, hybrids and more
to start from means less NRE fees for your project.

« Commitment to Service - From sourcing of quality materials to optimized manufacturing processes and
equipment, TRM is committed to delivering the best solution to our customers.

Speak with our applications engineering team today! Call us Toll-Free at 888.677.6877 or visit our web
site at trmmicrowave.com.

' 603.627.6000 [l feRatir =

N\ 280 South River Roa !‘“ P L

Q)ﬁ TRM Bedforl‘:i,n NH 03112 55}:'%;
\ MICROWAV -

r info@trmmicrowave.com fk&_r‘ __
< COMPLETING YOUR IDEAS® 1509001:2008 Certified trmmicrowave.com [E]-335)
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martphones and tablets have

replaced PCs and laptops for many

users, but PC platforms are more
functional and powerful than ever. They
are also sporting the latest technologies like
PCI Express Gen 3, USB 3.1 with the new
Type C connector, and M.2 connectors for
motherboard-based flash storage.

Desktop PCs pack a punch that is hard
to carry around and they usually have dis-
plays that exceed the capabilities or size of
most mobile devices. Tower and mini-tower
systems are still the norm for high-end gam-
ing and workstations, but more compact
solutions are available when top-end perfor-
mance is not a requirement.

Building a PC from scratch used to be common, but now
it is more common for those looking for high-performance
platforms like gamers. Leading the charge is Gigabyte’s Z170X-
Gaming-G1 motherboard for Intel’s 6th generation Core
processors (see figure). It uses an Intel Z170 chipset and it
will be paired with the hottest chips around so liquid cool-
ing might be used with the processor. Keeping the rest of the
board cool can also be done using liquid cooling as the moth-
erboard heatsinks have G1/4 thread fittings.

The motherboard uses DDR4 and exposes the HDMI
support available with the processor’s integrated graphics,
but most gamers will populate one or all of the four PCI
Express Gen 3 slots that have metal reinforce-
ment for those large GPU cards. There are

PCs Fig
MORE POWER

Gigabyte’s Z170X-Gaming-G1
motherboard handles Intel’s 6th

generation Core processors with
optional liquid cooling support.

JOIN US ONLINE

Editorial
BILL WONG | Embedded/Systems/Software Editor

bill. wong@penton.com

ht Back with

Full-size motherboards and even more
compact systems like those based on Mini-
ITX are still common and they are often used
for embedded applications. The flexibility to
plug in an expansion card allows systems to
be customized for particular applications.

Still, packing the standard display and
communication interfaces with a processor,
memory, and storage is often all that is need-
ed except for the display and user interface
peripherals. Intel's NUC (Next Unit of Com-
puting) is a popular form factor that has been
adopted by a number of vendors. The 4-in. by
4-in. motherboard typically includes an Intel
Core processor plus Gigabit Ethernet and
flash storage. The NUC often includes WiFi,
Bluetooth, and even NFC support. Core i3 and i5 versions
are often fanless with higher-end versions running tiny fans.
Standard VESA mounts for the back of monitors is typical as
well. Flash and DRAM are in sockets to allow user configura-
tion of storage.

Even smaller platforms are available in HDMI sticks like
Intel’s Compute Stick. It is more of a scaled-down NUC in
an even smaller-form factor designed to plug into a HDMI
socket. The quad-core Atom has access to 2 Gybtes of
memory and 32 Gbytes of flash, making it suitable for
Windows 10, Ubuntu, and other operating systems. A
USB port and micro SD card slot provide limited but use-
ful expansion options. WiFi and Bluetooth
are standard. The Stick is handy for digital

two x16 and two x8 slots plus three x1 slots.
They support 2-, 3-, and 4-way AMD Cross-
Fire/NVidia SLI technologies for multiple
GPU configurations.

GO TO ELECTRONICDESIGN.COM

: facebook.com/ElectronicDesign
twitter.com/ElectronicDesgn

signage applications.

For more details on these and other PC
trends, check out my complete article at www.
electronicdesign.com. B8
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FIBER-OPTIC SENSORS
Enable Smart Battery—Charge

Management

n the pursuit of more efficient and low-cost designs, a

growing number of battery storage devices are turn-

o embedded fiber-optic sensors and machine learn-
ing to optimize the main battery charge. The Palo Alto
Research Center (PARC) is partnering with LG Chem
Power Inc. to develop such a battery management system,
with an initial focus on lithium-ion battery packs used in
hybrid and electric (xEV) vehicles.

The Smart Embedded Network of Sensors with Optical
Readout (SENSOR) system is capable of monitoring cell
degradation and health information (SOX), in addition to
predicting remaining battery life. During initial validation,
the system demonstrated “2.5% or better SOX accuracy
across various XEV use-cases” at both the cell and module
levels, explains Ajay Raghavan, research area manager at
PARC and the principal investigator of the technology.

The SENSOR system is designed with wavelength-shift
detection technology, which measures the signals from
Fiber Bragg Grating sensors and other optical sensors
embedded within the active chemistry of the battery. With reso-
lution down to 30 fm and speeds up to the kilohertz level, this
approach yields information about the battery’s state of charge
as well as advanced warning of failure. These measurements are
transmitted to a read-out unit and evaluated by machine learn-
ing algorithms to provide real-time performance management.

PARC recently completed testing at the module level of xEV
batteries, following the validation of the technology in indi-
vidual lithium-ion cells. The initial module-level validation of
the SENSOR system builds on the cell-level testing reported by
PARC at the ARPA-E AMPED annual meeting earlier this year.

The SENSOR system is a continuing research project funded
under the United States Department of Energy’s Advanced
Research Projects Agency-Energy (ARPA-E) within
the Advanced Management and Protection of Energy Storage

10

| ~

SENSOR measures the signals from Fiber Bragg Grating sensors and other
optical sensors embedded within the active chemistry of the battery. (Image
courtesy of ThinkStock).

Devices (AMPED) program. According to the ARPA-E project
abstract, the capabilities of the new system could reduce the
form factor of XEV batteries by more than 25%, resulting in a
lower manufacturing cost at the same energy density.

The next step in the development process for the SENSOR
system includes additional hardening, validation, and research
into efficient scaling. PARC’s Raghavan explains that the com-
pany will continue working with original equipment manufac-
turers to transition the technology into field xEV's “as well as to
explore its applicability for other energy and structural systems”

The SENSOR project is only one part of PARC's Energy Tech-
nology Program, which seeks to develop clean and abundant
energy for a wide range of technologies. Thus far, it has focused
on chemical energy storage for xEV's, consumer electronics, and
the electrical grid; advanced energy-conversion devices; wireless
sensors; and advanced analytics to maximize energy utilization. M
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TELECOM EQUIPMENT MARKET Will Have Steady Growth Through 2019, Report Says

IN AN EFFORT TO bolster network capabilities against an explo-
sion of mobile data traffic, service providers are increasing their
investments into wireless and wireline infrastructure. According to
a recent report from the Dell’Oro Group research firm, the market
for telecommunications equipment will continue its upward trajec-
tory until the end of the decade. In spite of plans to introduce more
efficient and lower-cost networks, companies are increasing their
installed base of cellular stations, fiber-optic cable, and wireless
access points.

The entire market for telecommunications equipment is expect-
ed to surpass $500 billion between 2014 and 2019, according to
the Dell’Oro report. In addition, report predictions indicate the mar-
ket will earn approximately $26 billion more over that period than it i

The entire market for
telecommunications
equipment is expect-
ed to surpass $500 bil-
lion between 2014 and
2019, according to the
Dell’Oro report. (Image
courtesy of ThinkStock).

did from 2008 to 2018.

Tam Dell’Oro, president of the research firm, notes that wireless
infrastructure will continue to expand over the next four years, While total investment in telecommunications equipment is grow-
carried mainly by the rise of small cells, heterogeneous networks ing, the market for wireless infrastructure will increase at a com-
(HetNets), and local-area networks (LANSs). All of these technolo- pound annual growth rate (CAGR) of -2% from 2014 to 2019. On
gies are viewed as integral to constructing 5G networks. At the the other hand, the wireline market will grow at a 3% CAGR over
same time, Dell’Oro explains that wireline equipment, such as the same period. The report examined the access, carrier IP tele-
fiber-optic cable, will grow a percentage of total investments over phony, microwave, mobile RAN, optical, router, Wi-Fi, and wireless
the next four years. packet core industries to predict revenues for the entire market. ™
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Technology
WILLAM WONG | Embedded/Systems/Software Editor

CONSUMER

The Internet of Things remains vaguely
defined, but that hasn’t halted the flood
of consumer IoT products on the market.

he Internet of Things remains vaguely defined,

but that hasn’t halted the flood of consumer IoT

products on the market. They are coming in all

shapes and sizes, utilizing every type of sensor, and
using almost every wireless connectivity mechanism known to
man—from near-field communication (NFC) with door locks
to Bluetooth 4.0 for proximity sensing.

These days, talking about Wi-Fi enabled refrigerators or
washing machines is downright commonplace, and our cars
often have more computing elements than the home. I'll leave
cars to another time and concentrate on some of the IoT con-
sumer solutions already available.

SPORTING IoT

One of the first low-cost sensors was the 3D accelerometer,
which was in the first Fitbit sports tracker I had. That utilized
a USB interface with its own wireless connectivity, but it was
useful and waterproof. The Fitbit Zip (Fig. 1) has replaced the
original tracker, adding Bluetooth 4.0 support that allows it

12
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1. Fitbit’s Zip (a) is a
basic fitness tracker
while the Charge (b)
adds features like sleep
tracking. The Surge (c)
is a full-fitness smart-
watch with a heart-
rate monitor and GPS
tracker, and links to a
smartphone.

(c)
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2. The Apple Watch (a) with its NFC support and the Pebble
Steel (b) watch with its low-power, color e-paper display
highlight the range of functionality available with
smartwatches.

to link to most smartphones.

Of course, there is an app for that. This
tends to be true for most IoT devices; many
have limited or no display to speak of, but
they typically are full of sensors, microcon-
trollers, and a communication link. This
allows the Fitbit Charge to add functionality
like sleep tracking, as well as tracking the num-
ber of floors climbed.

The Fitbit Surge moves into the smartwatch
arena with features like text notifications and control
of music apps. It includes the features of
the Charge, plus a heart-rate moni-
tor and GPS tracker. Not bad
for a smartwatch with a seven- [
day battery life. (

TIME FOR IoT

It is always fun to listen to peo-
ple argue about the merits of fitness
trackers versus smartwatches, given
the amount of crossover between the 3.Samsung’s
two categories. Much of the debate cen-  SleepSense fits
ters around where they differ. A fitness
tracker with a display can easily show
the time and the number of steps taken,
but not much else. A smartwatch tends to be distinguished by
its display adding a more robust user interface.

The Apple Watch and Pebble’s Steel smartwatches (Fig. 2) are
just two out of dozens of options available to consumers. While
smartwatches can be found for under $100, more pricey mod-
els tend to be the norm, with many pushing style over func-
tionality. The ability to install and use applications also tends
to differentiate a smartwatch from more basic fitness trackers.
This means more processing power, more memory, and hence
a shorter battery life. As with smartphones, the display tends
to be a major power hog, although the e-paper watches usually
have multi-day battery life.

Smartwatches also tend to have more sensors. Some even
have cameras built into the watch. Their connectivity can
sometimes allow them to operate without close proximity to
a smartphone within, although they tend to be used more to
augment a smartphone rather than replace it. One feature that
is emerging is NFC support that can be used for electronic
payment already found with some smartphones. Placing the
smartwatch next to a payment kiosk is often more convenient
than pulling out a smartphone.

GO TO ELECTRONICDESIGN.COM

between a box spring and mattress
to track a person’s sleep pattern.

HEALTHY IoT

' The tracking features found in fit-
/ ness bands and many smartwatches
can help improve a person’s health—
providing information about move-
ment and pulse rate—but this is just
the tip of the iceberg when it comes to
mobile medical devices. The challenge
for developers in this space is where
and how devices will be prescribed and
used. Medical devices that require FDA
approval will be more targeted and
more expensive because of the need to meet FDA requirements
(see “Successfully Navigate FDA Medical Device Approval” on
electronicdesign.com). This includes medical IoT devices like a
mobile electrocardiogram (EKG). This still leaves a lot of pos-

sibilities that do not target that end of the market.
One example of a sleep-related IoT device is Samsung’s
SleepSense (Fig. 3). This wireless device fits between the box

4. Kwikset’s Kevo Bluetooth
Electronic Lock door
locks use Bluetooth 4.0
to link with a smart-
phone app.
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Consumer IoT
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5. The Nest Thermostat (a)
has been joined by the Pro-
tect alarm (b) and Camera
(c) with a common app (d),
but they also work with a
growing number of third-
party products.

spring and a mattress, helping to
track sleep patterns without requiring
the consumer to wear a fitness band or
other device. Its on-board sensors track
movement and other information to
analyze sleep patterns.

The SleepSense app provides visu-
al feedback to users. It can also con-
nect to other devices—enabling it, for
instance, to turn off a television when a
person goes to sleep. Its alarm features a
gradual alarm instead of a loud ringing
that can leave a person dazed and irri-
table. The alarm is synched with sleep
patterns to select the user’s optimal
wake-up time.

The system can also adjust heat
and air conditioning temperature set-
tings to increase comfort. Samsung
claims a 97% accuracy rate using its
real-time contactless sensor to track
heart and respiratory rates in addition
to movement.

IoT HOME

Home automation has been around
for ages, with technologies such as the
venerable X10 being challenged by

14
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other wired, wireless technologies and
powerline technologies like Smart-
Home’s Insteon (see “EiED Online> >
Insteon Now” on electronicdesign.com).
Wireless standards groups like the
ZigBee Alliance and Z-Wave Alliance
have standards or profiles that target
home automation and related areas
such as lighting and HVAC.

The twin challenges for home auto-
mation solutions are cost and complex-
ity. In the past, costs were very high,
and setup and management were typi-
cally delegated to professionals. Wir-
ing was often an issue and wireless
was the exception rather than the rule.
These days, wireless is at least a compo-
nent of the solution. This includes all
wireless technologies from NFC to
Wi-Fi. Low-power solutions even
make battery operation practical for
many components.

Much has changed, although home
automation costs are still nowhere near
the cost for non-enabled systems. It is
hard to argue with a light switch that
costs under a dollar, although you do
have to walk near it to be able to turn
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Consumer IoT

6. LG’s Twin Wash supports Wi-Fi and NFC for wireless connectivity.

it on or off. Still, there are neat implementations offering com-
pact solutions that are remarkably easy to install and use. Sen-
gled Pulse Solo is an LED lightbulb with a stereo speaker (see
“The Internet of Things Is Here to Stay” on electronicdesign.com).
It has Bluetooth connectivity for control and audio streaming.
Lifx chose Wi-Fi for its lightbulb. The Original is equivalent
to a 75-W bulb, delivering 16 million colors or 1,000 shades
of white. Of course, there is an app for adjusting brightness
and color.

I have had an electronic door lock with a combination for
many years, but with Kwikset’s Kevo door-lock family (Fig. 4) I
could use my Samsung Galaxy with the Kevo app to unlock my
doors. There are door locks that use NFC or proprietary wire-
less solutions, but Kwikset uses Bluetooth 4.0 found in most
newer smartphones. A key fob is included.

The Kevo Bluetooth Electronic Lock works similar to the
keyless entry systems for cars. The smartphone can remain
in your pocket with Bluetooth enabled. You touch the lock to
lock or unlock the door. The cloud can be used to share eKeys
that would enable other smartphones to unlock the door.
The lock does not require an Internet connection, although it
does run on batteries. It supports a physical key and Kwikset’s
SmartKey Re-keying technology. This allows anyone to rekey a
lock, not just a locksmith.

One name that keeps popping up in the home automation

16

discussion is Nest. Now part of Google, it started with the Nest
Thermostat (see “An Elegant Thermostat Designed For The
Internet” on electronicdesign.com). The family now includes the
Nest Protect and Nest Camera (Fig. 5).

What sets Google’s Nest apart is that the API and infra-
structure that are available to developers of so many other IoT
devices (not just for the home) are often highlighting Nest
support. This is probably the closest to a generic IoT environ-
ment that a consumer will be seeing at this point. Many of the
other IoT-related products in general tend to be siloed, with the
smartphone being the common element. Exchange of informa-
tion between devices is less common. Nest-compatible devices
include products like Samsung’s SleepSense.

IoT WHITEGOODS

People would scoff at the thought of an Internet refrigerator
or washing machine when the additional cost was more on
par with putting a laptop into the device and the need for large
screens was driven by standalone operation.

Well, things have changed—starting with smartphones and
tablets providing a more robust interaction with these devic-
es. It will be more common for a consumer to be “program-
ming” a device using a smartphone rather than interacting
with a user interface on a device. That is not to say that these
devices will be totally headless, but rather, the functionality of
the device’s user interface will tend to be more limited. This
will allow for smaller displays while providing more advanced
functionality.

For example, LG’s Twin Wash (Fig. 6) includes Wi-Fi and
NEC support. This allows a smartphone application to control
the type of cycle, in addition to knowing when the cycle is com-
plete. The Twin Wash is actually two washing machines in one.
The conventional washer is on top while a second, smaller unit
is hidden in the drawer normally used for storage. The two can
operate independent of each other, with the smartphone app
having access to each.

The Twin Wash’s second washing unit differentiates it
somewhat from more conventional washing machines, but
the control panel console is similar. The added IoT function-
ality is accessible from the console, though the smartphone
application handles the heavy lifting when it comes to a graphi-
cal user interface.

Most consumer IoT devices tend to be custom-made to
reduce size and improve ease of use and presentation style.
Larger devices can take advantage of modules like Samsung’s
ARTIK platform. The smallest is the ARTIK 1 coming in at
12-mm by 12-mm. It has Bluetooth/BLE support in addition to
a nine-axis sensor. It is designed for low-power operation with
security designed into the hardware. Of course, it comes with
its own ARTIK IoT stack—joining the many others like ARM’s
mbed and the Thread Group’s Thread framework—but that is
another story. &
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Product Trends
THOMAS L. ANDERSON | Breker Verification Systems Inc.
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S Industry Trends
Dominating EDA Today

From UVM extensions to portable stimulus to the onslaught of the IoT, the push is
underway to enhance and streamline EDA functionality to meet industry demands.

t any given time in the electronics industry,

thousands of product areas and new technolo-

gies are in development. No one person can keep

track of them all, but the major publications and
Web sites do a remarkably good job overall.

Every once in a while, it helps to step back a bit and look for
the industry trends behind many of the specific development
projects currently underway. It’s a useful way to cut through
some of the clutter, make investment decisions, search for
promising employment opportunities, or choose new career
paths. With that approach in mind, this article highlights five
trends permeating the EDA space in the electronics industry.

Apps
SR b processor
] ¢ ]

UVM EXTENSIONS
One clear trend within the verification space is the need
for extensions to the well-established Universal Verification
Methodology (UVM). The UVM, an Accellera standard that
was recently handed off to the IEEE, defines how to build
reusable testbench components for simulation. It has been
remarkably successful at verifying blocks and subsystems,
automating sequence generation, and largely replacing hand-
crafted test vectors. However, the UVM cannot be all things to
all engineers, and some cracks are starting to show.
Many companies have extended the UVM to languages
beyond the original SystemVerilog: to system-level verifi-
cation beyond the original
target of RTL, to hardware
platforms beyond the origi-
nal focus on simulation, and
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1. Many types of chips are making
the move to multiprocessor SoCs.

1/0 1/0 1/0
| /T /T /T | this trend is hard to track is
¥ 1 T that ESL means many things

to many different people.
The design side usually
focuses on describing the
chip in SystemC and using
high-level synthesis (HLS)
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Product Trends

to map to RTL and gates. Commercial solutions for HLS have
been in place for more than a decade, though the technology
has yet to become mainstream. But adoption continues to
grow every year, so it is part of the ESL trend.

On the verification side, ESL mostly refers to high-level mod-
eling of a system or SoC in a virtual platform. The level of detail
is enough to run software, estimate power consumption, and
measure performance metrics, but not enough to run HLS.
There’s much speculation (and some actual research) about
whether a single model can suffice for virtual platforms and
synthesis. In the meantime, the virtual model is often written in
SystemC so that it can be transformed into the HLS source by a
series of successive refinements introducing more design details.

MULTI-EVERYTHING
In the architecture space, many chips are moving toward
multiprocessor system-on-chip (SoC) designs with multiple
memories and multi-level caches. It’s resulting in an architectur-
al style that depends heavily on embedded software content to
differentiate the end application and product (Fig. 1). This trend
stems from a series of sub-trends in chip architecture:
o Large chips are adding embedded processors to implement
complex functionality while retaining flexibility.
« Single-processor chips are adding multiprocessor clusters to
get better performance at a given process node.
» Multiprocessor chips are using shared memory for effective
data transfer and inter-process communication.
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2. The industry today demands a Portable Stimulus solution, in order to have a single source for abstract verification specification.
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Product Trends

Every once in a while, it helps to step back a bit and look for
industry trends behind many of the specific development

projects currently underway.”

« Neighbor-connected processor arrays are moving to shared
memory to reduce cross-chip data latency.

» Multiprocessor designs are adding caches to reduce memory
access time and bypass memory bottlenecks.

» Multiprocessors with caches require coherency to ensure
that the right data is always accessed.

Since embedded software is so central to this style of chip, it
becomes very difficult to verify the design using a traditional
simulation testbench. It’s preferable to run test cases on the
embedded processors in simulation, and beyond, through
emulation, field-programmable gate-array (FPGA) proto-
types, and even actual silicon in the lab. UVM provides no
facility for linking code running on SoC processors with a
testbench, so once again the need arises for an extension or
new approach. But since UVM works so well on blocks and
subsystems, any new method must link to existing testbenches
as much as possible.

PORTABLE STIMULUS

These requirements are driving the fourth industry trend:
the search for a portable stimulus solution. The goal is to have
asingle source for abstract verification specification, and some
sort of automatic generation of test cases tuned for specific
targets (Fig. 2). This enables vertical reuse (from IP block to
full SoC) and horizontal reuse (from ESL and RTL simula-
tions to silicon). Since it’s such a critical need in the electronics
industry, the Accellera Systems Initiative formed the Portable
Stimulus Working Group to develop a standard in this area.
Key areas of focus include graph-based verification, software-
driven verification, and automated coverage.

All four trends discussed so far come together at this point.
Thus, a portable stimulus standard:
» Might be viewed as an extension of the UVM.
» Must provide connections to existing UVM testbenches.
» Must support high-level ESL simulations as well as RTL.
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» Must generate code to run on embedded processors.
« Must support test cases running on many-core SoCs.

IMPACT OF IoT

The final trend is probably the most obvious, since it’s
discussed all of the time in the trade press: the predicted
exponential growth of the Internet of Things (IoT). Many
feel that this area has been hyped beyond all rationality and
that too many disparate technologies are being gathered
under the IoT banner. However, it’s quite clear that a large
market exists for network-connected devices of all kinds,
and it will very likely continue to grow at a rapid pace. Many
new consumer and business applications are seemingly
being proposed every day.

Most IoT devices will have to be small and inexpensive,
which would place a lower design and verification burden
on the chip projects. However, many will need to run on
extremely low power, and some will be in locations difficult to
access for repair or upgrade. Virtually all IoT services will be
SoCs, with embedded software providing part of their prod-
uct differentiation. Although some may not need multicore
or many-core capabilities, the wide availability of these plat-
forms may mean that they will be selected, anyway.

Over the next few years, much energy will be devoted to
address these five trends. Engineers involved in any of these
areas will want to benefit from all available information,
whether it be from the trade press, technical journals, and/or
industry conferences. Lots of very smart people face similar
problems, so there’s much to be gained in the industry by shar-
ing ideas and results whenever possible. &2l
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sented more than 100 conference talks, published more than
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a B.S. in computer systems engineering from the University of
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ing and computer Science from the Massachusetts Institute of
Technology (MIT).
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An Inside Look at
High-Speed ADC Accuracy

Understanding how ADCs can experience multiple inaccuracies can clarify the best
way to specify the device when defining system parameters for a new design.

nalog-to-digital converters (ADCs) are used in a

wide range of applications, particularly measure-

ment systems that need to process analog trans-

ducer signals. Examples include data-acquisition
systems to measure pressure, flow, Velocity, and temperature.
Typically, these signals are time-domain signatures in the
form of a pulse or step function.

In any design, it’s important to understand the overall sys-
tem accuracy, especially when systems must quantify very
small sensitivities or changes in a waveform. In an ideal case,
for every 1 V applied to the input of a signal chain, a 1-V out-
put is digitally represented by the ADC. However, this is not
the case. All converters, and all signal chains for that matter,
have some finite amount of error associated with them.

Of particular interest are the errors associated with the
ADC itself. Multiple inaccuracies accumulate within the con-
verter to cause these errors. Understanding how this happens
can help clarify how best to specify an ADC when defining
system parameters for a new design.

In any signal chain, the converter is the foundation of the
system. System accuracy can be no better than the converter’s
least-significant-bit (LSB) size.

Because ADCs are not ideal and don’t exhibit infinite reso-
lution, they can only output a finite number of representa-
tions. The actual number of representations is equal to the
input full scale of the converter divided by 2%, with N being
the nominal number of bits that the converter puts out per
conversion (Fig. I).

For example, for any voltage applied to its input, a 12-bit
ADC may output one of 4096 unique digital representations
to represent it. These representations have some finite amount
of error. Therefore, if the 12-bit ADC’s datasheet specifies an
input full-scale voltage (V) value of 10-V,,, its LSB would be
244mV, and, ideally, an accuracy of £1.22 mV.

24

LSB =V, /2N =10/4096 =2.44mV =+1.22mV (1)

In reality though, ADCs are not ideal. Some finite amount
of noise (k x T/C) exists within the converter itself—even at
dc. Remember, a 1-kQ) resistor is equivalent to 4 nV/ \/(HZ) ina
1-Hz bandwidth at 25°C. Notice that when looking at a 12-bit
ADC datasheet, the signal-to-noise ratio (SNR) is typically on
the order of 70 to 72 dB. However, a 12-bit ADC should have
74-dB SNR in the ideal world, based on:

SNR (dB) =6.02 x N+1.76  (2)

Thus, in the real world, 12-bit precision can’t be achieved,
because the converter introduces inaccuracies (Fig. 2).

These inaccuracies or errors define how effective the
converter represents the signal that ultimately is acquired
throughout the signal chain. Such errors include:

« Offset error: The analog value by which the transfer function
fails to pass through zero.

o Gain error: The difference in FSV between the ideal and
actual transfer function when offset error is zero.

Digital L’
Ideal N-bit ADC output )
quantization error -
b g Analog
7 input

Error lq =11SB=+-0.515B

(input — output) . A
;kkkkbb --f-

1. ADC quantization error: Representation of an ideal ADC that
approximates a sawtooth waveform with a peak-to-peak amplitude
equal to q.
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42V Quud Monolithic Synchronous Step-Down Reguldtor

with 30uA Quiescent Current
Design Note 544
Zhongming Ye

Introduction

Industrialand automotive applications require robust,
easy-to-use, compact DC/DC converters to produce
avariety of low voltage power supplies. The LT8602
monolithic quad synchronous step-down converterin
a6mm x 6mm package is capable of providing four
outputs from a wide input range of 3V to 42V. It is
versatile and easy to use with features such as low
EMIandadjustable operating frequency upto 2.2MHz.
It consumes only 30pA quiescent current from the
input source even when regulating the outputs.

Small Size, Low EMI, Quad Step-Down
Solution

The LT®8602 integrates two high voltage (HV) and
two low voltage (LV) synchronous regulators in a
QFN (6mm x 6mm) package. Replacing external
Schottky diodes with internal synchronous switches
minimizes the solution size and also increases ef-
ficiency, reducing power dissipation.
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]
5
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Figure 1. Top Center View of
the Demo Board DC1949A

BRERESS
|
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The two HV channels (1 and 2) are capable of sup-
porting 1.5A and 2.5A loads respectively, from an
input of 3V to 42V. The two LV channels (3 and 4)
can support up to 1.8A each from an input of 2.6V to
5.5V. Figure 1 shows the top center view of the demo
circuit DG1949A. A simplified schematic with four
outputs: 5V, 3.3V, 1.8Vand 1.2Vis shown in Figure 3.
OneLT8602 replaces fourindividual regulators, reduc-
ing overall solution size and cost. All four regulators
in the LT8602 are synchronized to a single oscilla-
tor programmed at 2MHz, allowing the channels to
operate anti-phase. The LT8602 reduces the input
ripple current by operating channels 1 and 3 out of
phase from channels 2 and 4, simplifying EMI filter
design. The demonstration circuit DC1949Aincludes
a small EMI filter. Figure 2 shows the radiated EMI
performance of the board. It passes the CISPR25
class 5 peak limits with good margin.

L7, LT, LTC, LTM, Linear Technology and the Linear logo are registered
trademarks of Linear Technology Corporation. All other trademarks are the
property of their respective owners.
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Figure 2. Radiated EMI Performance (CISPR25, Class 5, Peak
Detector), 14V;y, 1A at All OQutputs, Switching Frequency = 2MHz
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Wide Input Range Even at High Switching
Frequencies

A high switching frequency can be used to minimize
DG/DC solution size, but increasing frequency usu-
ally comes with a trade-off: reduced input voltage
range. This is a significant concern in automotive
and industrial environments, giving designers pause
when considering the advantages of increasing the
switching frequency.

With low minimum on-time and low dropout, the
LT8602 allows a wide input range, even at 2MHz.
Figure 4 shows the dropout performance of channel
1. As the input voltage decreases toward the pro-
grammed output voltage, LT8602 maintains regula-
tion by skipping switch-off times and decreasing the
switching frequency up to a maximum duty cycle of
99.6%. If the input voltage decreases further, the
outputvoltages remain 50mV-550mV belowtheinput
voltage, depending on the load. The boost capacitor

Vin

is charged during dropout conditions, maintaining
high efficiency.

Flexible Sequence Control

The LT8602 has a track and soft-start pin for each
HV channel. For each LV channel, it has an internal
soft-start of ~Ims. Each channel also has a power
good indicator. Those pins simplify output tracking
or sequencing.

Conclusion

The LT8602 integrates four synchronous buck regula-
torsina6mm x6mm QFN package, enabling compact,
low EMI, high efficiency, fault robust solutions requir-
ing only 30pA quiescent current. Individual inputs for
each converterallow design freedom, while separate
PGindicatorsand TRK/SS pinsfurtherextendtracking
and sequencing flexibility. These features make the
LT8602 ideal for the harsh environments common
to automotive and industrial applications.
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o Linearity error (commonly referred to as nonlinearity): The
deviation from a straight line drawn between zero and full
scale as shown in Fig. 1.

Now that the most basic ADC errors have been defined and
understood, it’s useful to compare them. Typically, an ADC’s
offset and gain errors are so small that they can be either
ignored or adjusted (nulled) by means of an external analog
circuit or via digital processing. However, other errors, such
as linearity, quantization, and temperature coefficient (“temp-
c0”), cannot be so easily adjusted or eliminated.

ADC linearity is only as good as the converter itself, which
means it’s influenced by architecture and process variation. To
deal with nonlinearity, the designer generally has two choices:
either purchase a better—and more expensive—converter, or
digitally correct the linearity.

Digital correction can turn out to be as costly as buying a
better converter, though, because it demands more resources
on the DSP or FPGA, as nonlinearity will shift over tempera-
ture and process variation. Depending on the sample rate, IF,
and resolution, digital correction may require extensive char-
acterization and look-up tables to correct or adjust the ADC’s
performance on the fly.

Linearity involves two types of errors—differential and
integral linearity (DNL and INL, respectively). DNL is

defined as any error or deviation from the conversion’s ideal
value. In other words, it represents the deviation in the analog
difference between two adjacent codes from the ideal code
value of V_ /2N,

Think about this in relation to SNR performance of the
ADC. As the code variation grows, the number of transitions
shrinks. This error is bound to +0.5 LSBs over temperature to
ensure no missing codes.

INL is defined as the curvature deviation from an ideal
straight-line approximation of the transfer function between
zero and full scale. INL, for the most part, determines the
spurious-free dynamic range (SFDR) performance of the ADC.

The shape of the overall INL deviation affects harmonic
performance. For example, a “bow” in the INL curve will yield
worse even-order harmonics, and an “s-bow” in the INL curve
will commonly yield odd-order harmonics. However, because
this error is frequency-dependent, it doesn’t relate to the type
of error analysis under consideration here.

Thus, even though a null in the static offset and gain errors is
feasible, the temperature coefficient related to offsets and gain
errors will still exist (for example, a 12-bit ADC with 10-ppm
gain error; or FSR/°C = 0.001%/°C). Likewise, 1 LSB in a 12-bit
system is equivalent to 1 part in 4096, or approximately 0.024%.

So,a 125°C delta (-40 to +85°C) yields a +2.5-LSB gain tem-
perature error, or 0.001% x 125 =0.125%, in which 0.125/0.024
=5.10r +2.55LSBs.

For offset tempco, a 5-ppm offset error or FSR/°C =
0.0005% per °C. This would yield a +1.3-LSB offset temper-
ature-coefficient error, or
0.0005% x 125 = 0.0625, in

Digital Digital ) .
output output L7 which 0.0625/0.024 = 2.6 or
- +1.3 LSBs.
. Af“°|°9 Other error sources that
e Az input )
7 2 can also play a role in the
R - converter’s performance are
’ e common-mode rejection
Offset error Gain error

Digital p
output

LSB

LSB/2

Output error

-LSB/2}

-LSB

Linearity error

2. ADC inaccuracies: Representation of errors in non-ideal ADCs with offset error, gain error, and linearity

error. All three errors are represented in the graph (lower right).

GO TO ELECTRONICDESIGN.COM

Andlog input

ratio (CMRR), clock jitter,
and inherent board noise
and coupling. All of these
errors ultimately determine
how effective the ADC is at
representing a signal and
usually exhibit their effects
more obviously in the fre-
quency domain.

From a time-domain
standpoint, the following
five errors dictate the con-
verter’s overall accuracy:
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« Relative accuracy, or DNL, which was defined as +0.5 LSBs.

« Relative DNL is the typical number in the datasheet. Relative
tempco DNL is the DNL variation over rate temperature of
the ADC/device/IC.

« Gain tempco error, which was +2.5 LSBs (from the example
above).

« Offset tempco error, which was £1.3 LSBs (also from the
example above).

» Power-supply sensitivity, which is typically expressed in
terms of low-frequency power-supply rejection ratio (PSRR)
within the first Nyquist zone. This can be typically expressed
as 60 dB or +2 LSBs for a 12-bit ADC.

By simply taking the root-sum-square (RSS) of all these
error sources, total converter error will equal +3.5 LSBs, which
might seem overly pessimistic. Yet a statistical tolerance may
actually be overly optimistic, or in other words, the total sum
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of errors divided by the number of
errors or (0.5 +2.5+ 1.3 +2)/4=+1.58
LSBs. The actual tolerance of the ADC
should fall somewhere between these
two, though.

Therefore, when adding accuracy
errors in the converter, or in any accura-
cy system analysis, designers should use
a weighted error source approach, then
RSS these error sources together. This
will provide the best method in deter-
mining the ADC’s overall error.

As a result, the relative accuracy of
+0.5 LSBs should stay at 100%. How-
ever, the gain temperature compensa-
tion error of +2.5 LSBs should be 66%
of the total error or 2.5/(0.5 + 1.3 + 2)
x 100. The offset compensation error
of £1.3 LSBs would be 26% of the total
error or 1.3/(0.5 + 2.5 + 2) x 100. The
power supply sensitivity error of +2
LSBs would be 47% of the total error, or
2/(0.5 + 1.3 + 2.5) x 100. Adding these
weighted errors together in an RSS
fashion, or V((0.5x1)? + (2.5 x 0.66)* +
(1.3 0.26) 2 +(2 x 0.47)?), provides a
total error of £2.0 LSBs, which yields
something more realistic in between
the optimistic and pessimistic method
outcomes given earlier.

The ADC has a settling-time inaccu-
racy, too. Keep in mind that a converter’s
internal front end must have enough
bandwidth (BW) to accurately sample
the signal. Otherwise, an accumulation
of errors will be greater than what was
described above.

In general, an ADC’s internal front
end must settle within half a period of
the sample clock cycle (0.5/Fs, where Fs
= sample frequency) to provide an in-
bounds accurate representation of the
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analog signal to be acquired. Therefore, for a 12-bit ADC sam-
pling at 2.5 Gsamples/s and a full-scale input range of 1.3 V
the full-power bandwidth (FPBW) required can be derived by

starting with the transient equation:
1LSB =V xe(-t/1)

Solving for t:
t= -1 xIn(1LSB/V )

Substituting in T = 1/(2 x m x FPBW)
for one time constant, and solving for
FPBW:
FPBW = —(1/(2 x mt) x In(1 LSB/V )
let t = 0.5/Fs. That is the time needed for

a sample to settle, where the sampling
period is 1/Fs:

FPBW = —(Fs/m x In(1 LSB/V ) =
-(2.5 G/m) x In(317 uV,, /1.3)) =
6.62 GHz

This will yield the minimum required
bandwidth for the ADC’s internal front-
end FPBW. The converter’s internal
front end needs this amount of BW to
settle within 1 LSB and sample the ana-
log signal appropriately. It will require
the passage of several time constants
to meet an accuracy of 1 LSB for this
type of ADC, where one time constant is
equal to 24 ps, or:

1=1/(2 x t x FPBW)

To understand the number of time
constants required for the full-scale
range of the ADC in LSB size, %Full-
scale error, or %FS, needs to be found.
Or, 1 LSB = FS/(2N), where N = number
of bits; or 1.3 V,,/(212) = 317 uV,,, and
9%FS = (LSB/ES) x100 = 0.0244.

By plotting Euler’s number, or et, a
graph can be developed that makes it
easy to show the relative error with the
passing of each time constant. In Fig.
3, it can be found that it takes 8.4 time
constants for the 12-bit ADC example to
settle appropriately within 1 LSB.

GO TO ELECTRONICDESIGN.COM

This analysis allows designers to estimate the maximum

op> analog input frequency, or sample bandwidth, that the con-

verter can handle and still settle within 1 LSB of error. Beyond
that, the ADC cannot accurately represent the signal. Thus:

F__ =1/(t x number of time constants) or 1/(24 ps x 8.4) =

ma

4.9 6 GHz.
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Keep in mind that this represents a best-case scenario, and For example, the model described will be valid up to 12
the assumption is for a single-pole model ADC front end.  bits. However, for 14 or 16 bits and beyond, a second-order
Not all practical converters will behave this in this manner, model should be employed, because of subtle effects that can
but this is good starting point. cause settling time to stretch out beyond the predicted first-

order models.

Number of time constants a converter needs to settle accurately within 1/2 LSB

40

35 Keep in mind that an ADC’s full-
power bandwidth is different from con-
% verter “usable or sample” bandwidth as
25 defined above. This effect is analogous
= to the FPBW of an op amp, where the
5 20 signal looks more like a triangle and
& a great deal of distortion exists on its
15 output(s). FPBW is the bandwidth that
the ADC needs to acquire signals accu-
10 b | 8| T0B |128 | 4B 168 rately and for the internal front end to
settle properly, i.e., —-6.62 GHz in the

5 example above.
o Selecting an IF and using the convert-

01 2 3 4 5 6 7 8 9 10 11 12 13 14 150 er out in this region is not a good idea.
Time constant (f That’s because performance results will
3. Settling accuracy vs. time constants: Number of time constants an ADC needs to settle widely vary in the system based on the

accurately with 1/2 LSB. rated resolution and performance stated

"Being Wireless™ with ZigBee

Connect with FREEDOM and FLEXIBILITY at your fingertips in a CONVERGING world
MG2470 s a true 2.4GHz system-on-chip (SoC) designed for low- .
power, low-cost applications based on the industry standards such as -

IEEE802.15.4 and RF4CE. The MG2470 uses the ISM band of 2.4~2.48GHz. In
addition to the standard data-rate specified in IEEE§02.15.4, various data-

rate modes (31.25kbps~1Mbps) with channel coding are supported. MG2470 J
(PVG Interface Board) Lol MG2470 ZigBee
The MG2470 involves advanced RF transceiver, baseband PHY, MAC . Hng's Chip
with AES-128 engine, enhanced 8-bit 8051 MCU with internal 64-KB flash E ﬂ:\l .,;-'-“
memory and 6-KB SRAM, and application-specific peripherals. = =
Software Component Sl “2oel ipels Anfsoaa Wh}are co

Device-Programmer MD
Mobile

Home Security
Home i = Analsg
B PO -
" S - : g .
Office PC 4 \
AY® Media Server
g
: N .-
\_\. w1 ] = W
Home. r@‘ il
Automation ,_l
S / 1 \\""-_]..,._
3 A » <
= \ el g
Tem l/ o . S
Cug) - - ]
S -5, 85 -
ystem Modula Climats Contral Appllances
1log, AP
rqd|o @Wj,-e;ess Technology For more information, visit www.zilog.com '
DUIse Sign wi IEBR'ITI-

28 NOVEMBER 2015 ELECTRONIC DESIGN


http://www.zilog.com

in the converter’s datasheet. The FPBW is much bigger than
the maximum sample bandwidth of the converter itself, ~5
GHz as in the aforementioned example.

“Sample bandwidth,” in this case, is where the design is cen-
tered. Any design should avoid using some or all of the highest
frequency portions of the rated FPBW. Not doing so will de-rate
dynamic performance (SNR/SFDR) that could vary widely.

The datasheet doesn’t always provide the sample bandwidth
of a high-speed ADC. To make that determination, follow the
above example.

Typically, today’s datasheets specify this information or
even list production-tested frequencies that guarantee deliv-
ered performance within the converter’s sample bandwidths.
In older ADC generations, though, these test frequencies are
not always shown out to the Fmax defined earlier in the article.

Keep these principles in mind for any signal-chain design.
By request, a spreadsheet analysis can be sent to you highlight-
ing the previously mentioned examples. Feel free to use this
and tailor it to your next design. If you have further questions,
connect with me on Analog Devices’ EngineerZone online
technical support community at RReeder.

Further discussions on how to go about generating a full
signal-chain analysis will be covered in an upcoming Part

2, “Analog Signal-Chain Accuracy” (to appear on electronic
design.com). Finally, remember that simply increasing the
performance or resolution of the ADC in the signal chain will
not increase the measurement accuracy. If the same amount of
front-end noise is still present, the accuracy will not improve.
The noise will only be measured to a more granular degree and
probably cost the designer’s boss more money in the end. &l
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AMERICA 1l ELECTRONICS HAS
expanded its business in Latin
America in response to on-
shoring trends, as well as the
growth of automotive and med-
ical business in places such as
Mexico and Brazil. The distrib-
utor of electronic components
points to Mexico as its fastest-
growing region, but notes that
all of Latin America represents
a considerable market oppor-
tunity—something companies &9
throughout the supply chain are

taking advantage of today.
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“From a market standpoint,

there is a lot of opportunity in | ° ‘ :

the region, especially for our | # é g
;.

company, says Esteban Polan- | Image courtesy of Thinkstocky

co, America IT’s strategic sales ™
director for Mexico. Located
in Guadalajara, Polanco is responsible for the distributor’s

nity. We're kind of the new kid on the block in Latin Amer-
ica, with our new focus in Mexico, so for us the potential is :
huge. We almost doubled from last year to this year from a :

revenue standpoint”
America II has done business in Mexico for more than 10

in 2013 and beefing up its regional inside and outside sales :

teams. Polanco and his team are developing country-specific
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. business strategies in an effort to grow throughout the region
business throughout Latin America. “It’s a huge opportu- :

and become a larger portion of America IT's overall business.

“We're pushing heavily in Latin America,” adds America

IT’s President Brian Ellison, pointing to growth in automotive-

related business in Mexico in particular, and to the market

. for white goods throughout Central and South America as
. well. The distributor is responding by expanding both its
years, but stepped up efforts in the last two years, hiring Polanco :

line card and its sales staff, adding more than 55 franchised

product lines in the last few years—some aimed at serving

¢ Latin American business.
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Such trends are likely to continue. Man-
ufacturing in Mexico has increased at a
higher-than-typical rate over the last three
years, and overall supply-chain growth is

following suit. This condition is expected
to play out over the next five to six years,
according to Scott Stanley, senior vice
president of NAPS, a firm that provides
outsourcing and compliance management
services to a variety of manufacturers look-
ing to expand into Mexico. The growth of
the country’s automotive industry, its more
affordable labor rates compared to other
regions, and the increasing cost of doing
business in the United States and Europe
are key factors.

“It’s sort of a perfect storm,” says Stan-
ley, whose company manages roughly 74
factories and close to 10,000 employees in
Mexico. “To top it off, you've got a strong
dollar against the peso””

Stanley says he sees a variety of com-
panies moving into Mexico for new busi-
ness opportunities—large multinational
manufacturers are opening new locations
there while smaller, one-location firms are
relocating to the region, in many instanc-
es. Although many of these firms are
still sourcing most of their materials and
supplies from outside of Mexico, Stanley
says the Mexican supply chain is grow-

ing as well, as more companies seek local Esteban Polanco, strategic sales director

sources of supply.

“Virtually every manufacturer you can
think of has opened or is in the process of opening [locations in
Mexico],” says Stanley. “[ That is] driving a tremendous increase
in the supply chain as well—and as that goes, the supply chain

growth is significant and will continue”

FOCUSED OPPORTUNITIES

America IT’s Polanco agrees with the potential for supply
chain growth and points to the distributor’s efforts to increase
its local presence throughout Latin America. In addition to
tripling its sales staff in Mexico and nearly tripling its Flori-
da-based Latin America inside sales team over the last three
years, America II plans to add local inventory in the region.
Today, the region primarily is serviced from the distributor’s St.
Petersburg, Fla., warehouse.

“Relationships are important in the United States and
Canada, but down here they are even more important,” says
Polanco. “Brazil likes dealing with Brazilians. As a com-
pany you have to react to that. So we have people [who]
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...We’re kind
of the new

kid on the block
in Latin America,
and with our new
focus in Mexico, so
for us the potential

is huge. ,,

for Mexico, America Il Electronics.

are Brazilian on our team—they are
speaking to customers in Portuguese; they
know the culture.

“Also, if you have a way to get closer to
the customers when it comes to inven-
tory—to provide them with flexibility—it
helps them with cash flow, which is very
important. There are more and more start-
up companies [in the region] doing their
own design. They need that”

Polanco lists Mexico as the great-
est business opportunity for America
II today, followed by Brazil, Colombia,
Argentina, and Costa Rica. In Mexico,
the focus is automotive, aerospace, and
business related to electrical metering.
With regard to the latter area, Polanco
says the country has invested in the con-
version of analog to digital metering, cre-
ating many new business opportunities.
Brazil’s automotive-related business, con-
tract manufacturing base, and telecom-
munications business hold promise, as
does Colombia’s white-goods industry
and Argentina’s auto market. Polanco says
Costa Rica is home to the region’s largest
cluster of medical customers.

“They are very, very good in medical
devices, with many American companies
operating there,” he says. “From a trust fac-
tor, it’s probably the No. 1 place to be. It’s
smaller than the other countries, but there
is a huge plus with medical there”

Polanco’s comments highlight the dif-
ferences in doing business with each country when it comes to
both culture and government regulations. That's why America
I is developing strategic plans by country, rather than devel-
oping one over-arching plan to increase business throughout
Latin America.

Navigating such issues is one of the biggest challenges to
building new business in the region, to which Stanley agrees.

“Most of our clients have multiple concerns: One is just
how to do business [and deal with] government compliance
in Mexico. They want to make sure they are following the
laws properly and that they are taking advantage of govern-
ment incentives to do business in Mexico,” he explains, add-
ing that relocating knowledge and core competencies is often
a greater hurdle to overcome. “The biggest challenge that our
clients have is transferring the knowledge from wherever
they are moving from. They still have to transfer production
and quality control knowledge—and that takes the longest
amount of time” M
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Enhanced PWM Implementation
Adds High-Performance DAC to MCU

DENNIS SEGUINE | CYPRESS SEMICONDUCTOR CORP.

SOMETIMES A DESIGN need more DACs than the mixed-signal
microcontroller has available. An easy solution is to put in
a pulse-width modulator (PWM) circuit and filter it output
with an RC filter. An 8-bit digital/analog converter (DAC) can
have 20-mV resolution from a PWM operating from a 5.0-V
supply, and it’s reasonable to require the AC noise on the RC
filter’s output to be less than a single bit.

The PWM output as seen in the frequency domain is:

Vin) =V,

d+ eri 1) sin(nﬂd)cos(nZﬂf))

where d is the duty cycle, fis the pulse rate (typically the PWM
clock frequency divided by the Period value), and n is the
harmonic number. At 50% duty cycle, the peak-to-peak value
of the first harmonic is 2 x 5 x (2/7) or 6.18 VPP from a 5.0-V
supply. To get this “noise” below a single bit requires a filter

CIK™TT

Comp >, SSDM

Signal density register

1. The Stochastic Signal Density Modulator combines a pulse-width modulator and a linear feedback shift register to reduce noise in the

digital-to-analog function.
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with attenuation of 20 mV/6.18 V = -50
dB at the first harmonic. That means the
RC filter must attenuate the sum of the
PWM’s harmonics by a factor of 300.

At duty cycles above and below 50%,
the peak-to-peak noise at the funda-
mental is lower, so the filtering gets
easier. If the PWM is clocked at 8.0 MHz
with 50% duty cycle, the output pulse
rate is 31.25 kHz. Attenuating the noise
to 20 mVPP takes a filter with a corner
frequency of 104 Hz. That results in a
slow update rate when you change the
‘DAC’ (PWM) value. That’s not a prob-
lem if the DAC is meant to be static, as
for a reference voltage.

However, if you want a faster update
rate, it’s a problem. Using more filter
poles don't help, they attenuate most-
ly the upper frequencies and slow the
response without reducing the low-
order harmonics. A better way to

reduce the noise in the DAC is to modu-
late the PWM output randomly using
a Stochastic Signal Density Modulator
(SSDM). This is a melding of a PWM
and a linear feedback shift register
(LFSR) (Fig. 1).

The LFSR outputs a series of 2n-1
numbers in a pseudorandom order. At
each step, the LESR output is compared
to a threshold value in an n-wide digi-
tal comparator. When the LFSR output
is smaller than the threshold value, the
SSDM output is a logical ‘1’; when the
output is larger than the threshold value,
the SSDM output is a logical ‘0’ (Fig. 2),
where there SSDM output is shown for
two different threshold values.

The average density of the SSDM’s
output is the same as the duty cycle of
the PWM, but the SSDM output is scat-
tered about on the PWM period in a
pseudorandom manner. The density of

the SSDM is modified

by an 8-bit number in

code, essentially iden-
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tical to changing the
duty cycle of a PWM.

=
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A project was built in

a PSoC microcontroller

with PWM and SSDM

at the same duty cycle

and density. In the first

half of the display (Fig.

0

20 40 60

2. The output density of the SDM circuit is a function of the threshold
value, shown here for two different threshold values.

80 100

3), the duty cycle of the
PWM and the density
of the SSDM are at 94%.
In the second half, the

[

duty cycle of the PWM
and the density of the

ﬂ ;

[

SSDM are at 6%.

A look at the results
for PWM and SSDM
outputs at the same

S

frequency and duty
cycle/density, as seen
on a spectrum ana-
lyzer, shows that the

low-frequency content
of the SSDM is lower

S00mV_ & @@ 00wy S @ 200mV &
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than the PWM (Fig. 4).

3. Shown is the PWM and SSDM duty cycle in time domain, with PWM
duty cycle and SSDM density at 94% (first half) and 6% (second half).
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Therefore, it should be
easier to filter.
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Ideas for Design
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4. With lower low-frequency content, the SSDM output is easier to
filter than the PWM output alone; the graph shows the unfiltered
spectrum for PWM and SSDM with a 50% duty cycle.

With density and duty cycle at 50%, the first harmonic of
the SSDM waveform is —-13 dBV (450 mVPP), which is 20 dB
lower than that of the PWM. The harmonic content of the SSDM
waveform is lower than the PWM up through the 8th harmonic
(Fig. 5). The SSDM has higher-level components in the upper
frequency range, but these are easily filtered to the level at which
they don't affect the total noise level. The filter corner frequency
is a tradeoff between lower for noise reduction and higher for
faster settling. It takes a filter on the SSDM output with a corner
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— PWM50

dBv
tn
[=]
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1 10 100
Frequency (kHz)
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5. While the SSDM has more higher-level components in the upper-
frequency range, these can be attenuated with relative ease down to
the level below the total noise level.

frequency of 1.4 kHz to keep the peak-to-peak pulse noise level
below the one-bit resolution. The same filter on a PWM output
results in 10 counts (200 mV) of periodic noise.

At the 8th harmonic, the SSDM output is 2.0 mVPP, which
is one-tenth that of the target noise level. Toggling the PWM
and SSDM from one duty cycle and density shows that the rise
time and settling time are the same for PWM and SSDM, as
they have the same RC filter. The filtered SSDM output clearly
has lower periodic noise (Fig. 6).
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PWDMs can be easily incorporated into almost any micro-
controller. The SSDM can be implemented in standard logic in
Cypress PSoC microcontrollers, CY8C3xxx, 4xXx, Or 5XXx, using
PSoC Creator. The density is modified at run time by writing
to a control register; the comparator is simply an 8-wide imple-
mentation. The PWM, used here for comparison, is a standard
component with the duty cycle also modified at run time.

The SSDM implementation is somewhat simpler in PSoC1
(CY8C24xxx, 27xxX, 28xxX, and 29xxx) with the 8-bit SSDM
being a built-in function of the digital block. The length of the
SSDM sequence (used here for comparison) is set in the GUI,
and the density is selected by using a dedicated API in C, with
this code: SDM_WriteDensity (hex value).

The RC filter is, of course, off-chip. The result of the SSDM
implementation is a PWM-based DAC with the same peak-
to-peak voltage noise as a standard PWM DAC, but with
ten times the bandwidth. Wider DACs and SSDMs of 10, 12,
or 16 bits can be implemented by using more digital blocks
in PSoCl1 or by using flip-flops and XORs up to 16 bits in
PSoC4xxx. The higher-resolution DAC will have correspond-
ingly slower update rates. &%
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6. Although the rise time and settling time are the same for both PWM
and SSDM, the filtered SSDM output has lower periodic noise.

DENNIS SEGUINE has been an applications engineer for
Cypress Semiconductor Corp. since 2000, following many years
of analog, embedded system, and software design for the under-
water, instrumentation, and medical industries. :
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The original, proven, “Resinite™
insulating tubing presents a unigue
combination of low cost coupled
with hggh mechanical strength and
good dielectric properties. [t will
support lugs and terminals and can
be fabricated to specifications. Will
accept dip and hand soldering of
terminals. Can be embossed for
threaded cores. Also available in
U/L flame retardant grade.

To receive literature & details fast:
www.pptube.com

Precision Paper Tube Co.

1033 5. Noel Ave., Wheeling, IL 60050
Phone: 847-537-4250

Fax: BAT-537-5777

Email: sales@ pptube.com

More than 75 Years - The Original

FREE KEYSTONE’S NEW
M65 CATALOG!

152 multi-color pages
with over 5,000 quality
electronic interconnects
and hardware. Hundreds
of new products and
updates in imperial and
metric  sizes, spec’s,
photos and drawings.

Keystone Electronics Corp.
Visit www.keyelco.com for a FREE copy.
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BILL WONG | Embedded/Systems/Software Editor

bill. wong@penton.com

Where Have All the
Gamers Gone?

The last few years have been a bit flat for CPU performance for gamers, but not

o

oy
b

so for GPUs. If “you got game,” then using the latest GPUs will deliver the best

gaming experience.

aming is all about performance, but there
have been few gains on the CPU side. Game
developers are taking advantage of multiple
CPU cores in the latest processors as the
number has been increasing, but the performance of the indi-

vidual cores has been relatively flat for
the past few years. The challenge is that
the CPU cores are large, so provid-
ing a massive increase in core count
is unlikely.

GPUs have similar challenges, but
there are a number of factors that have
allowed growth of graphics perfor-
mance. Increasing the number of cores
has been more practical than with
CPUs, and features like high band-
width memory help, as well.

AMD’s compact R9 Nano (Fig. 1)
highlights the improvements that
GPUs have been going through
for the past few years. The R9 Nano
incorporates on-chip, 4,096-b wide,
high-bandwidth-memory (HBM) to
feed the 4096 stream processors in the
28-nm Fiji GPU. The board only uses
175 W versus the 300 W of high-end,
full-length boards.

HBM puts a 3D DRAM memory
stack on top of a silicon interposer layer
along with the GPU die. This does a few
things: First, it provides a wider inter-
face than would be practical for off-chip
memory. Second, it brings the memory
closer to the GPU cores. Third, it pro-
vides a more power-efficient memory
subsystem. Finally, it is more compact
compared to off-chip memory.
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1. AMD’s compact R9 Nano
incorporates on-chip, high-
bandwidth memory (HBM) to help
deliver high graphics performance.

2. The HBM in the R9 Nano includes four stacks of
four DRAM die for a total memory channel width of
4096 bits.

This R9 Nano HBM implementation has four die stacks
with two 128-b memory channels per die (Fig. 2). This pro-
vides a 1,024-b channel. Four stacks provides the 4,096-b bus.
The stacks are also found in the longer but more powerful
Fury and liquid-cooled Fury X GPU boards, also from AMD.

These deliver top-end gaming
performance to multiple displays.

The R9 Nano and its siblings
support Microsoft DirectX 12
and Microsoft Windows 10.
DirectX 12 includes a host of new
features, including Explicit Mul-
tiadapter support for multiple
GPU solutions. This could be
multiple GPU boards or to take
advantage of a CPU/GPU com-
bination like Intel’s latest Silver-
lake as well as AMD’s Accelerated
Processing Unit (APU) in combi-
nation with a GPU board like the
R9 Nano (see “APU Blends Quad
Core x86 With 384 Core GPU” on
electronicdesign.com). DirectX 12
is the target for the latest crop of
PC games. It is also providing a
more efficient link to the under-
lying hardware.

So if you are looking to
improve your gaming system,
then don’t worry if your moth-
erboard and processor are a few
years old. Instead, take a look at
replacing your GPU. If you are
building a new platform, then
you might save a few dollars
using an older processor chip
with a few more cores. =
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Rail-to-Rail Comparators Interface to 1.8V CMOS and LVDS

Our new rail-to-rail comparators combine UltraFast performance, small packages and a whole lot of features. The
LTC®6754 LVDS comparators support toggle rates up to 890Mbps and 1.8ns propagation delay. The LTC6752 comparators
interface to CMOS down to 1.8V, exhibit a propagation delay of 2.9ns and support toggle rates up to 280MHz. Available
features include a separate output supply, shutdown, output latch, adjustable hysteresis, and complementary outputs.
With high performance and a wide selection, the result is true design flexibility.

¥ Info & Online Store

Part # Toggle | Prop | outout | Package | 2 | Adhsae oupt | o T g www.l?near.com/product/LTC6752
ar Rate | Delay utput | Fackage | supply | Hysteresis | Latch | ™" louputs|  www.linear.com/product/LTC6754
SC70 ] 1-800-4-LINEAR
LTC6754 |890Mbps| 1.8ns LVDS
QN2 | o | o [ e | o | e
LTC6752 S0T23 ; =
LTC6752-1 SC70 o | o e
LTC6752-2| 280MHz | 2.9ns CMOS | MSOP8 | e ® ° ° ! o
LTC6752-3 QFN12 | e L4 L4 L ° LT\
LTC6752-4 SC70 | @ video.linear.com/5174

AT, LT, LTC LTM, Linear Technology and the Linear logo are
registered trademarks and UltraFast is a trademark of Linear
Technology Corporation. All other trademarks are the property
of their respective owners.
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