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THERE ARE SO MANY WAYS
TO EXPERIENCE IMS!

ATTEND A WORKSHOP OR SHORT COURSE!

IMS Workshops and Short Courses offer practical, application-
oriented material to advance your career! Whether you’re a
seasoned professional, recent graduate, or student, IMS will
provide a variety of topics that appeal to academia and industry
alike. Hear the latest developments in R&D for emerging areas
or hone your skills in a specific microwave subject.

IMS brings together the largest concentration of top engineers
and scientists in the RF & Microwave Field. IMS2013 will also
be home to over 50 first time exhibitors! From the exhibition
floor, to a variety of social activities, IMS is THE place to
network with colleagues and companies both established
and new.

VARY YOUR VIEWPOINT!

RF & Microwave technology is always on the cutting edge and
that comes with lots of varying opinions. Panel Sessions are a
great way to engage with colleagues on the forefront of these
hot topics. The open discussion format is perfect for sharing a
variety of viewpoints and getting the inside track on

future directions!

: & WHAT WILL YOUR EXPERIENCE BE? 1
9 REGISTER TODAY AND SAVE UP TO 25%!

K3 L] (5] SHARE YOUR IMS STORY

COMPLETE CONFERENCE DETAILS ARE AVAILABLE AT:
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CS1615/16 Provides Extended Dimming

Range of Zero to 100 Percent.
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CS1615/16: New LED driver ICs drive down cost |
while maintaining best-in-class performance

Cirrus Logic continues to set the standard for dimmer compatibility
while enabling a cost-competitive bill of material for high-volume,
low-cost lamps. Through patented digital algorithms, the new
cost-reduced single-stage CS1615/16 sets industry benchmarks for
flicker-free performance, extended dim range and minimum dimming
— with a significant performance advantage on smart dimmers.

Like their Cirrus Logic LED driver IC predecessors, the CS1615/16
includes output open circuit protection, output short circuit
protection and external over temperature protection using NTC. And
a small form factor makes designs easier and enables solutions for
smaller form factor lamps, including GU10. All at a total BOM cost
comparable to single-stage solutions.

¢ Best-in-class dimmer compatibility w
¢ Flicker-free operation across all types of dimmers
* Enables zero-100% dim range

e Compatible with smart dimmers

® Supports isolated or non-isolated topologies

=,

¢ Bill of material equivalent to single-stage competitors s
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Stay current at www.cirrus.com/edcs1615

and request a free sample. ’ ! ! 3 ’ ; ! ! '
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—_— ] g ©2013 Cirrus Logic, Inc. All rights reserved.
e ( IRRUS ! O G I‘ Cirrus Logic, Cirrus, the Cirrus Logic logo
N designs are trademarks of Cirrus Logic, Inc.
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High-Voltage Buck Control ICs for
Constant LED Current Regulation

EMI Filter Rectifier IC and Switches LEDs
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LED Current vs Input Voltage
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LEDrivIR™ *
Input Voltage
Part Gate Startup
Number SEERD L Drive Current Current HeHene
IRS2980S S0-8 450V +180/-260 mA <250 pA <150 kHz
IRS25401S S0-8 200V +500/-700 mA <500 pA <500 kHz
IRS25411S S0-8 600V +500/ -700 mA <500 pA <500 kHz

‘ for more information call 1.800.981.8699 or visit us at www.irf.com

IRS2980 Features

e |nternal high voltage regulator
e Hysteretic current control

e High side current sensing

© PWM dimming with analog or PWM
control input

e Free running frequency with maximum
limiting (150kHz)

IRS2980 Benefits

© [ ow component count

e Off-line operation

e \ery simple design

e |nherent stability

e [nherent short circuit protection

Demo Board Specifications

e Input Voltage 70V to 250V (AC)

e Qutput Voltage 0V to 50V (DC)

e Regulated Output Current: 350mA
e Power Factor>0.9

e Low component count

e Dimmable 0 to 100%

¢ Non-isolated Buck regulator

International

Rectifier

THE POWER MANAGEMENT LEADER
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Prodded by government and pri-

vate initiatives to save on energy and
become eco-friendly, LEDs are improving
and grabbing a greater share of the market.

36: Understanding LED Application Theory And Practice | oo . eevaees}

ENGINEERING ESSENTIALS ¢ Don Tuite nistrihulion 8
Resource

43: Top Distributors
Anticipate Modest Growth

In 2013 ¢ Victoria Fraza
Kickham

Learn some basics about how LEDs work,
how their manufacturers characterize them,
and how circuits that drive and/or control

them are designed.
52: McClendon Prepares

Golumns
Allied For Global

EDITORIAL | Joe Desposito Challenges In A Slow
13: LED Lamp Mimics Cozy Incandescent Lighting : Economy « Victoria Fraza

14: LEDs Line Up To Replace Residential Incandescent Bulbs : 54 Switches Get Smaller And
LAB BENCH | Bill Wong More Specialized s Victoria

Fraza Kickham

ﬁ ) ENERGY ZARR | Richard Zarr Kickham

80: Standards Bring CCFL And LED Technologies To Light
56: Industry Leaders Connect
At EDS e Victoria Fraza

Kickham
EDITORIAL MISSION: : 58: Defense Spending Tops
To provide the most current, accurate, and in-depth technical :

coverage of the key emerging technologies that engineers need Distributors ’ Concerns o

to design tomorrow’s products today. Victoria Fraza Kickham

ELECTRONIC DESIGN (ISSN 0013-4872) is published monthly with an extra issue in June and October by Penton Media Inc., 9800 Metcalf Ave., -
Overland Park, KS 66212-2216. Paid rates for a one-year subscription are as follows: $120 U.S., $180 Canada, $240 International. Periodicals 60
postage paid at Shawnee Mission, KS, and additional mailing offices. Editorial and advertising addresses: ELECTRONIC DESIGN, 1166 Avenue of .
the Americas, New York, NY 10036. Telephone (212) 204-4200. Printed in U.S.A. Title registered in U.S. Patent Office. Copyright ©2013 by Penton .

: Today’s Supply Chain

Media Inc. Al rights reserved. The contents of this publication may not be reproduced in whole or in part without the consent of the copyright RequlreS Stl‘onger Llnks °
owner. For subscriber services or to order single copies, write to Electronic Design, PO Box 2100, Skokie, IL 60076. POSTMASTER: Send change - . . .
of address to Electronic Design, PO Box 2100, Skokie, IL 60076. Canadian Post Publications Mail agreement No. 40612608. Canada return - V]Ctorla FraZa chkl'lam

address: IMEX Global Solutions, P.0. Box 25542, London, ON N6C 6B2.

ELECTRONIC DESIGN GO TO ELECTRONICDESIGN.COM 5


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

m\ mouser.com

The Newest Products for Your Newest Designs®

Po =
e el |

i Tras
NETRUMENTS
Acthanze Dustrita

= Dur 20,000 Procucts in Stock
Q.. R |

* MAknga,

New Products
New Technologies
Added Every Day

“E':' Authorized distributor of semiconductors MOUSER

and electronic components for design engineers. ELECTRONICS.


http://mouser.com

THE AUTHORITY

| ]
oo @l@CErONIC
TECHNOLOGIES FOR d H
DESIGN SOLUTIONS eS|gn

Vol. 61 No. 5 05.02.13 |electronicdesign.com

Techuiew

16: Recent ZigBee 2 -

Standards Target w L & ‘l‘t
Lighting Applications | -

COMMUNICATIONS * Louis E. § < et

Frenzel : A
-

64: Design A Lower-Cost Touchscreen System | Chitiz Mathema
and Christiana Wu ¢ Cypress Semiconductor

68: Great Thermal Design Enhances LED Reliability |

Darvin Edwards ¢ Contributing Technical Expert

17: Versatile Smart-Building
LED Dimmer IC Family

Provides Design Flexibility
| POWER ¢ Don Tuite

Vac —]
(upto 304 V), |88EMB042
H ac-de

72: Use An LED Dot-Graph Display To Complement Your DVM Readout | Nedjeljko Lekic and Zoran

Mijanovic ® University of Montenegro

73: Lamp Eliminates Need For Limit Switches In Flap-Motor Control | Gunnar Englund * GKE Elektronik AB

Engineering

79: AD INDEX

Electronic Design Products

74: LED Lighting Depends On Drivers | Antony Corrie * Harvard

78: Displays & Indicators; Power Sources | Electronic Design Staff

Penton

Design Engineering & Sourcing Group

Permission is granted to users registered with the Copyright Clearance Center Inc. (CCC) to photocopy any article, with the exception of those for
which separate copyright ownership is indicated on the first page of the article, provided that a base fee of $2 per copy of the article plus $1.00
per page is paid directly to the CCC, 222 Rosewood Drive, Danvers, MA 01923 (Code No. 0013-4872/94 $2.00 + $1.00). Copying done for
other than personal or internal reference use without the express permission of Penton Media, Inc. is prohibited. Requests for special permission
or bulk orders should be addressed to the editor. To purchase copies on microfilm, please contact National Archive Publishing Company (NAPC)
at 732-302-6500 or 800-420-NAPC (6272) x6578 for further information.

ELECTRONIC DESIGN GO TO ELECTRONICDESIGN.COM

THE 2008

SEoDiE
=ZZIE
2008 Winner
_SILVER _
EXCELLENCE EDITORIAL
IN MAGAZINE AWARD OF
DESIGN EXCELLENCE



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

electronic
design

05.02.13 |electronicdesign.com

Electronic Design is now on Facebook! Check us out for daily updates, exclusive content,
and timely discussions. All you have to do is go to www.facebook.com/ElectronicDesign

REAL-TIME VS. SAMPLING
OSCILLOSCOPES '

Joel Woodward | Agilent Technologies

"

The path to digitalization for
both real-time and sampling
scopes is essentially the same,
but the underlying technology
for each varies dramatically.

=
=
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MOORE’S LAW MAKES HOUSEHOLD
ROBOTS POSSIBLE

Bill Laumeister | Contributing Technical Expert

Improvements in micro-
processors have enabled
modern lifestyle that relies on robots to do
the dirty work not only in industry but also
around the office and around the house.

QB AVATAR TELEPRESENCE
‘| ROBOT LETS YOU GO TO WORK
VIRTUALLY

Don Tuite | Analog/Power Editor

The QB Avatar tele-
presence robot from
Anybots enables any-
one to assume a virtual
presence in a remote

| location and connect
and communicate from
anywhere in the world.
See the video at engi-
neeringTV.com.

CALCULATIONS

Chris Downey | Laird Technologies !

Wireless designers need to identify the

Software tools guide code develop-

- ment and test to bring better prod-
ucts to market for high-reliability

= applications

ENGINEERING ESSENTIALS
UNDERSTANDING WIRELESS RANGE

O, 0]

|1 1 e
T " A PRACTITIONER'S GUIDE TO
f CRITICAL SOFTWARE CERTIFICATION

Jared Fry and Shan Bhattacharya | LDRA Lzd.
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factors involved in calculating range and
accurately estimate it to ensure reliable communications links in

their devices.

NYU WIRELESS
DIRECTOR THEODORE
RAPPAPORT

Louis E. Frenzel |

Communications Editor

As the volume
of wireless
communica-
tions grows,
two challeng-
es are emerg-
ing. First, how
will we manage all of this
traffic? Second, where will
we find the engineers who
will solve
these next-
generation
problems?

DESIGN BRAINWAVE
COMBINES EEG EFFICIENCY
WITH ELEGANCE
Paul Whytock | Editor
in Chief

Imec and Panasonic

have developed a wireless EEG system
that uses ultra-low-power electronics,
continuous impedance monitoring, and
active electrodes to improve the quality
of EEG signals recorded in clinical
settings.
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Radicom Research desians
and builds reliable, high-
performance, simple to
implement embedded Wi,
Bluetooth, GPS and PSTN
modem modules for OEM’s,
competitively priced.

WiFi 802.11b/g/n
USB / Serial interfaces
-40°C to +85°C operating temp.
Available AP and device

V.2.0, V.3.0 and V.4.0 (BLE)
Serial TTL interface
SPP, HID, A2DP, Audio support
-40°C to +85°C operating temp.

PSTN Modems

N
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USB, Serial TTL, RS232, ISA
PC/104 available
Leased-line & Dial-up
Up to 56kbps data, fax, voice
-40°C to +85°C operating temp.

Founded in 1993, Radicom

We can quickly engineer to your
Specs or recreate one from our

us for your modem needs,
wireless or wired.

YRadicom

Affordable Modem Technology

www.radi.com

modems@radi.com
408-383-9006 x112
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Your work is fast-paced.

Now there’s a digital multimeter

that can keep up.

Agilent Digital Multimeters. Speed. Accuracy. Confidence.

You deserve throughput among the
fastest in the industry. That's what
you'll get with the Agilent 34450A
5% Digital Multimeter. It also gives
you more connectivity options for
transferring and analyzing data on a
PC. In short, it’s built to anticipate
everything you need to succeed.

Agilent and our
Distributor Network

Scan or visit Right Instrument.
http://qrs.ly/mp2dv9h Right Expertise.

to view 34450A Delivered Right Now.
video demos

© Agilent Technologies, Inc. 2013

)

800-463-9275
www.newark.com/agilent

34450A Digital Multimeter, 5': digits

High speed 190 readings/sec throughput
New OLED display Real-time statistical
parameters
Histogram analysis
Simple pass/fail limits

Easy connectivity ~ USB, serial interface (RS-232)
and GPIB

Limited-time offer: FREE upgrade to
50k memory and GPIB licensing key:
www.newark.com/Agilent_DMM
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system design environment
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software and reconfigurable hardware to accelerate the development of your system. ! L oy
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Editorial

JOE DESPOSITO | EDITORIN-CHIEF joe.desposito@penton.com

LED Lamp Mimics Gozy
Incandescent Lighting

WELcoME To our annual One Bright Issue, where
we cover the latest in LED and display technolo-
gies. I thought I would write about a couple of
LED products that I saw at Electronica late last
year and International CES earlier this year.

WHAT COLOR IS YOUR LED LAMP?

At Electronica, I had a long talk with Radu Surd-
eanu, principal scientist at NXP Semiconductors.
He explained that many people are dissatisfied
with the light that’s emitted by LED bulbs and
lamps, at least compared to the good old incan-
descent light bulb. This is espe-
cially true when dimming the
LED bulb.

With incandescent bulbs,
light becomes “warmer” as the
bulb is dimmed. This essen-
tially means the color of the
light changes as the incandes-
cent bulb dims. Since this isn’t

I asked a representative from NXP if this tech-
nology would remain in lamp form or be incor-
porated into a bulb, but she said the company has
not released any products using it yet. If you want
to find out more, NXP’s R&D team has produced
a video available on YouTube at http://youtu.be/
bRieORS6gIw.

A NEW BULB FROM RAMBUS?

Known for its prowess in memory technology,
Rambus has developed a new LED bulb—well,
not exactly. But Rambus did buy a company that
had developed a new LED bulb
technology. When I walked by
the Rambus booth in January at
Pepcom’s Digital Experience,
a small trade show the evening
before the exhibits open at CES,
I stopped dead in my tracks and
tried to digest the news.

John Thomas, a vice president

the case with LED bulbs, NXP NXP's “sensorless sensing” technology at Rambus, explained how the

researchers set out to mimic drives down LED system costs by

LED bulb works. Instead of pro-

those color changes. The idea eliminating external temperature sensors, ~ viding direct lighting, the LEDs
is to give consumers the same reducing the size of the heatsinks required shine on a light guide that pro-
lighting experience they are used for LED system cooling and significantly ~ vides the illumination.

to with incandescents.

The solution NXP developed
is based on “sensorless sensing” technology. As
you dim an LED lamp with this technology, the
light appears warmer and cozier (see the figure).
Developed and patented by NXP, the solution not
only affects the light, it also drives down LED
system costs by eliminating external temperature
sensors, reducing the size of the heatsinks required
for LED system cooling and significantly improv-
ing reliability.

Surdeanu explained how NXP makes an LED
mimic an incandescent when dimming. First, the
company combines white and amber LEDs to cre-
ate colors that are most pleasing to the human eye,
following the black-body radiation curve. Then it
implements a logarithmic correction for eye sensi-
tivity that entails an analytical model for achieving
the desired color points while dimming. Finally,
it uses the sensorless sensing technology to mea-
sure LED junction temperature directly, which
provides accurate, efficient real-time temperature
correction—a must for reliable control of LED
performance under any conditions.

improving reliability.

ELECTRONIC DESIGN GO TO ELECTRONICDESIGN.COM

The cylindrical, edge-lit light
guide—the bulb uses three
of them—is patterned with MicroLens optics to
deliver the maximum amount of light from the
LEDs. Using this technique, the Rambus light bulb
provides an efficient, controlled light distribu-
tion without the need for additional diffusers that
can reduce efficiency. By varying the size, shape,
density, and location of the MicroLens optics in
the light guide, the bulb delivers an even, spheri-
cal, and high-quality light distribution, just like a
traditional incandescent.

You can view a video of the Rambus bulb on
Engineering TV at www.engineeringtv.com/vid-
eo/Rambus-Debuts-New-LED-Light-Bul. This
technology is not just for bulbs, though. Thomas
showed me a modern lamp that used the same tech-
nology, sans bulb.

At home, we’ve switched out most of our incan-
descents for compact fluorescents, not LED bulbs.
My chief complaint with fluorescents is the warm-
up period until they achieve full brightness, not
with the color. LED bulbs will certainly solve this
problem, and I'm sure I'll be trying some soon. Xl
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incandescent light bulb passing 130 years
in age, we should have an economical and efficient replace-
ment by now. Compact fluorescent lamps (CFLs) boast higher
efficiency but include toxic mercury. Other candidates such
as exotic RF plasma bulbs have been investigated for non-
commercial use, but they have issues as well.

Previous LED replacement fixture (bulb) designs have been
relatively expensive and suffer from poor life spans, even
though they have excellent efficiency. But as other market
forces beyond efficiency drive the selection of next-generation
residential light sources, LEDs are standing their ground.

A BRIGHT HISTORY

Artificial light has been with mankind since the dawn of the
fire age. It has let us continue activities that normally would
require daylight and extended the time when people could
be social or productive. The arrival of oil lamps and candles
civilized artificial light into a technology for extending the day
past sunset. With the industrial age came gas lighting, which
lined the streets of many cities. Yet it wasn’t until the late 19th
century that electric lighting, first in the form of arc lamps and
later incandescent filament lamps, was introduced.

For more than 100 years, the incandescent bulb was ubiqui-
tous in homes across most of the globe. But only a small per-
centage of its light is visible, and this trait has been well exploit-
ed. Over 90% of the emission spectrum of an incandescent bulb
falls in the infrared (non-visible) range (see the figure).

Incandescent light bulbs are highly inefficient for visible
lighting tasks, and replacements have entered the market.
Competing technologies such as florescent lighting and low-
pressure metal lamps are now widely available. The CFL often
has been used as a symbol for eco-friendly technology due to
its high efficiency, despite the small amount of toxic mercury
metal it includes.

LEDS Line Up To Replace Residential
Incandescent Bulhs

Today there are many options for lighting technology,
mostly driven by the need for higher efficiency. Some light-
ing technologies such as high-pressure sodium (HPS) lamps
achieve extremely high efficacies on the order of 150 lumens
per watt (Im/W), primarily because the strong atomic sodium
D-line emission mostly is in the visible spectrum. They also
exhibit long lifespans on the order of 20,000 hours until
failure. These lamps can be found in street and outdoor area
lighting. But due to the strong yellow emission, they are not
optimal for general lighting.

SOLID-STATE LIGHTING

In the last 10 years, great improvements have been made
in the efficacy of LED emitters. White LEDs with efficacies
exceeding 100 Im/W are common. However, there are cost
constraints still associated with LED lamps. To help bridge the
gap, the U.S. Department of Energy hosted the L-Prize contest
to drive competition and reduce the price of producing LED
bulbs. Philips won the 60-W L-Prize, and the bulb is available
for purchase today. All of the bulbs entered in the contest are
designed to retrofit a standard fixture, and standard TRIAC
dimmers can dim many of them, including the Philips design.

Nevertheless, the need to be compatible with dimmers and
operate off of higher voltages found worldwide complicates
the electronics and raises the cost of the bulb. Additionally,
these bulbs only replace the conventional bulb in a standard
fixture. For example, the BR30 light is found in many homes
with recessed lighting across the U.S. It screws into the stan-
dard Edison E26 (26 mm) socket, which only supplies high-
voltage (110 V ac) alternating current.

Such replacement LED lights must deal with an environ-
ment designed specifically for the incandescent bulb. Most of
an incandescent filament-based light source’s emission is in
the infrared range, which is heat. The heat is “radiated” away
from the bulb, which has been exploited
as heating elements for restaurant passes
and the early Easy Bake Ovens from
Kenner (later Hasbro).

LED emitters, however, do not radi-
ate waste heat. They need to conduct
it away instead, which introduces yet
another engineering challenge in retro-
fitting a fixture designed more than 100
years ago. This leads to strange looking
designs with fins and sometimes even
active elements, such as the Nuventix
SynJet cooling technology.
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The emission spectrum of an incandescent bulb mostly falls into the invisible infrared region.

14

THE FUTURE OF RESIDENTIAL LIGHTING
There is a market for millions of
replacement bulbs that are far more effi-
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cient than the old incandescent versions.
Still, other forces beyond energy savings
ultimately will drive more sophistication
into home lighting. Beyond efficiency,
LEDs offer additional features that have
yet to be fully realized by designers, such
as the ability to change color.

Tricolor (red, green, blue) fixtures
allow color mixing, which can change
the look of a space and affect mood. A
recent area of study called color psychol-
ogy is connecting colors with feelings.
The color blue, for instance, is thought to
instill feelings of relaxation and comfort.
Using this knowledge, Boeing’s new jets
have tray lighting with blue and white
LED emitters to help passengers relax.

The ability to change color brings
another dimension to the traditional dim-
ming paradigm, requiring controls either
in the infrastructure or the fixtures them-
selves. One solution is to add wireless
technologies such as ZigBee, 6LoPAN,
or 802.11 (Wi-Fi) inside the fixture,
along with standardized protocols for
communication. Controls then can be
as simple as a mobile application on a
cell phone to change the color or level of
lighting in a room.

The problem today is the lack of stan-
dards for the communication physical
layer and the protocol. Unlike the simple
and ubiquitous E26 socket, a wirelessly
connected mesh networked light fixture
needs standards for adoption. The indus-
try may find applications in commercial
settings first, but ultimately a minimum
number of standards will be required for
this kind of control to reach the home.

When it does, a new power system
will be needed. Like the E-Merge Alli-
ance commercial standards proposals,
there needs to be a residential dc power
grid. High-voltage transmission won over
Edison’s dc transmission by reducing the
resistive losses in cables over long dis-
tances. This is fine for large-scale trans-
mission, but most of our modern devices
run on dc low-voltage power.

Every electronic device that has an ac
power plug also has a complex power
supply to convert that high voltage to the
correct internal dc voltages required to
operate the electronics. Several propos-
als for a standardized dc connector, or
at least a residential dc bus, have been

introduced. However, no standard yet
has been adopted. Additionally, a dc plug
standard could also bring Ethernet or
other wired communication standards
into the plug, allowing for a physical
layer that is already widely deployed. 3

RICHARD ZARR is a technologist at Texas
Instruments focused on high-speed signal
and data path technology. He is a mem-
ber of the IEEE and holds a BSEE from the
University of South Florida as well as several
patents in LED lighting and cryptography.

Looking to save energy?

CFE 400M SERIES -

High Efficiency Power Supplies

Can't find a solution? Mo need to lose sleep over it, # Small Size: 1.6" x 4" x 7"
TDK-Lambda has the new digitally controlled CFE-M

series of 400W power supplies with efficiencies as high 4 85-264VAC Input

as 94%.

& 12V to 48V Outputs

Don't want fan cooling? The CFE400M will deliver 300W
without forced air cooling and has both IEC 60950-1 (ITE)
and |EC 60601-1 (Medical BF rated) safety certifications.

# Five Year Worranty

4 0.5W Standby Power

Don't get caught cat-napping, contact TDK-Lambda for ¥ By B b Bodonilont Biperoion

an evaluation unit or check our website for distribution

inventary. 4 Standby Voltage

http://us.tdk-lambda.com/Ip/products/cfe-series, htm # Remote On/Off & DC Good signals

STDK

For more information on how TDK-Lambda con help you
power your unigue applications, visit our web site af
www.us.tdk-lambda.com/Ip/
or call 1-B00-LAMBDA-4

ELECTRONIC DESIGN GO TO ELECTRONICDESIGN.COM


http://electronicdesign.com
http://www.us.tdk-lambda.com/lp/

REGENT ZIGBEE STANDARDS TARGET LIGHTING APPLICATIONS

wo new standards from the ZigBee Alliance
are a great fit for lighting applications:
Light Link and ZigBee IP. Based

: upon the IEEE 802.15.4 stan-

: dard for personal area networks, Zig-

: Bee works in the 2.4-GHz unlicensed

industrial, scientific, and medical

: (ISM) band and adds extra layers to

¢ the protocol to implement wireless mesh\

. networks (see “What’s The Difference

. Between IEEE 802.15.4 And ZigBee

¢ Wireless?” at electronicdesign.com).

. Light Link is a ZigBee application

: as well as an open global standard

: designed for consumer lighting and

: control products. It lets consumers implement wireless

: control over all of their LED fixtures, light bulbs, timers,

: remote controls, and switches (see the figure). For example,

: they can easily change lighting remotely to develop the right

: environment for ambiance or a task. It also helps manage

: energy consumption.

. With Light Link, all of the various lighting products form

. aself-organizing, self-healing mesh network that can be

¢ controlled over the Internet via computers, tablets, or smart

. phones. The protocol also makes it easy to add new items

: or delete items. Best of all, the ZigBee Alliance’s testing

: program ensures that all certified products interoperate for

: foolproof application. The Light Link standard is now fully

GROWTH EXPECTED

Overall U.S. television shipments will decline for a second
year in a row in 2013, says the IHS iSuppli U.S. Televi-
sion Market Tracker Report. Yet growth will resume as
LCD TVs like Panasonic’s 55-in. TC-L55WT50 regain
some of the market
strength they lost in
| the past year, with
. 3% growth in their
segment this year
and 6% growth in
2014, pulling the
overall market out
of its slump.
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With ZigBee Light Link, consumers can control all
of the enabled lights in the home from a tablet or :
smart phone by way of a wireless gateway or router. layers and an application framework.

ratified and ready for distribution. Go to www.Zig-
Bee.org/LightLink for more information.
ZigBee IP is an open specification for
I IPv6-based wireless mesh network-
ing solutions that provides Internet
connections to control low-power,
low-cost devices like LED lighting.
It targets companies creating wireless
solutions for energy management or
commercial and consumer applications. It
enhances the basic IEEE 802.15.4
standard and ZigBee mesh architec-
ture by adding network and security

The IP application provides a
scalable architecture for IPv6 networking and lays the
foundation for the Internet of Things without the need for
intermediate gateways. It offers a cost-effective and energy- :
efficient wireless mesh network based on standard Internet :
protocols such as 6LoWPAN, IPv6, PANA, RPL, TCP, TLS,
and UDP. It also features proven security using the TLS1.2
protocol, link layer frame security based on the AES-128-
CCM algorithm, and support for public key infrastructure
using standard X.509 v3 certificates and the ECC-256
cipher suite. A ZigBee Alliance testing program will certify
interoperability. Details are available at www.zigbee.org/IP.

www.zigbee.org LOU FRENZEL

Driven by smart phones
like Samsung’s Galaxy
S4, active-matrix organic
LED (AMOLED) panels
designed for mobile
handset applications will total 447.7 million units in
2017, up from 195.1 million in 2013, according to the
IHS iSuppli Emerging Displays Service.

OndseT

To Hit 447.7 Million
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VERSATILE SMART-BUILDING LED DIMMER
IC FAMILY PROVIDES DESIGN FLEXIBILITY

With Marvell’s 88EM8801 fam-
ily of LED-control ICs, LED
lighting fixture manufac-
turers can create new, more
sophisticated products for
smart office buildings and
factories. The devices pro-
vide 10-bit precision pulse-
width modulation (PWM)
dimming control for two
LED strings. The light out-
put level can be precisely
varied from full brightness
down to 0.1% deep dimming.

A one-time programmable
(OTP) memory block lets
lighting manufacturers cali-
brate each string to its respec-
tive target LED current
during manufacturing. As a
result, manufacturers don’t
need to hand-select LEDs by
bins for consistent brightness
from fixture to fixture.

Red LEDs can be mixed
in the string with cool white
LED:s or bluish green LEDs
to create light with desirable
“warm” correlated color
temperature (CCT) char-
acteristics or a high color

rendering index (CRI) for
matching lighting effects to
natural sunlight. An I>C-
compatible two-wire serial
interface (TWSI) that can
connect with many different
communication units, such
as ZigBee, power-line com-
munications (PLC), or Wi-
Fi, provides lighting control.

A two-stage, four-channel
smart external LED driver
reference design kit sup-
ports designs up to 40 W.
The basic kit comprises one
88EM8042 baseboard and
two 88EM8801 controllers.
It also can be enhanced with
optional plug-in modules
that support ZigBee RF
or wired 0-10V or Digital
Addressable Lighting Inter-
face (DALI) wired control,
enabling lighting manufac-
turers to provide more pre-
cise dimming, occupancy
sensors, and precise color
management (see the figure).
MARVELL
www.marvell.com

DON TUITE

Marvell’s 88EM8042 starts with a basic board (upper left) that

constitutes the ac-dc stage for multiple 88EM8801 drivers and an I>C
interface that operates with the company’s ZigBee RF and DALI wired
controllers or a simple microcontroller programmed to handle the
traditional 0-10V interface that’s the industry’s long-standing standard
for old-fashioned dimmable lighting.
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LEDS =0
Gain &

GroHQq

Prodded by government and
private initiatives to save on energy
and become eco-friendly, LEDs are
improving and grabbing a greater
share of the market.

he use of solid-state LED light bulbs

is catching on, driven by better perfor-

mance and lower costs. This is particu-

larly obvious in the commercial and

industrial sectors as well as in outdoor

and infrastructure lighting. Despite their

initially higher upfront costs compared to existing

lighting solutions like incandescent and fluorescent

bulbs, LEDs are proving to be more cost-effective
and provide greater energy savings in the long run.

By most estimates, non-residential locations like

manufacturing plants, business offices, commer-

cial buildings, and infrastructure and other outdoor

facilities account for half or more of all the energy
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consumed by lighting. Many governments and companies worldwide
are taking measures through funding to help reduce this energy usage
through the use of more efficient LED bulbs and fixtures.

The United Kingdom’s Energy Efficient Financing (EEF) scheme
for non-residential users covers upfront costs of lighting equipment,
with repayments over time aligned with lower energy-saving utility
bills. The EEF was started under the U.K.’s Carbon Trust and Ger-

— many’s Siemens Financial Services Ltd.

Cash for Clunkers, a supplier of Eagle LED lighting tubes in Phila-
delphia, Pa., is spurring its customers to save up to 50% more energy
by reimbursing a portion of what their present T12 fluorescent bulbs
are worth. The company also is covering the cost of their removal and
the new installations.

A WIDE RANGE OF APPLICATIONS

LED bulbs are widely used for infrastructure (bridges, tun-

nels, street lighting, highways), stadiums, parking lots, air-
ports, and events. For example, they were prominent in the
commemoration of the 25th anniversary of the iconic San
Francisco Bay Area Bridge with what the event’s organiz-
ers called the world’s largest light sculpture. The project
involved more than 25,000 LED bulbs from Philips Semi-
conductor, installed on the suspension cables stretching 1.8
miles on the western span of the bridge and reaching heights
of 500 feet (Fig. 1).

LED lighting is also prominent in historic and municipal
structures. LEDtronics employs its post-top LED lamps to illu-
minate City Hall in Pasadena, Calif., as part of the city’s plan to
replace all of its much higher-dissipation metal-halide bulbs (Fig.
2). Pasadena is one of the early cities that signed on to the U.S. Con-
ference of Mayors Climate Control Agreement in 2005 to reduce ener-
gy waste, cut maintenance costs, and promote a greener environment.

LED lighting is also growing in automotive and consumer electron-
ics display backlighting applications. Edge lighting for digital signage
is getting more popular too. Strategies Unlimited projects the $13.7
billion LED worldwide component market to grow to $16.4 billion
by 2017, at a compound annual growth rate of 3.7%. Lighting consti-
tutes the largest growth sector of the market. Solid-state lighting is an
international trend as well, with China aiming to be a major player (see
“China Emerges In The LED Market,” p. 24).

The U.S. government’s estimate for future growth of LED light
bulbs of all types is telling. The Energy Information Administration
estimates that total sales of all light bulbs, LEDs included, will fall by
40% by 2015, with LEDs making up a continuing larger portion of the
total market. This is because LEDs will last longer once installed, so

Bridgelux’s Vero Technology

allows the production of users won’t have to change them as often in subsequent years.

LED chips with increased Growth in the consumer and home markets is picking up speed, but
luminous output by 20% but at a slower rate than the commercial sector. Major LED bulb manufac-
at the same power level. It turers like Philips, Osram Semiconductor, and General Electric (GE)
employs modular connectors as well as mass-market retailers like the Home Depot, Lowe’s, Wal-
and other design innovations Mart, and Best Buy are aggressively taking advantage of lower initial
to make it easier to create costs, offering low-cost LED light bulbs to make them more attractive
lighting fixtures, leading to a and appealing to home owners.

greater variety of fixtures at A 40-W equivalent LED light bulb like the EcoSmart at the Home
lower price points. Depot now can be had for about $10. Philips is offering a three-pack
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1. Some 25,000 Philips Semiconductor LED bulbs light up the iconic San
Francisco Bay Area Bridge with what the city calls the world’s largest light
sculpture. The lighting commemorates the 25th anniversary of the bridge.

2. LEDtronics’ post-top LED bulbs illuminate the historic and municipal City
Hall of Pasadena, Calif. It is part of municipal efforts to replace citywide
metal-halide bulbs for a greener city environment.

set, the Hue, at Apple Computer stores as part of a kit that
includes hardware and software. For about $200, the Hue kit
lets users control their lights including color changes via their
tablets and smart phones.

Major LED bulb makers like Cree Lighting and Philips
Lighting are offering consumers looking to retrofit their
lamps’ 60-W equivalent A-lamp LED light bulbs for less
than $15. Cree’s bulbs offer omnidirectional light distribu-
tion and include dimming support. They range in price from
$9.97 (6-W equivalent 450-Im 2700K bulb) to $13.97 (60-W
equivalent 800-Im 5000K bulb) (Fig. 3). Philips is offering
LED bulbs for $14.97 (60-W equivalent 800-Im 3000K bulb)
without the dimming capability.

BETTER PERFORMANCE

Brighter and higher-efficacy LED light bulbs continue to
emerge. Light-output and efficacy levels are effectively dou-
bling every six months. Philips Lighting’s Luxeon S emitter
LEDs deliver the highest luminous density and the best center-
beam candle power on the market. At twice the lumen den-
sity of existing offerings, the second-generation illumination-
grade multi-chip emitters offer an R9 value (R9 is a measure
of the color-rendering index, or CRI) that exceeds 80 and has
a 50% better color over angle figure compared to other LED
bulbs. Designed for architectural and entertainment applica-
tions, they deliver 50 Im/mm? and a light output of up to 8000
Im in narrow beams with sharp shadows.

Correlated color temperatures (CCTs) now range from
2700K to 6500K with CRI values ranging from 70 to 95. So,
LEDs now can be used for a broader range of applications.
Luminous LED efficacy is also on the rise. Many LED semi-
conductor manufacturers regularly obtain efficacies in the
100- to 160-Im/W range.

Cree broke the 10,000-Im barrier with an expanded family
of integrated LEDs that deliver the industry’s highest-efficacy
lighting class arrays. The CXA2540 and CXA3050 deliver
5000 to more than 10,000 Im, enabling high track lights and
downlights, outdoor area lighting, and high bay lighting.

20

Some experts say that 200-lm/W efficacies can be reached
by 2016. Cree Lighting achieved higher efficacy levels in the
lab a couple of years ago. The company now claims that it has
achieved 276 Im/W from a white LED bulb in an R&D setting.

Lifetimes for LED bulbs are also improving to 50,000 hours
or more, a benchmark set by the U.S. Department of Energy
(DoE) for commercially available LED bulbs. 3M plans to sell
450-1m 40-W and 60-W equivalent LED light bulbs at Wal-
Mart with a 25-year lifetime for $25. The key is the use of the
company’s multi-layer optical film, adhesives, and clever ther-
mal management that allows the bulb to dissipate just 8.5 W.

Gallium-nitride (GaN) on GaN technology also forebodes
well for the future of LED performance. Soraa has demon-
strated that GaN on GaN can handle significantly more current
and emit 10 times more light per unit area than conventional
LEDs. Last year, the company demonstrated a 12-V ac MR16
lamp with integral drivers that operates with several combina-
tions of transformers and dimmers. The standard 2700K and
3000K versions boast a CRI of 80. A high-CRI version of 95
won the prestigious Red Dot Award (Fig. 4).

MHT Lighting also offers LED lighting fixtures where the
application calls for them. MHT is the design and manufactur-
ing arm of PMI. In keeping with PMI’s focus on energy sav-
ings, it uses PMI’s SP1000 hybrid energy management and cor-
rection system (see “Intelligent Energy Optimization System
Slashes Large-Scale Electric Bills” at electronicdesign.com).

One of the most important parameters governing LED light
bulb performance and lifetime is how it is driven. The imple-
mentation of the right driver circuit, thermal management,
dimming control, and reliability are all key elements in an
LED light bulb’s success (see “Understanding LED Applica-
tion Theory And Practice,” p. 36).

MORE FORMS FOR GREATER FLEXIBILITY

To compensate for different design life cycles for LED
chips and illumination end products, chip manufacturers are
packaging their die into various forms for greater end-user
flexibility. Some packaging options combine a chip-on-board
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3. Cree’s Filament Tower arrange-
ment for an A-lamp LED bulb uses
20 LEDs, arranged in 10 pairs in

a circular manner, that leads to a
lower-cost product for consumers.
It uses Cree’s phosphor-coated
XLamp-E high-voltage LEDs.

(CoB) arrangement, where
several LED die are clustered
to form a round shape that pro-
vides optimal efficiency and
light quality. Most LED light
sources are rectangular and
square and covered by a lens
or plastic coating.

Solid-state lighting uses
various LED form fac-
tors like strips, straight and
angled bars, canopies, mod-
ules, domes, track lights, light
sticks, pucks, and troffers to
make for more interesting
and appealing lighting solu-
tions. For example, the LED
modules in the XSM family
from Xicato produce 3000 Im
for brighter and more efficient
illumination.

Of course, packaging sev-
eral die in a small enclosure
involves careful thermal
management with heatsinks
and other techniques, which
many chip makers are offer-
ing with their die. This is particularly
true for some applications like automo-
tive exterior lighting that cannot tolerate
designs that take up more space like fans
and cooling systems. Thermal-interface
materials that work with the LED’s sub-
strate are finding favor.

“There’s more to LED lighting than
meets the eye,” says Arunava Dutta,
director of R&D LED Lamps, Americas,
General Lighting, at Osram Sylvania. “A
good knowledge is needed in chemistry,
colorimetry, optics, mechanical issues,
thermal management, and a host of other
sciences to optimally design a lighting
fixture. Ultimately, everything shows up
in the Im/W number.”

Sylvania says it has designed very light-
weight LED lamps in PAR20, PAR30,
and PAR38 form factors that weigh one-
fourth the weight of conventional retro-
fit fixtures, thanks to very good thermal

Lens retaining ring

Lens

LED light chip assembly

/ Driver support cap

Origami driver board

Power pins
7 Driver housing

=6

management and advanced integrated
driver circuitry.

A new packaging technology allows
Bridgelux to produce LED chips that
increase luminous output by 20% but at
the same power level. The Vero Technol-
ogy employs modular connectors and
other design innovations to make it easi-
er to create lighting fixtures, leading to a
greater variety of fixtures at lower price
points (see the opening figure).

Cree’s XLamp ceramic-based XQ
LEDs feature a unique combination of
small size, novel light distribution, and
high-reliability design to enable applica-
tions that require broader light distribu-
tion such as omnidirectional lamps and
fixtures (Fig. 5). Designed to accommo-
date upgrades as well as new construc-
tion, the company’s improved LEDway
series of LED streetlights offers a 20%
additional energy savings over previ-
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The SR625 combines the atomic accuracy of a rubidium timebase with the best available
single-shot time resolution (25 ps) of any counter — at an unbelievable low price. It measures ti
interval, frequency, period, phase, pulse width, event counting, and much more.

* Rubidium atomic timebase

» 2 GHz prescaler input

» 25 ps single-shot time resolution

- 11-digit frequency resolution (1 s)

- Statistical analysis & Allan variance
» GPIB and RS-232 interfaces

The SR625 Frequency Counter consists of a frequency counter (SR620), a high-accuracy
rubidium timebase (PRS10), and a 2GHz input prescaler. The rubidium timebase ensures
excellent frequency accuracy with a long-term drift of less than 5x 10-1"/month.

The SR625 is ideal for critical measurements like clock jitter, pulse-to-pulse timing, oscillator
characterization, and frequency stability. Please contact us for details.
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Audio Transformers
Impedance Levels 10 ohms to 250k ohms,
Power Levels to 3 Watts, Frequency Response
+3db 20Hz to 250Hz. All units manufactured
and tested to MIL-PRF-27. QPL Units available.

Power & EMI Inductors

Ideal for Noise, Spike and Power Filtering
Applications in Power Supplies, DC-DC
Converters and Switching Regulators

Pulse Transformers

10 Nanoseconds to 100 Microseconds.
ET Rating to 150 Volt Microsecond,
Manufactured and tested to MIL-PRF-21038.

Multiplex Data Bus
Pulse Transformers

Plug-In units meet the requirements

EngineeringFeature

ous versions and
improved lumi-
nous output.

SOFTWARE TOOLS EASE DESIGNS
Software is becoming an indelible
tool for making the design of LED bulbs
and fixtures more flexible and simpler.
The WebBench Designer tool suite from
Texas Instruments includes powerful
software algorithms and visual interfaces
that deliver complete power, lighting,
and sensing applications in seconds.
“This is one tool that vastly simplifies
the complexity of LED-based designs,
especially for newer designers,” explains

4. Soraa has demonstrated that GaN on GaN can handle sig-
nificantly more current and emit 10 times more light per unit
area than conventional LEDs. Its 12-V ac MR16 lamp with inte-
gral drivers operates with several combinations of transformers
and dimmers.

John Perry, TI’s product marketing man-
ager for lighting and power products.

The LightTools software tool suite
from Synopsys Corp. is an illumination
design environment that integrates 3D
CAD, optical modeling, and an interac-
tive user interface to simplify the design
of illumination applications, including
LED die packaging and LED-driven illu-
mination systems.

SMARTER LIGHTING

LED lighting technology will make
its mark on society through greater
intelligence and more connectivity, a
trend that has already begun. Speaking

CHINA EMERGES INTHE LED MARKET

¢ The Chinese government views the growth of the LED industry as a national security
matter. As a result, it is driving a vast LED manufacturing effort and offering subsidies from

: central and local government agencies to help build its own LED industry. In 2010, China

. embarked on an ambitious “Many Cities, Many Lights” program for streetlamp lighting to
help its own LED industry. China has been in the LED bulb business for more than a decade
* but has more recently concentrated its efforts to acquire LED growth and manufacturing

know-how.

of QPL-MIL-PRF 21038/27.
Surface units are electrical equivalents
of QPL-MIL-PRF 21038/27.

DC-DC Converter

Transformers

Input voltages of 5V, 12V, 24V And 48V.
Standard Output Voltages to 300V (Special
voltages can be supplied). Can be used as self
saturating or linear switching applications. All
units manufactured and tested to MIL-PRF-27.

400Hz/800HZz

Power Transformers

0.4 Watts to 150 Watts. Secondary Voltages 5V
to 300V. Units manufactured to MIL-PRF-27
Grade 5, Class S (Class V, 155°C available).

AS 0150 REV'D

Call toll free 800-431-1064

in NY call 914-738-1400

Fax 914-738-8225

‘ I CO Electronics, Inc.
143 Sparks Ave. Pelham, N.Y. 10803

E Mail: info@picoelectronics.com
www.picoelectronics.com

Chinese local government agencies have anointed companies like Xiamen SanAn Photoelec-
tric Co. and Electro-Tech International Co. Ltd., offering subsidies to purchase metal-oxide
: chemical vapor deposition (MOCVD) technology, offering free land and other incentives for
the establishment of LED plants and companies.
: The Chinese government questions the need for 50,000-hour lifetimes being pursued else-
: where and believes a lower figure is more practical for applications requiring medium-output
to low-output LED bulbs. It has been writing its own standards and testing methodologies for
¢ shorter-lifetime LED:s.
: Advanced Micro-Fabrication Equipment Inc. (AMEC), China’s leading provider of
¢ advanced process technology for LEDs, offers dielectric and through-silicon via (TSV) etch
tools. Two months ago, it launched an MOCVD platform for the low-cost, high-volume
manufacture of high-brightness LEDs, the patented Prismo D-Blue, which is extendable to
: the manufacture of gallium-nitride (GaN) on silicon applications. It can accommodate up to
four independently controlled reactors and can process up to 216 2-in. wafers simultaneously.
¢ According to the company, this capability is extendable to 4-, 6-, and 8-in. wafers.
: “The solid-state lighting market is an essential element of our growth strategy,” says
Zhiyou Dj, sensor vice president and general manager of AMEC’s MOCVD product busi-
* ness division.

China’s Chongquing Silian Optoelectronics & Technology Co. Ltd., an established sup-
: plier of materials, devices, and systems for the lighting industry, is partnering with Soitec, a
: European manufacturer of semiconductor materials, to jointly develop GaN template wafers
. using Silian’s sapphire substrate and Soitec’s HVPE technology. The aim is to validate the
' manufacturability and commercialization of GaN-based LEDs, which are viewed as the next
step in LED development.
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Supertex inc.

LED Driver ICs

e Sequential Linear LED Driver ICs 6 c g

Dimming | Parallelable | Package | Features

‘ Etggg? 90 - 275VAC 70-350VDC ;;gmﬁ Phase Compatible Yes QFN-33 No capacitors or magn(_rics

Device | Application | Topology | Input Voltage | Output Current Dimming Package Options
HV9803 DC/DC Buck 7.0-13.2V External FET PWM/Linear SOIC-8
HV9821 AC/DC, DC/DC Buck/Linear 10-700V Integrated FET No DFN-19
HV9861A DC/DC Buck 12-450V External FET PWM/Linear SOIC-8, SOIC-16
HV9912 DC/DC Boost, SEPIC, Buck-Boost 9.0- 100V External FET PWM SOIC-16
HV9963 DC/DC Boost, SEPIC, Buck-Boost 8.0-40V External FET PWM/Linear SOIC-16

e General Purpose LED Driver ICs

Device ‘ Application Topology ‘ Input Voltage ‘ Output Current Dimming Package Options
HV9801A AC/DC Buck 15-450V External FET 4-level switch SOIC-8, SOIC-16
HV9861A | AC/DC,DC/DC Buck 12-450V External FET PWM/Linear SOIC-8, SOIC-16
HV9910B | AC/DC, DC/DC Buck 8.0-450V External FET PWM/Linear SOIC-8, SOIC-16
HV9910C | AC/DC,DC/DC Buck 15-450V External FET PWM(/Linear SOIC-8, SOIC-16
HV9921 20mA
H¥Bg§§ AC/DC Buck 20 - 400V ggmﬁ No TO-92,SOT-89
HV9930 DC/DC Hysteric 8.0-200V External FET PWM SOIC-8
HV9931 AC/DC Single-switch PFC 8.0-450V External FET PWM SoIC-8
HV9973 DC/DC Flyback 7.0-11V External FET PWM SoIC-8

e Current Linear Regulator ICs e @

Device | Output Current | Dimming | Parallelable | Package Options
CL2 5.0-90V 5.0-90V 20mA External FET Yes TO-252,T0-92, SOT-89
CL25 5.0-90V 5.0-90V 25mA External FET Yes T0-92, SOT-89

CL320 20mA

CL325 6.5-90V 4.0-90V 25mA PWM Yes SOIC-8, w/Heat Slug

CL330 30mA

CL520 20mA

CL525 4.75-90V 1.0-90V 25mA - Yes TO-252,T0-92

e LED Driver ICs (AEC-Q100 Certified) 6

Device Application Topology | Input Voltage Output Current | Dimming | Package Options
AT9917 Automotive Boost, SEPIC 5.3-40V External FET PWM/Linear TSSOP-24
AT9919 Automotive Buck 4.5-40V External FET PWM DFN-8
AT9932 Automotive Boost-Buck (Cuk) 5.3-40V External FET PWM/Linear TSSOP-24
AT9933 Automotive Boost-Buck (Cuk) 9.0-75V External FET PWM SOIC-8

To download datasheets, visit www.supertex.com and search the device number.
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EngineeringFeature

5. Cree’s XLamp ceramic-based XQ LEDs feature a unique combination of
small size, novel light distribution, and high-reliability design that addresses
applications requiring broader light distribution such as omnidirectional
lamps and fixtures. Applications include downlighting, recessed fix-
tures, can lights, retrofit bulbs, color-changing lighting, portable and
personal lighting, outdoor lighting, and more.
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MORMSUN® Is not only a manufocturer but also provides odded value & solutions with our
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at last year’s Street
and Area Lighting
Conference (SALC),
keynote speaker Niels Van
Duinen, global marketing director
at Philips Lighting, said that “adap-
tive control can bring energy savings
up to 80% through the use of smarter
LEDs.” He foresees solutions on unified
networks connecting street and other
infrastructure lighting that offers greater
user control through using Internet pro-
tocol (IP) communications.

Redwood Systems helps lighting
fixture developers achieve smart LED
lighting through sensing and driving
innovations. “We put three sensors in
each lighting fixture in a pod: an infra-
red (IR) sensor for motion detection, a
temperature sensor, and an ambient light
detector, allowing the user to cut down
on unnecessary waste of power, like
when no one is in a room, an office is not
occupied, a plant is idle, and a building’s
heating ventilating and air conditioning
(HVAC) is not in a peak demand time,”
says Marco Sciorelli, head luminaire
specialist at Redwood Systems.

AN ALTERNATIVE TO LEDS

An alternative illumination method,
induction lighting, offers longer life-
times (up to 100,000 hours), lower main-
tenance costs, superior lumen mainte-
nance (70% output at 60,000 hours),
better color matching, and greater energy
savings than LEDs. Like a fluorescent
bulb, an induction bulb uses mercury in
a gas that’s inside the bulb. It doesn’t use
electrodes to strike the arc and initiate
current flow, though, so it’s arc-less. A
high-frequency generator with a power
coupler produces an RF magnetic field
that excites the gas.

Induction lighting provides a maxi-
mum return on investment for applica-
tions where bulbs are difficult to access
and change, resulting in lower overall
maintenance costs. However, they can-
not be focused on a spot or area (due to
the nature of the bulb’s operation) and
aren’t fully dimmable. MHT Lighting’s
patented A-19 induction light bulbs and
fixtures are designed for indoor, outdoor,
and roadway applications in various
forms like domes, bars, strips, and cus-
tom formats. 3
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Ever wished for a
better bench scope?

Warranty program

The new R&S®RTM: Turn on. Measure. available until June 2013:
Easy handling, fast and reliable results — exactly what users expect Register your new scope and get a
from a bench oscilloscope. Rohde & Schwarz opens the door to five year warranty instead of three!

a new world: Work with two screens on one display. Access all www.scope-of-the-art.com/ad/warranty.
functions quickly. Analyze measurement results while others are
still booting up. See signals where others just show noise.
That's the R&S®RTM.

Ever wished there was an easier way? Ever wished for more
reliable results? Ever wished you could do your job faster?

Then take a look.
www.scope-of-the-art.com/ad/rtm-video

ROHDE&SCHWARZ
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FOR EYEBALLS _

Today’s display technologies are attempting
to deliver the best viewing experience for the
lowest cost and least power in the thinnest
packages around.

isplay technologies have always competed with each other,
but there has never been such a wide variety of approaches.
For example, many displays now incorporate touch tech-
nology, expanding the possible number of solutions.
The challenge lies in delivering the best viewing expe-
rience while meeting a range of requirements that depend
on the application. Today’s displays must offer great color, high reso-
lution, and fast refresh rates. They also have to be rugged, thin, and
inexpensive. Size and viewing distance come into play as well. And,
they can’t consume that much power.

ON THE MARKET

Apple’s iPad led the way to high quality (Fig. /). With a resolution of
264 pixels/in., its Retina display provides non-pixelated images, assum-
ing 20/20 vision and a viewing distance of at least 15 in. or a tablet’s
typical viewing distance. Apple’s iPhone 5 has a higher resolution of 326
pixels/in. with a typical viewing distance of only 10 in.

A measurement that takes viewing distance into account is pixels per
degree (PPD). The retina display starts at about 53 PPD. The actual reso-
lution of the screen becomes less of an issue for mobile devices once this
limit is reached.

On the other hand, large displays tend to be limited by resolution and
standards. HDTV 720p (1280 by 720 pixels) and 1080p (1920 by 1080
pixels) displays now dominate. The p stands for progressive scan versus
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the interleaved scan utilized by old-style televisions and
some HDTVs. In the past, computer monitors with reso-

lutions higher than television were common. These days
they tend to be the same with high-resolution monitors
being the exception rather than the rule.

The next step up will be 4K Ultra High Def (UHD
or Ultra HD) with a resolution of 3840 by 2160 pix-

1. Apple’s latest iPad (right) leads in the use of high-definition
displays in mobile devices, requiring a closer look to see the differ-
ence between its Retina display and its predecessor (left).

MyMultitouch’s Alvero 84-in., 4K UHD multitouch display is
likely to find a home in museums or other high-traffic areas
where people need to interact with high-res displays.
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els, which is four times the resolution of
1080p (Fig. 2). Double 4K and you get
8K UHD. The 7680- by 4320-pixel 8K
Ultra HD is great for displaying images
from a 33.2-Mpixel camera.

The problem for 4K and 8K in the con-
sumer space will be content delivery, but
that’s another discussion. Keep in mind
that the RED EPIC digital camera that’s
used to shoot many of the latest films has
a DCI 4K output with 4096- by 2160-pixel resolution (see
“Prometheus Takes Flight With Cutting-Edge VFX Technol-
ogy” at electronicdesign.com).

DISPLAY TECHNOLOGIES

LCDs have become the dominant display technology,
though there are challengers like organic LEDs (OLEDs).
LCDs come in a variety of forms, but they require a light
source. Reflective LCDs use an external source like the sun.
Transreflective displays reflect and transmit light so they can
employ backlighting technology. Reflective and transreflec-
tive displays are useful in sunlight where a backlight source
would be washed out. Backlighting allows viewing in the dark
and provides better control of the display quality.

Most mobile and HDTV LCD displays are backlit. There
are several ways to do this, but basically a light source is
placed behind the display. Cold cathode fluorescent (CCFL)
lighting used to be common, though it has been replaced by
LED backlighting. LEDs are more expensive, but they are
more reliable. They also provide improved control and a
wider color gamut. And, they are very small.

The LEDs normally are placed behind the display or on
the edge (Fig. 3). Different approaches are used based on the
thickness of the display. Edge-mounted LEDs allow a very
thin display, and this approach is often used on smaller dis-
plays. Larger displays that are thicker allow placement of the
LEDs behind the display.

The simplest implementation keeps the backlight on at a
consistent level. This works for either approach. The other
alternative is dynamic backlighting, also called local dim-
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3. Backlit LCDs are typically lit using an array of LEDs behind the display
(top) or from the side (bottom).
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2. 4K Ultra HD doubles
today’s 1080p displays.

ming. In this case the LEDs are indi-
vidually controlled and changed based
on what is being displayed. The LED
intensity affects an area, unlike other
displays such as OLEDs where indi-
vidual pixel control is possible.

This condition is a challenge because
the display controller needs to account
for lighting from both the LED back-
light perspective and the LCD perspec-
tive since the LEDs affect overlapping regions of the screen.
Likewise, the controller needs to account for the speed at
which the LCD and the LEDs can change. Dynamic backlight-
ing is possible regardless of the LED placement.

Dynamic backlighting reduces power consumption and
improves color quality because it allows darker areas on the
screen. However, it requires significantly greater controller
complexity and produces visual artifacts like halos around
bright objects. The type and impact of artifacts depends on the
quality of the control algorithm, the hardware, and the image
being displayed. The worst case would be a bright star field on
a black background.

LCDs have been getting thinner and lighter while using less
power. They have also been getting larger, with displays over
80 in. readily available.

OLED displays provide their own light. Each pixel is indi-
vidually controlled, and they provide brighter, higher-contrast
displays compared to conventional LCDs. OLEDs come in
passive matrix (PMOLED) or active matrix (AMOLED) ver-
sions. Samsung’s Galaxy S4 will ship with a 5-in. AMOLED
1080p display (Fig. 4).

OLEDs are even more power-efficient than LED LCDs.
Plus, they have a wider field of view that exceeds 165°.
They are brighter with higher contrast than LCDs, which are
designed to block light. They’re used in small, battery oper-
ated devices like smart phones
because they’re brighter and
require less power.

Additionally, OLEDs can be
used to make thin, flexible dis-

plays. Samsung demonstrated
large and small flexible dis-
plays at January’s International
CES in Las Vegas (Fig. 5). The
displays are not available yet,
but they will offer some inter-
esting design options.

OLED displays can be built
using three methods. Vacuum
deposition or vacuum ther-
mal evaporation (VTE) is one
method, but it is expensive and
inefficient. Organic vapor phase
deposition (OVPD) also has been 4. Samsung's Galaxy S4
used. It generates a thin film using  will utilize a 5-in. AMOLED
a low-pressure, hot-wall reaction display.

the resolution of
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chamber with a carrier gas to deliver
evaporated organic molecules onto a
cool substrate. Finally, OLED displays
can be built inexpensively using ink-
jet technology, enabling the creation of
very large displays.

Sharp’s IGZO (indium gallium zinc
oxide) OLED displays range from 4 to
32 inches. The company demonstrat-
ed a 32-in. 4K IGZO display at Janu-
ary’s International CES. Like OLEDs,
IGZOs are more energy efficient than
LCDs, have faster switching, and deliv-
er brighter, higher-contrast images.

Sharp’s thin-film transistor (TFT)
technology employs a C-axis aligned
crystal (CAAC) structure (Fig. 6). Nor-
mally, a crystal is aligned in the A, B,
and C axis. The CAAC structures are
only aligned in the C axis, allowing
the crystals to be employed in films.
A crystal typically would have a cubic
structure. The technology may also
have applications outside of the display realm.

IGZO has some characteristics found in older CRT dis-
plays. The on-screen data is maintained for a short period of
time even when power isn’t provided. This is different from
but functionally similar to the CRT phosphors, helping to
reduce power consumption. And when mixed with a touch
interface, IGZO displays drastically minimize the noise relat-
ed to touch input for a more accurate touch response.

-

TOUCHING THE DISPLAY
Touch is critical to the smart-phone and tablet markets, with
digital stylus activity taking off as well (see “The Year Of The

B

Gaor Zn . o

0.

5. Samsung demonstrated flexible displays at
January’s International CES in Las Vegas.

Digital Pen” at electronicdesign.com).
A thinner display is useful for mobile
devices, but accurate touch and stylus
responses are key. Reduced noise from
the display greatly improves accuracy
and speed, providing a much better
user experience.

Microsoft’s Surface tablet is one
place where displays, touch, and stylus
are coming together. The Surface uses
a conventional LCD along with Win-
dows 8 and an Intel Core i5 processor.
The Surface Pro and Surface RT plat-
forms compete with Apple’s iPad and
the array of Android-based tablets like
Amazon’s Kindle Fire (see “Will Apple
Take On The Kindle Fire And Nexus 7
Tablets?” at electronicdesign.com).

Capacitive touch systems dominate
the smaller end of the display spectrum
from smart phones through tablets and
all-in-one PCs (see “Trends In Capaci-
tive Touch Panels” at electronicdesign.
com). They mesh well with LCD and OLED technologies.
The Kindle Touch and a few other e-readers used infrared-
based sensors, but they have been eliminated by the falling
costs of capacitive systems.

Resistive touch systems are used on displays up to 17 in.
The technology tends to be used where capacitive touch sys-
tems won’t always work such as with gloved fingers. Fujitsu’s
Feather Touch technology addresses two of the issues that had
prevented resistive touch systems from being selected: pres-
sure and multitouch support.

The four-wire system reacts like capacitive systems
instead of requiring a significant amount of touch pressure. It

YYYYYYYY ;®
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6. Sharp’s planar C-axis aligned crystal (CAAC) structure can be used in films.
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can also handle two-finger gestures like
pinch and zoom. Resistive touch sys-
tems fit industrial, medical, and other
demanding application areas.

At the high end, there are platforms
like MyMultitouch’s $43,100 Alvero

(see the opening figure). The 84-in.,
4K Ultra HD display has a multitouch
interface that can be tickled by up to 32
fingers at one time. It likely will find a
home in museums, high-tech lobbies,
or maybe the latest police TV show. It
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plugs into a 4K Ultra HD display card
and has Windows 8 multitouch support.
It can be mounted on the wall or as a
table. The multitouch system is infra-
red-based.

THE NEXT GENERATION

Transparent displays and 3D displays
also are emerging. Planar is deliver-
ing transparent displays like the 32-in.
open-frame LT3200, and Crystal Dis-
play Systems offers Samsung-based
transparent displays up to 70 in.

Transparent displays may look great
on TV shows, but their primary use
now is in retail merchandising, trade
shows, points-of-sale, and museums
(see “Transparent Displays Move From
Sci-Fi Into Digital Signage” at electron-
icdesign.com). They are expensive, and
brightness and transparency make them
challenging for general use. They’re
designed to show what’s behind them,
though seeing what’s behind the display
can be rather distracting.

3D HDTVs that use active and pas-
sive 3D glasses are generally avail-
able. The marginal success of the 3D
aspect of these products is really due
to the limited 3D content. There also is
additional cost because of the glasses,
which are getting lighter but can still
be annoying. The cost and annoyance
would be less of an issue if the content
were more compelling. 3D content on
cable is almost non-existent and usually
available at a premium.

3D display technology that doesn’t
require glasses has been steadily
improving and on display at trade shows
for a few years. It may eventually reach
the consumer realm, but that is probably
a decade away for large screens. It’s
more practical on small displays now.
Hopefully the content will catch up by
the time they are more common.

THE OUTLOOK

For now, LCDs will continue to dom-
inate simply because of availability.
OLEDs have crossed the horizon and
represent a challenge to LCDs, making
a designer’s choice more of a challenge
since different technologies must be
considered. The tradeoffs aren’t always
apparent, and each has its strengths and
weaknesses. 2
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Jerry Fishman
1945-2013

Thank you.

For your intellect, your challenges, your

never-ending support and for always expecting more.
For your candor, wit and humor that inspired us all.
For your respect and commitment to the global
family that is ADI.

We are shocked and saddened by the
loss of our CEO, colleague and friend.
We extend our deepest sympathies to your family.

To paraphrase you—it’s how you manage transitions
that determines if you will prosper and last.

This transition will be the hardest of all.
Because of you, we are up to the challenge.
Collectively and individually, we are better. ..
thanks to you.

The 9,000 employees of Analog Devices, Inc.
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LED.

AND PRACTIGE

y

Learn some basics about how LEDs work, how their manufacturers charac-
terize them, and how circuits that drive and/or control them are designed.

EDs are the most efficient way to turn
an electric current into illumination.
When a current flows through a diode
in the forward direction, it consists of
surplus electrons moving in one direc-
tion in the lattice and “holes” (voids
in the lattice) moving in the other. Occasionally,
electrons can recombine with holes. When they do,
the process releases energy in the form of photons.

This is true of all semiconductor junctions, but
LEDs use materials that maximize the effect. The
color of the light emitted (corresponding to the ener-
gy of the photon) is determined by the semiconduc-
tor materials that form the diode junction.

The latest high-brightness (HB) white LEDs are
made possible by semiconductor materials that
produce blue or ultraviolet photons. In addition to
the diode, an HB package contains “yellow” phos-
phors on the inside of its lens. Some “blue” photons
escape, but others excite the phosphors, which then
give off “yellow” photons. The result can be tuned in
manufacturing to produce “white” light.

Lots of engineering relates to controlling the qual-
ity of this light, with several ways to interconnect
multiple LEDs to increase and manage light output.
The general approach is to drive series strings with a
constant current, but there are subtleties to interfac-
ing the drivers with ac supplies and control schemes.
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ELECTROLUMINESCENCE

When current is flowing forward through a semi-
conductor junction diode, each time an electron and
ahole recombine, energy is released as a photon. The
color of the light (the energy of the photon) is deter-
mined by the energy band gap of the semiconductor
material. Aluminum gallium arsenide (AlGaAs)
yields red, indium gallium nitride (InGaN) yields
green, and zinc selenide (ZnSe) yields blue.

The light from red, green, and blue LED diodes
can be combined to produce white light, but with
limited brightness. More commonly these days,
HB white diodes combine a blue InGaN diode with
a yellow phosphor, usually cerium-doped yttrium
aluminum garnet (Ce3+:YAG) on the inside of the
device package. Photons from the phosphor are per-
ceived along with photons from the diode junction.

Broadly speaking, the eye perceives the result as
white. More narrowly, it’s a bit more complicated.
There is a quantum effect called Stoke’s shift in
which a photon emitted by the phosphor has less
energy than the photon it absorbed from the blue
LED (Fig. 1). In an HB white LED, a fraction of
the blue light is Stokes-shifted. LED makers take
advantage of this phenomenon by using multiple
phosphor layers with different photon energies
to spread the emitted spectrum, which results in a
more natural lighting effect.
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LUMINOUS EFFICACY

LEDs for lighting are rated in terms of luminous efficacy: the
ratio of luminous flux to electrical input power. It is expressed
in lumens/watt. Lumens are defined in terms of the light from
a source that emits a standardized level (one candela) of lumi-
nous intensity (which most people would call brightness) of
over a solid angle of one steradian. Those units account for the
sensitivity of a human eye by accounting for something called

the luminosity function, which standards bodies have agreed
represents the eye’s response to different wavelengths.

In other words, the lumen part is calibrated to what has been
decided is an average human’s visual system. For a rough
comparison, the sun has a luminous efficacy of 93, and an
ordinary tungsten light bulb has a luminous efficacy of 15. The
best HB LEDs today hit between 130 and 150, and the rate of
improvement doesn’t seem to be flattening out. That doesn’t

Much of the challenge in creating dimmable drivers
for replacement bulbs is shrinking the circuitry that
fits into the screw-in base. Two of Marvell’s recent

~designs address the challenge in a conventional base
(left) and a much smaller one (right).
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Intensity

Stokes shift

i

Absorption Emission

Wavelength

I. High-brightness LED makers use the Stokes shift to spread the “yellow”
portion of the device’s light that comes from phosphors that are excited
by the blue light from the diode. The activated material emits photons

at a different wavelength than the photons it absorbs. By using multiple
“yellow” phosphors, they achieve a higher CRI, at the cost of some lumi-
nous efficacy.

mean they’re brighter than the sun, though. They’re just more
efficient than the sun’s thermonuclear reaction at putting out
photons at the wavelengths we can see. In fact, they’re 10 times
more efficient at it than old-fashioned light bulbs.

CRI & COLOR BINNING
Using multiple “yellow” phosphors with a blue or ultraviolet
LED improves the color-rendering index

with phosphors that emit photons for different colors that when
mixed add up to white light. According to Cree, most of the
recent advances in HB white LED manufacturing arise from the
techniques used for depositing the phosphor so it will be struck
by the maximum number of primary photons and will, in turn,
radiate the maximum number of secondary photons in an opti-
mum pattern. In other words, just laying down a “glob” of phos-
phor on top of the diode junction isn’t a very good approach.
(An “optimum pattern” facilitates the use of lenses and reflec-
tors in shaping the light from all the LEDs in the fixture.)

LED PACKAGING AND PRICING

Basic optical principles create a bit of difficulty in getting
photons out of the diode semiconductor material, which tend
to have high refractive indices. If a photon cannot cross the
interface between the semiconductor material and the air (or
vacuum) surrounding it, it’s reflected back into the mate-
rial and absorbed. If the semiconductor material were cubic in
shape, it would only emit light more or less perpendicular to
one face or another of the cube. (Think back to Physics 102 and
the part of the chapter on optics that dealt with “critical angle.”)
So, simply dicing a wafer of LEDs and treating them as if they
were just another semiconductor chip would be unsatisfactory.

If one weren’t dealing with epitaxial diode materials depos-
ited on a flat substrate, one might think of emulating a dia-
mond cutter and faceting the material. But the more practical
approach is to pot the LED in a transparent plastic material
with a refractive index between the indices of the semi material
and air while shaping the glob of plastic into something more

(CRI) of the device. CRI is a measure of 2. This basic LED edge-lighting driver can be powered by 5 to 48 V dc. It uses dc-dc boost to provide
how closely the colors of an object being voltage to a constant current driver and LED string. The design represents a constant current chopper

illuminated artificially resemble those
colors when they are viewed under actu-

driver that provides a dc current with 10% ripple to an LED string used to edge light an LCD.

al sunlight. For the LED maker, a high Vin
CRI implies lower luminous efficacy

than single-color LEDs. But for natural-

DC-DC boost

looking colors, good CRI is essential, so
it presents an engineering tradeoff with
luminous efficacy.

For individual white LEDs, “white-
ness” varies from unit to unit, so LED

Section A +12V

_

Section B

+12V

Section C +12V

+PW

o—

makers sort and bin them to enable light-
ing designers to mix and match bins
to achieve the precise flavor of white
they want. This binning follows a model
developed in the 1950s for then-new
fluorescents. But month by month, the
bins are getting tighter, making it easier
to achieve a specified color with few-
er LEDs. That’s a good thing, because
those steady improvements in luminous
efficacy mean that it takes fewer and
fewer LEDs to achieve a specified inten-
sity of light output.

As mentioned, HB white LEDs work
by combining blue-emitting LED diodes

MV

NNOXYOXYOXRONY XY

+12V

Inductor

+12V

Sense
resistor
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spherical, or hemispherical, that increases the critical angle at
both interfaces.

Logic devices have Moore’s law, which has little validation
except history. LEDs have Haitz’ law, named after Roland
Haitz, which says that commercial LED maximum light output
doubles approximately every 36 months. Haitz’ law leads to
implications for designers of LED-based products: whatever
the rated light output of the most expensive LED is today, it
will be available at baseline prices a year and a half from now.
Future products with the same light output will require fewer
and fewer LEDs.

DRIVING LEDS

It seems as if driving LEDs ought to be simple. They’re
diodes, they have a certain forward voltage drop, and their light
output depends on current, for which there is a do-not-exceed
value for any given diode. That seems like a manageable set of
parameters, doesn’t it? But then it starts getting complicated.
As with conventional diodes, LED current varies exponentially
with the voltage, i.e., a small change in voltage can cause a
large change in current. That’s why, in most cases, LEDs are
driven with constant-current sources.

Few applications use only a single LED, though. Whether
it’s for a screen-backlighting array or for LEDs in a streetlight
or a replacement for an incandescent or fluorescent lamp, most
designs need more than one LED. Therefore, one of the first
decisions a designer must make is whether to drive the LEDs
in series, in parallel, or as a parallel array of strings. Generally,
it isn’t a good idea to drive a number of single LEDs in paral-
lel because that can lead to non-uniform current sharing, even
when the LEDs are all rated for the same forward-voltage drop.

3. The Digital Addressable Lighting Interface (DALI) two-wire standard has
all but totally replaced early dimmable control interfaces for tube lighting
in office and industrial applications. This Marvell controller takes it a step

further for smart buildings by including a ZigBee wireless interface.
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Driving LEDs in series introduces the question of what hap-
pens when a single LED fails as an open circuit. That can be
dealt with somewhat expensively by providing parallel Zener
diodes or silicon-controlled rectifiers (SCRs) across each LED.
SCRs are the more attractive choice because they dissipate less
power if they have to conduct around the failed LED.

In a design using multiple parallel strings, including a sepa-
rate driver for each string is obviously more expensive than
using fewer drivers (ideally one) with sufficient output capac-
ity. Even though an approach using parallel strings also tends
to even out the current-sharing problem, it is still necessary to
use a ballast resistor for each string to accommodate variations
in forward voltage drop (Vy) across the diodes.

To calculate a resistor value, assuming a +10% variation in
forward voltage drop across the string and a need to match the
currents in each parallel string to within +20%, start by assum-
ing that for each string the sum of the LED forward drops,
plus the voltage across the ballast resistor, should equal 80%
of the nominal output voltage of the driver. From that, it’s pos-
sible to calculate both the necessary ballast resistance and the
maximum current capacity of the driver. An easier alternative
is to buy the series/parallel string arrays matched and cross-
connected, as in Philips’ Luxeon Flood products.

DRIVING-CIRCUIT DESIGN EXAMPLE

To illustrate a common design approach in a backlight-
ing application, consider this design from Endicott Research
Group, where a constant current-chopper driver provides a dc
current with low ripple to an LED string used to edge-light a
graphic display (Fig. 2).

The pass switching device (P at the top of the LED string) is
a P-channel FET that provides the current to the string and, in
conjunction with the inductor, sense resistor, and boost volt-
age, establishes the chopping current and frequency. The dc-dc
boost stage is a closed-loop boost supply that provides suf-
ficient voltage to drive current to the LED string with at least 2
V of headroom.

The part of the diagram designated Section A shows a com-
parator and associated resistors that form a positive hysteresis
circuit. It compares the voltage across the sense resistor to a
known reference. Section B shows another comparator and
associated resistors that buffer the Section A output to ensure
proper hysteresis and provide drive to the pass device. Section
C supplies LED on/off and dimming control. The +ENABLE
input turns the backlight on or off, and +PW pulse-width
modulates the chopper driver on and off for dimming.

SPECIAL CONSIDERATIONS

When a general lighting system requires a lot of power, then
the first power-conversion stage, the ac-dc stage, gets interest-
ing. That’s because while it’s a long way from the LEDs, the
U.S. Department of Energy (DoE) and the European Union
have made it clear that they want it to exhibit a very clean pow-
er factor, which is difficult because of that darned capacitance
on the output of the rectifier bridge.

This is approached in different ways. The EU’s IEC61000-
3-2 specifies acceptable levels for the first 32 harmonics of
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the ac line frequency, while the DoE’s
Energy Star program (which is voluntary
but enforced by the buying power of the
U.S. government) specifies a power fac-
tor of at least 0.7. On top of that, real
customers for general lighting applica-
tions demand a minimum power factor
of 0.9, so that’s what designers aim for.

That in turn requires a somewhat
sophisticated flyback topology for the
first stage, with operation in critical
conduction mode. Subsequent stages
of switching regulation, buck, boost,
or buck/boost support a final stage that
provides the drive to the string or paral-
lel strings of LEDs. This is generally a
switcher also.

Alternatively, it is possible to use
linear regulators, which makes it less
expensive to achieve the required over-
all efficiency. The output stage, in that
case, could be designed to supply the
full voltage needed by the sum of the
string’s forward voltage drops while dis-
sipating less than a volt in its own pass
transistors.

BUILDINGS AND STREET LIGHTING

Some LED-replacement-bulb dim-
ming ICs are compatible with legacy
triac controls intended for incandes-
cent bulbs. The fundamental challenge
in that environment is to present a load
that looks like the resistive impedance
of a tungsten filament and to convert
the triac’s time-chopped line-voltage ac
waveform, which is based on the posi-
tion of the dimmer’s control knob into a
series of duty-cycle controlled, constant-
current dc pulses at a low voltage suit-
able for the screw-in LED replacement
bulb or fluorescent tube. A further chal-
lenge is to achieve a power factor close
to unity on the ac line.

Generally, all this is accomplished
with a critical-conduction mode fly-
back ac-dc stage and a dc-dc back
end, although some IC manufacturers
manage to do it in one stage. Another
differentiator between manufacturers
is how the feedback is accomplished.
Some IC makers have ways of getting
around the need for optical isolation.
The more interesting differentiators
include designing ICs versatile enough
to be used in all the different variations
in other manufacturers’ triac dimmers

and reducing the number of external
components so that unit cost is low and
the entire circuit can fit into the base of
the replacement bulb, even if the base of
the bulb is much smaller than a conven-
tional bulb base (see the opening figure).

All of this is only relevant if a cir-
cuit designer works for a company that
makes replacement bulbs. A newer chal-
lenge relates to LEDs that are used for
street lighting, parking garages, ware-
houses, and general outdoor lighting.
There, the dimming requires a different
approach, because it is being applied in
new construction or large retrofit jobs
to external LED fixtures that have been
driven by external ballast circuits.

Traditionally, an analog interface
called 1-10V has been used. It uses a
simple 0- to 10-V dc control level to set
brightness. But in these applications and
in smart buildings, the Digital Address-
able Lighting Interface (DALI) is replac-
ing 1-10V. It is described in the fluores-
cent lamp ballast standard IEC 60929
under Annex E. The ZVEI committee of
the German Central Association of the
Industry controls the standard for elec-
tric and electronic Products within the
Activity Group “DALI!

Of course, a hard-wired DALI con-
nection is only the beginning. LED light-
ing in modern smart buildings is just as
likely to be controlled by the ubiquitous
ZigBee interface (Fig. 3). X

REFERENCE

1. For a detailed explanation of DAL, in
English, go to http://www.dali-ag.org/c/
manual_gb.pdf.

MORE FROM DON TUITE

For more from Analog/Power

Editor Don Tuite, check out

his blog, Secondary Emissions, at

http://electronicdesign.com/blog/

secondary-emissions and see:

* APEC 2013 Was Biggest Ever

eSuper Bowl Blackout? Try
Working With A Blimp

* What’s All This About Van Gogh
And LEDs?

e Dreamliners Shouldn’t Smoke

eAmateur-Radio Emergency
Services And Disasters

ELECTRONIC DESIGN GO TO ELECTRONICDESIGN.COM

High Voltage
to 500VDC OUT.
High Power
to 50 Watts.

Regulated/Isolated

DG-D(_: Converters

; QP'Séries
’3 Isolated
*

New Input Voltages available

125-475 VDC (Consult Factory)

High Voltage, Isolated Outputs
100-500 VDC

Output Voltages from 500VDC
High Power: to 50 Watts,
Efficiency to 90%

Miniaturized Size package:
2.5" x 1.55" x 0.50"

Safe: Short Circuit, Over/Under
Voltage, and Over Temp. Protected

Options Available: Expanded
Operating Temperature, -55°C to +85°C
Environmental Screening, Selected
from MIL Std.883

Ruggedized for Operation in
Harsh Environments

External Bias Control: For Charge
Pump Applications

Custom Modules: Available to
optimize your designs, Special
Input or Output Voltages Available

Rely on Pico for Thousands
of ULTRA Miniature,

High Reliability DC-DC
Converters, AC-DC
Power Supplies,
Inductors and
Transformers

1508 001-2000
= Bz

AS 0100 BEVE

www.picoelectronics.com
E-Mail: info@picoelectronics.com

call 800-431-1064
P I C 0 Electronics,inc.

143 Sparks Ave, Pelham, NY 10803-1837, USA



http://www.dali-ag.org/c/manual_gb.pdf
http://electronicdesign.com/blog/secondary-emissions
http://www.dali-ag.org/c/manual_gb.pdf
http://electronicdesign.com/blog/secondary-emissions
http://www.picoelectronics.com
mailto:info@picoelectronics.com
http://electronicdesign.com

www.mouser.com

The Newest Products for Your Newest Designs®

2 Honeywell
E;’;‘:s stchicen
&
&TDK _— =T S
L ]
e VR = nfineon.
.w}pts, ’, SILICEY LA1S
= _ JAITERAY U instruments NG s
nasonic i
e @ maxim
integrated, s s
life.augmented
OMRON. ;
alicTone como _ Amphenol
International i
TSR Rectifier Atmel.
B nlse o
FAIRCHILD g§n§.ﬁm
v s
CREE® Do
PHILIPS
; LUMILEDS
@ MICROCHIP @
O‘.‘
-
Avaco #*freescale

mouser.com

The widest selection of the newest products.
Over 3 million products from over 500 manufacturers.

iigm - Authorized distributor of semiconductors
@ and electronic components for design engineers.

MOUSER

ELECTRONICS.



http://www.mouser.com
http://mouser.com

Distribution

VICTORIA FRAZA KICKHAM | DISTRIBUTION EDITOR victoria.kickham@penton.com

> TOP IIISTIIIBIITIIHS
"vJJ f J JH' | :

JJJHJ; Jf
H_/JJU

The Internet, the economy, and increasing regulatory issues dominate the Top 50
Electronics Distributors’ list of concerns for 201 3.

he largest distributors of electronic components

in North America aren’t expecting blockbuster

growth this year, but they do anticipate a slow

and steady upturn in business by the time 2013 is

over. Following a 2012 in which many companies

focused on internal investment and development,
this year is turning out to be one of incremental growth and
gaining market share, with most companies predicting mid-
single-digit increases for the year.

“I think distributors spent 2012 working on their inven-
tories, on their productivity, on their efficiencies,” says
Faris Aruri, vice president of corporate marketing for Sager
Electronics, number 11 on SourceESB’s 2013 Top 50 Dis-
tributors report (see the table). “Margin continues to be a
challenge and I believe that companies devoted the bulk of
the year addressing their structure, their strategy.”

“I think this year is almost as difficult for predictions as
last year,” adds Jimmy Seifert, senior vice president at New-
ark element14, number six on this year’s list. “Growth esti-
mates are in the single digits, heavily leaned on the back half
of the year.”

As they battle the sluggish conditions here at home, elec-
tronics distributors are also sharpening their focus on the
Internet, watching the global economy closely and trying to
keep their fingers on the pulse of an increasingly active regu-
latory environment that has customers placing new demands
on them almost daily. These regulations have come to a head
in the last year as the federal government has clamped down
on contractors supplying electronic equipment to the armed
services in an effort to curtail the flow of counterfeit parts
into the defense supply chain. Government contractors have
naturally turned to their component suppliers for additional
levels of quality assurance.

Despite these challenges, the top distributors are opti-
mistic about the electronics industry’s long-term outlook,
helped largely by the growing amount of electronics in all
aspects of daily life. The proliferation of smart phones and

ELECTRONIC DESIGN GO TO ELECTRONICDESIGN.COM

other handheld gadgets combined with the ever-increasing
“smartness” of everything from refrigerators to cars and
trucks makes the electronics supply chain a good place to be,
distributors say.

GAME CHANGER: THE INTERNET

When asked about the greatest change in the industry since
last year’s Top 50 report, TTI’s Michael Knight doesn’t hesi-
tate when he says “the Internet factor.” Though electronics
distributors have been steadily increasing their online invest-
ments and development for the last several years, Knight says
2012 stands out as a year of heightened investment and grow-
ing struggles about how to best integrate the technology into
the electronics distribution model. The Internet’s presence as
a leveler and at the same time a disruption makes it a force
difficult to manage, he adds.

“Last year, it seemed the Internet factor became more prev-
alent and more obvious,” explains Knight, senior vice presi-
dent, Americas for TTI, number four in this year’s report.
He points to new competition from non-traditional sources
and distributors’ pursuit of new ways to best serve customers
online as key examples. He also points to pricing as a key
challenge in the Internet age. A lack of Internet resale pricing
guidelines is a particular sticking point, and one the industry
will eventually have to confront.

“The Internet is the place where people go to shop,” Knight
explains. “I do think it’s a growing challenge for distribu-
tors and OEMs [original equipment manufacturers], and we
really need to give some thought to Internet pricing. Other-
wise, we run the risk of creating a leak where there’s just a
tremendous amount of margin that can be sucked out of our
business.”

Newark element14’s Seifert agrees that the Internet is
an industry game-changer, most notably for its value as a
research and information tool. As more and more engineers,
hobbyists, and procurement professionals search for prod-
ucts online, distributors must be at the ready not only with
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product and pricing information, but with the
resources, tools, and technical support custom-
ers need to do their jobs, he explains.

“Just as the trend has exploded in the con-
sumer world, it’s becoming more prevalent in
ours as well,” Seifert says. Challenges aside, he
notes that the trend fits well with the electronics
distributor’s role as a provider of information
and solutions.

“It really bodes well with how we go to market
to support customer needs,” says Seifert, point-
ing to Newark’s element14 online community
in particular, which functions as a professional
social media outlet for engineers, offering prod-
uct information, technical support, and online
forums where they can connect with peers.

Knight agrees that the collaborative spirit of
the Internet offers a key opportunity for distribu-
tors to harness the technology’s power.

“How best to integrate the Internet into our
business, which is a more traditional model
of people on people, that’s the question,” says
Knight. “[We need to address] how best to inte-

grate the Internet element in a way that’s good for our custom-
ers, good for our suppliers, and truly additive to our business.”

STRUGGLE: THE ECONOMY

For many distributors, 2013 has been a year of pleasant
surprises thus far. Most entered the year expecting little by

“| think this year is almost

as difficult for predictions

as last year,” says Jimmy
Seifert, senior vice president at
Newark element!4. “Growth
estimates are in the single
digits, heavily leaned on the
back half of the year.”

way of growth and were surprised by better
than anticipated bookings in the first quarter.
Although few will point to the quarter as a har-
binger of what’s to come, most of the Top 50
remain cautiously optimistic about the industry
outlook given the tough global economic cli-
mate they’re struggling against.

“I can’t see anybody being unhappy with
the first quarter. I think it was much better
than expected. But these are good short-term
trends. I'm unsure they’ll hold for the year,”
says Sager’s Aruri. “The economic backdrop
has improved marginally. It’s in an area you’d
term stable versus robust. But even in this atmo-
sphere there’s an opportunity to pick up market
share for those who really achieved something
internally over the last year.”

Lindsley Ruth, executive vice president for
Future Electronics, which is number three on
this year’s list, agrees. He says 2012 was an
investment year for Future and that the company
is already seeing the benefits of that internal
focus this year.

“At Future, we’re very optimistic about this year. Last year
was a year of investment, and we’re beginning to reap the ben-

efits of that investment,” Ruth explains, noting investments in
new salespeople, inventory, and customer-focused programs

around supply chain management and e-commerce. “We're
seeing an uptick in demand, so we’re gaining confidence as we

: THE METHODOLOGY BEHIND OUR SURVEY

: THE SOURCEESB STAFF and Penton Media’s research department began our 2013 Top 50 Distributors survey in February,
contacting hundreds of North American electronics distributor locations via e-mail and via our online sister publication,
Globalpurchasing.com. Throughout February and March, the staff narrowed the online submission forms to 50, ranking
1 each company based on total sales volume and ensuring that each had a major presence in the North American elec-

tronic components distribution market.

: Each company in the list is ranked according to its total global sales volume, and all figures are reported in U.S. dollars.
: We used self-reported data from each company and verified the information against annual reports and earnings state-
: ments, where possible, as well as in follow-up interviews with some of the companies at the top of the list. Yet there’s

: more than meets the eye with some of the companies at the top of our list.

. Figures for Avnet Inc., ranked number one, and Arrow Electronics, ranked number two, include the sale of computer
* products, which comprise large segments of each company’s business. Other companies in the list also sell computer
: products along with electrical products and equipment. As a result, figures in the “active” and “I/P/E” categories may not

add to 100% for each top-ranked distributor.

Sales listed for privately held Future Electronics, number three, are based on SourceESB estimates.

. Figures for Allied Electronics, number four, reflect its worldwide sales as part of Britain-based Electrocomponents plc,
* which also operates RS Components in Europe. The figure here is a company-provided, fiscal-year estimate for global
: sales. Allied’s sales were roughly $420 million in 2012. Likewise, sales for number six, Newark element14, reflect world-
: wide sales as part of its parent company, Britain-based Premier Farnell.
: Our goal is to provide a comprehensive list of the largest electronic components distributors doing business in North
America. We will begin compiling information for next year’s report early in 2014.

We welcome your input as we develop next year’s Top 50 Distributors report. Send your questions or comments to

sourceESBeditor@penton.com.
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2013 TOP 50 DISTRIBUTORS

Sssourceesb

1.AVNET INC.! $25.2 billion 43% 8%
2. ARROW ELECTRONICS INC.2 $20.4 billion 66% 20%
3. FUTURE ELECTRONICS® $7.4 billion N/A N/A
4.TTI INC. $1.6 billion 41% 54%
5.ALLIED ELECTRONICS INC 4 $1.5 billion 5% 45%
6.NEWARK ELEMENT14% $1.5 billion 12% 50.4%
7.DIGI-KEY CORP. $1.4 billion 46% 54%
8. MOUSER ELECTRONICS $615.3 million 66% 34%
9. DAC/HEILIND $584.6 million 0% 100%
10.N.F. SMITH & ASSOCIATES, LP $465 million 59% 11%
11.SAGER ELECTRONICS $217 million 0% 100%
12. PEI-GENESIS INC. $214 million 0% 100%
13. AMERICA Il ELECTRONICS $210 million 75% 24%
14. MASTER ELECTRONICS $163 million 0% 0%
15. POWELL ELECTRONICS INC. $120 million 0% 100%
16.BISCO INDUSTRIES INC. $116.3 million 1% 10%
17.RAND TECHNOLOGY INC. $104 million 40% 10%
18. FLAME ENTERPRISES $98.2 million 0% 100%
19. ELECTRO ENTERPRISES INC. $81.3 million 0% 100%
20. ELECTRO SONIC INC. $70.5 million 6% 67%
21.BEYOND COMPONENTS/NEDCO $60.3 million 0% 100%
22. HUGHES-PETERS $60 million 3% 95%
23. EDGE ELECTRONICS INC. $56.3 million 67% 9%
24.STEVEN ENGINEERING $50.6 million 1% 42%
25.SYMMETRY ELECTRONICS $46.1 million 99% 0%

go. We're looking at a year in the supply chain that will be up
in the high single digits to low double digits.”

Ruth points to customer-relationship management as anoth-
er key investment area for Future Electronics. Salespeople are
trained to focus on building relationships and streamlining
operations throughout the channel, for instance.

“We like to move from a pure transactional relationship with
the customer to more of a true partnership [in which we] share
resources and help the customer increase their business,” Ruth
explains. “If we can help the customer with their customer,
we’re adding more value than the competition.”

Looking at particular markets, many of the Top 50 say they
anticipate continued growth in the automotive industry, resur-
gence in the medical markets, and growth in the aerospace
segment, particularly commercial avionics. This will be offset
by a downturn in military and defense, according to some.
Smaller niche market distributors such as Sager are capital-
izing on the trends.

“Sager focuses on the industrial, medical, and instrumen-
tation markets,” explains Aruri. “All of these markets have
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been either stable or growing, and I’m confident in our abil-
ity to pick up market share in this environment.”

For larger players such as Avnet, who cast a wider net, the
outlook is a bit more complex. Ed Smith, Americas president
for Avnet Electronics Marketing, characterizes 2013 as steady
and “not very exciting.” Despite the tough market conditions,
Avnet remains number one on SourceESB’s Top 50 for the
third straight year. Smith points to strength in automotive
and aerospace industries and slowing conditions in military/
defense markets this year.

“When I look at the industrials, I think they’re still pretty
flat and not very exciting—and in the Americas, we’re driven
by that,” Smith says. “So, [conditions] are not very excit-
ing, but there are some glimmers of hope in automotive and
aerospace.”

Regionally, Avnet has seen growth in Mexico as custom-
ers begin to move manufacturing business from Asia back to
the Americas, Smith adds. The re-shoring trend has been the
topic of much industry buzz in the last year, and many say it’s
unfolding more slowly than they’d hoped. Large independent
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gl&?%l?dsing 2013 TOP 50 DISTRIBUTORS £3sourceesb
26.CPN/DENELEX GROUP $41 million 0% 100%
27.1BS ELECTRONICS INC. $40 million 45% 45%
28. ASTREX ELECTRONICS INC. $36.6 million 0% 100%
29. HAMMOND ELECTRONICS $36 million 2% 91%
30. COMMODITY COMPONENTS INTERNATIONAL INC. $30 million 0% 60%
31.DEE ELECTRONICS INC. $23.4 million N/A N/A
32.AIR ELECTRO INC. $23.4 million 0% 0%
33.PUI (PROJECTIONS UNLIMITED INC.) $23.3 million 12% 88%
34.SMD INC. $22.8 million 5% 95%
35. CRESTWOOD TECHNOLOGY GROUP (CTG) $22.3 million 34% 54%
36.HOUSE OF BATTERIES $22 million 0% 100%
37.PHOENICS ELECTRONICS CORPORATION $20.3 million 85% 0%
38. MARCH ELECTRONICS $20 million 0% 100%
39. KENSINGTON ELECTRONICS INC. $19.3 million 0% 85%
40. COMPONENT TRENDS $15.1 million 65% 20%
41.4 STAR ELECTRONICS INC. $15 million 50% 40%
42. CUMBERLAND ELECTRONICS STRATEGIC SUPPLY SOLUTIONS $15 million 20% 60%
43. AREAST-ESG INC. $14.1 million 48% 22%
44, COMPONENTS CENTER $13 million 0% 100%
45.1XES USA $12.9 million 80% 15%
46.VIRGINIA ELECTRONIC COMPONENTS (VEC LLC) $12.7 million N/A 10%
47. ADVANTAGE ELECTRIC SUPPLY $10.5 million 50% 2%
48.EAST COAST MICROWAVE DISTRIBUTORS $10 million 100% 0%
49. MARINE AIR SUPPLY $10 million 0% 100%
50.INDUCTORS INC. $9.6 million 0% 100%

* Percentages may not add to 100
1 Figure includes sales of computer products
2 Figure includes sales of computer products

distributor N.F. Smith & Associates, number 10 on this year’s
list, expanded its operations in Guadalajara, Mexico, last year
to accommodate increased business among its manufacturing
customers in the region, for example. Company COO Matt
Hartzell points to rising wages and housing costs in China in
particular as a key reason some manufacturers are beginning to
move or consider moving some manufacturing operations back
toward North and Central America.

“You might see a continuation of that if labor and real estate
prices continue to climb in China,” he says.

For others, re-shoring is still a distant trend they hope is soon
realized. TTI’s Knight says the issue is still more talk than real-
ity among his customers, but adds that he thinks such opportu-
nities will eventually materialize.

“I am watching out for it like a hawk,” Knight says. “I'm
reading a lot about it. In our own business we’re aware of some

48

3 SourceESB estimate
4 Company-provided fiscal year estimate
5 Figure reflects worldwide sales for Premier Farnell, Newark, element14

customers who are talking about doing it, but I can’t say I can
actually yet put my finger on a piece of business that is booking
and shipping in North America that yesterday was booking and
shipping in Asia or somewhere else. But I do have reason to
believe it is coming. And that has good long-term implications
for our economy and our industry.”

NEW WRINKLE: REGULATORY ISSUES

Counterfeit components and the need for quality assurance
is a growing concern among the Top 50 distributors. The issue
transcends the authorized/independent line as customers seek
quality assurance documentation on a range of levels from all
their trading partners, placing new pressure and more work on
distributors of all shapes and sizes.

The issue has been building since the late 2011 passage
of the National Defense Authorization Act, which includes
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new rules and regulations around counterfeit
electronic parts found in the defense supply
chain. The NDAA includes, or directs govern-
ment agencies to include, new rules for defense
contractors and impose steep penalties on those
who supply counterfeit components to the mili-
tary. As a result, contractors are seeking new
assurances from their suppliers that the parts
they are purchasing are authentic.

The issue has shined a light on the independent
distribution market, and distributors such as N.F.
Smith & Associates say they have seen a consoli-
dation in that market that may signify a turning
point for the industry. The heightened focus on
quality is raising the bar among independents, and
those that don’t offer testing and other vital qual-
ity assurances simply aren’t making the grade.

“We’ve seen a lot of consolidating among the
independents and the cream has kind of risen,”
says Marc Barnhill, chief trading officer for N.F.
Smith. “There aren’t as many as there used to be,
and we think that’s a trend that will continue.”

The focus on counterfeits is also affecting the
authorized distribution channel. Authorized distributors purchase
products directly from the manufacturer or other authorized
distributors, ensuring authenticity. But many large distributors
are finding that some customers don’t understand the authorized
model and are placing new demands on those distributors as
well, most notably seeking certificates of compliance with every

Electronics.

THE TOP 50 BY THE NUMBERS

SOURCEESB’S 2013 ToP 50 Distributors report bears con-
siderable resemblance to the 2012 report, with 80% of
companies featured last year returning to the list this year.
Here’s a look at some facts and figures on this year’s list.

: Distributors in the Top 10 last year maintained their sta-

¢ tus this year, although not necessarily in the same order.

: Among returning distributors from last year’s report,
most saw their sales decline in 2012 (51%); 43% of
returning companies experienced a sales increase, and
5% reported flat sales.

Among returning distributors, 36% said the percent-
age of their revenue from active components increased
during the year, 16% said it decreased, and 48% said it
remained the same.

: Among returning distributors, 25% said the percent of

their revenue from interconnect, passive, and electrome-

¢ chanical (I/P/E) products increased during the year, 43%
said it decreased, and 32% said it remained the same.

The top-ranked distributor in our survey is also the
oldest distributor on our list—Avnet Inc. was founded in

1 1921. The youngest distributor on our list is Component

Trends, ranked number 38 and founded in 2003.

“At Future, we’re very optimis-
tic about this year. Last year
was a year of investment, and
we’re beginning to reap the
benefits of that investment,”
says Lindsley Ruth, execu-
tive vice president at Future

order. As a result, a group of authorized distribu-
tors is working through the industry’s G19 Com-
mittee—an SAE International group that works
to address prevention, detection, and electronics
industry response to the counterfeit threat—to
define authorized distribution.

Pete Shopp, senior vice president, business
operations for Mouser Electronics, number
eight, points to customers’ growing demand
for traceability, noting that some customers are
demanding access to manufacturer packing slips
to ensure authenticity, for example.

“It’s all centered around making sure they have
genuine parts, and that’s understandable given
the emphasis by the Department of Defense,”
says Shopp. “We’re involved with several indus-
try groups promoting authorized distribution and
what that means. We even have someone work-
ing with the G19 committee trying to come up
with a definition of authorized distribution.”

The issue concerns Sager’s Aruri, as well, par-
ticularly because it’s beginning to spill over to
non-defense industries.

“The need for [certificates of compliance] has crossed from the
military world to the commercial world,” says Aruri. “Customers
have a need to cover themselves in this area, so they’re starting to
require [certificates of compliance] with every order. Distribution
is not set up to do this. We all have traceability if we’re requested
to go back, but it’s very challenging to do it [up front].”

Aruri says Sager is likewise involved in industry efforts to
explain and promote the authorized channel.

“We’re participating in any initiative that encourages people
to buy from authorized distributors,” he says.

OUTLOOK: MORE ELECTRONICS, MORE BUSINESS

Despite the challenges ahead, SourceESB’s Top 50 Elec-
tronics Distributors say the long-term outlook is bright for the
electronics supply chain. Avnet’s Smith points to the growing
amount of electronics in the automotive industry as a shin-
ing example, and he also notes that increasing demand for
electronics in areas of limited growth, such as defense, are
good reason for a positive view. Others agree, pointing to the
proliferation of electronics in industrial applications, consumer
markets, and more.

“Certainly, one of the reasons to be enthusiastic about being
in the technology industry is the expansion of these [compo-
nents] to other industries. Industrial applications, oil and gas,
automotive—every month, every year these components get
put into equipment that they weren’t in the year before. Just
look at the technology in your refrigerator,” says N.F. Smith &
Associates’ Hartzell. “We are poised to always stay on top of
wherever that market expands.”

SourceESB’s 2013 Top 50 Electronics Distributors report
is featured each May in Electronic Design’s Distribution
Resource section and online at Globalpurchasing.com.
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MCLENDON

PREPARES ALLIED

FOR GLOBAL
CHALLENGES IN A

SLOW ECONOMY

Allied Electronics’ new president Scoft
MclLendon discusses his outlook for 2013
and beyond and the road fo becoming
a global business.

op 50 Distributor Allied Electronics (number five on
this year’s Top 50 List) has promoted Scott McLendon
to president, replacing longtime leader Lee Davidson.
McLendon has been with Allied since 2007, most
recently serving as vice president of product manage-
ment and marketing. We caught up with him to talk about his
outlook for the electronics industry over the next few years.

ELECTRONIC DESIGN: You officially took over as Allied’s
president in April. How is the transition going, and what
are some of your goals for this year?

So far, so good. In any

new role, the first time you make the cycle through ‘ ‘ If I look at all the macro-
economic indicators and some
that are more specific to the
industry we play in, they all are
predicting slow growth. That
would be for 2013 and 2014,
actually,” says Scott McLendon,
the new president of Allied
Electronics. “I don’t see anything
coming that’s suddenly going to
impact that very negatively or,
conversely, positively. ??

all the things [you normally do], it’s tough, but it
gets easier. We just went through our [2014 fis-
cal year] budgeting process and that was good.
I’m very pleased with the feedback I’'m getting
internally from our employees as well. Some of
my goals for the year: First and foremost is hav-
ing everyone in the company get to know me and
my philosophies on business and what I expect,
and then for me to get to know them. I feel like I
can win the minds of people through strategy and
planning and education, but I also want to win
the hearts of employees, too. So, I'm doing a lot
of traveling. We have 53 sales offices across the U.S., and I'm
trying to get in front of as many of them as I can.

ELECTRONIC DESIGN: What are some of the greatest chal-
lenges facing companies like Allied in 2013?

The positive side of the word challenge would
be opportunity. I think our greatest challenge and opportunity
in 2013 and beyond is how we transition from being a local
independent [operating company] as part of Electrocompo-
nents [to] being a very important part of a global company and
what that means [for the future]. How do we support the vision
of Electrocomponents through the brands of RS [Components]
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and Allied? How do we transition from these local [operating
companies] to really coordinating the effort across the globe?
Certainly it’s something that is front and center within our
entire business, how we go from good to great and do that by
becoming a truly global business.

ELECTRONIC DESIGN: The economy continues to trudge
along. What are your short-term and long-term outlooks
for the electronics industry?

I still think that it’s slow growth. If I look at
all the macro-economic indicators and some that are more
specific to the industry we play in, they all
are predicting slow growth. That would
be for 2013 and 2014, actually. I don’t see
anything coming that’s suddenly going to
impact that very negatively or, conversely,
positively. One of the things I think has had
more of an impact than I first thought is the
federal budget crisis and the sequester and
the draconian budget cuts that have been put
in place... Any customer that has any sort
of tie to the federal, state, or local govern-
ment is being dramatically affected. It’s not
just the [Lockheed Martins] and Raytheons
and companies like that. It’s also companies
that build controls for water and waste water treatment plants,
for example. With this first round of cuts, there are programs
that have been cut, there are things that have been delayed. I
originally didn’t think it would have as big an impact as it has.
And with the Congress we have in place right now, I don’t see
it getting fixed. I think it’s going to be status quo.

ELECTRONIC DESIGN: Allied also continues to invest in its
Web presence. What are some recent developments and
enhancements?

Our philosophy as it relates to the Web is that
whatever you can do offline you should be able to do online.
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We’re committed to building all of the tools and we’re listening
to the voice of the customer, giving them what they want online
to deliver a great customer experience.

ELECTRONIC DESIGN: Allied’s Britain-based parent com-
pany, Electrocomponents plc, has said it wants to conduct
75% of its business via the Web in the next few years. What
percentage is the company at now and how fast do you
expect that to grow?

Right now we’re north of 40%. From a dollar
standpoint it’s much greater than that on the number of line
items transacted. I think we can get to 50% in the next three
years or so at Allied. But we still have a lot of customers that
want the local touch, that still want to transact offline, and
we’re not going to force them to transact online. We do busi-
ness the customer’s way and we’ll continue to do so. [Doing]
business online does drive some efficiencies and can drive a bit
of additional profitability, too. But we’re not going to make a
right-hand turn out of the left-hand lane just to drive a percent-
age. We’ve got the customer’s best interests at heart.

ELECTRONIC DESIGN: Allied implemented a new enterprise
resource planning (ERP) system last year, putting Allied and
RS Components on the same SAP platform. Are the two divi-
sions working together in new or different ways as a result?
Yes, definitely. RS and Allied are working more
closely than we ever have. And it’s our desire for both compa-
nies to go from good to great in their own rights. We have seven
global priorities that we’re focused on [to help us get there].
One of them depends on us having a global platform, so what

we’re working on first is around the global offer, which is criti-
cal to our success. Across the RS and Allied world you would
think that our portfolios are common, but they’re not. There’s
only about 10% overlap in the actual materials. We have many
of the same suppliers, but [the portfolios look different]. Some
of that you can understand because different areas around the
world have different standards [and requirements]. But there
shouldn’t be that much disparity.

In the next five years, our goal is to have a pretty common
[product] range around the world—somewhere around 75%
common portfolio and the remaining 25% left up to local
[needs]. This allows you to leverage your supply chain better,
leverage your demand, make your global inventory visible to
your customer base... and then you build your service proposi-
tion around that. Our vision is that if it’s in your country, you
have it in one day. If it’s in your region of the world, it’s two
days. [And if it’s] anywhere in the world, it’s three days. The
vision is there for how we globalize our offer in order to deliver
a great customer experience.

ELECTRONIC DESIGN: What other issues are you most con-
cerned about as you take on your new leadership role?

For me, personally, it is to continue to figure
out better ways to engage our employees. I believe if we have
happy and engaged employees they’ll be in a better position to
deliver a great customer experience, and that will mean more
share of wallet from existing customers as well as attracting
new customers. In the end, our top line will grow, our profit-
ability will grow, and our shareholders will be happy with our
performance.

SWITCHES GET SMALLER
AND MORE SPECIALIZED

The industry’s top distributors, as featured in our 2013 Top 50 Distributors
Report, have been promoting some of the latest switch offerings from lead-
ing manufacturers online this spring. Key features include smaller size, bet-
ter LED illumination, and harsh-environment characteristics.

op-ranked Arrow Electronics
has been promoting NKK’s SK
series of miniature, antistatic,
snap-in keylock switches, which
offer secure mounting and are ideal for
designs requiring space-saving, mini-
mum-security switching. The housing
and bushing are made of high-insulat-
ing, glass fiber reinforced polyester that
can withstand 15 kV of electrostatic
discharge, providing superior antistatic
protection. A behind-panel dimension
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of 0.089 in. (22.7 mm) makes the series
a perfect solution for applications that
require high-density mounting and a
short behind-panel depth.

Panel cutouts measure 0.039 to 0.079
in. (1.0 to 2.0 mm). The SK series’
crisp and positive detent mechanism
ensures accurate switch settings. The
devices also are offered with solder
lug and 0.071-in. (1.8 mm) quick con-
nect for simple installation. SK series
devices are available in a single-pole,

three-throw circuit configuration, and
the contacts are non-shorting (break-
before-make). The three-position ON-
ON-ON model has 45° indexing with
keys removable in positions 1, 2, and
3. They come with two brass keys with
nickel plating and an ABS resin handle.
Top-ranked Digi-Key is also featur-
ing innovative switch designs, touting
Arcolectric’s antimicrobial switches,
which boast built-in protection against
a range of microorganisms. The switch-
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es are made with BioCote’s silver ion
technology during the molding process,
providing protection against bacteria,
mold, and viruses for the expected life
of the product. BioCote antimicrobial
protection reduces levels of microbes
on surfaces by 99.99% and inhibits
growth and formation of yeast. Applica-
tions include medical equipment, dental
equipment, ovens, blenders, exercise
equipment, and more.

Connector specialist and top-ranked
distributor Heilind Electronics has been
promoting the TL3210 series illuminat-
ed tact switch from E-Switch. The sur-
face-mount (SMT) switch offers LED
illumination in blue, red, green, yellow,
white, and bi-color red/green options.

Measuring just 5.6 by 3.5 mm, it is the
tiniest illuminated tact switch E-Switch
offers. It comes in tape and reel packag-
ing at 2500 pieces per reel. Applications
include audio/visual, computer periph-
erals, consumer electronics, instrumen-
tation, telecommunications, and medical
equipment.

New product specialist Mouser
Electronics now offers the Marquardt
Series 3250 Harsh Environment Rocker
Switches (see the figure). The switches
are available with a variety of contact
forms, switch functions, and actuators.
These are lighted switches with up to
four integrated LEDs available for a
wide range of background and function
illumination options. Current ratings

vary from 0.5 mA up to 20 A at 12V dc
or 24 V dc. Options include various cap
shapes and colors, laser etched symbols,
and accessories. Features include high
dust and water protection with IP 66 and
IP 67; a unique snap-action switching
system; long life; a highly flexible and
attractive design with various cap shapes
and varnished colors; and a large variety
of laser etched symbols.

www.arrownac.com

www.digikey.com

www.heilind.com

www.mouser.com

INDUSTRY LEADERS CONNECT AT EDS

Electronics executives meet in Las Vegas this month for EDS 2013.

op executives from
electronic compo-
nent manufactur-
ing, distribution,
and independent sales rep
companies will meet in Las

ec

" 2013 AT A GLANCE
ALL OFFICIAL EDS ACTIVITIES WILL BE HELD AT THE COSMOPOLITAN HOTEL, LAS VEGAS.

MONDAY, MAY 6

Vegas this month for the
Electronics Distribution
Show (EDS). The annual
event draws roughly 5000
attendees and offers a ven-
ue for networking, news,
and new product and ser-
vice announcements as
these channel partners
seek to cement existing
relationships and form
new ones aimed at serving
design engineers around
the world.

EDS bills itself as the
place “where the electron-
ics industry connects,”
and for many that means
finding new distribution
networks or adding new
product lines to the mix
to expand their business

Manufacturer and rep pre-scheduled meetings and receptions

Conference center setup

Hotel suite meetings as scheduled

4 10 6:30 p.m. All Industry Reception: Mission Possible, Gracia Ballroom, third floor

TUESDAY, MAY 7

Manufacturer-distributor-rep pre-scheduled meetings in suites and conference center
9 a.m. to 5 p.m. Display area in the Conference Center open, Chelsea Ballroom, fourth floor

WEDNESDAY, MAY 8

6:45 to 8 a.m. ECIA-ERA Breakfast, Castellana Ballroom, third floor
Manufacturer-distributor-rep pre-scheduled meetings in suites and Conference Center
9 a.m. to 5 p.m. Display area in the Conference Center open, Chelsea Ballroom, fourth floor

THURSDAY, MAY 9

7:30 to 8:30 a.m. EDS debriefing meeting, Nolita 2 Room, fourth floor

Manufacturers, distributors, and reps are invited to meet with EDS management to share their comments regarding

EDS 2013 and offer suggestions on improving future EDS events.
Manufacturer-distributor-rep pre-scheduled meetings in suites and conference center
9 a.m. to 12:30 p.m. Display area in Conference Center open, Chelsea Ballroom, fourth floor

opportunities. It’s held in Las Vegas each May, and this year
marks the second time it is being held in its new home, the

Cosmopolitan Hotel. Sponsored by the Electronics Repre-
sentatives Association International (ERA) and the Electronic
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Components Industry Association (ECIA), the conference is
scheduled for May 6-9.

First and foremost, EDS is a place where electronics manu-
facturing and distribution executives get together for one-on-
one business meetings, but the show also features some group
gatherings aimed at strengthening the industry as a whole. The
All-Industry Reception on Monday evening, May 6, and the
ECIA-ERA Breakfast on Wednesday, May 8, bring attendees
together for networking as well as industry updates.

EDS is also a place to groom the next generation of electron-
ics industry leaders. Supply chain students from colleges and
universities across the country attend each year to see the chan-
nel at work and meet potential employers. In the months lead-
ing up to this year’s event, EDS organizers were touting Project

Host, a 20-year-old program aimed at bringing students and
executives together. Participating companies pair their execu-
tives with students who then attend their EDS business meet-
ings for half-day sessions. Students get the chance to see the
manufacturer/distributor relationship at work and executives
get a glimpse at what some of the country’s top supply chain
programs are churning out.

“The more we can get the younger generation to participate,
the better,” said Chuck Delph, senior vice president-director of
sales for Avnet Electronics Marketing. “It’s not only great for
the show, but great for our industry as well.”

For further information about EDS 2013, including details
about registration, who’s coming, and additional conference
events, go to http://edsconnects.com.

DEFENSE SPENDING TOPS DISTRIBUTORS’ CONCERNS

Leading distributors maintain mixed views on how military budget cuts will affect the

electronics industry in 2013.

he sequester and looming budget cuts to

military and defense spending held the

attention of the Top 50 distributors this

spring as they waited to see how deep the
cuts would go. For some of these distributors,
the waiting game had yet to play out, while oth-
ers said they’d already begun to feel the effects
of shrinking budgets.

Avnet Electronics Marketing is already
feeling a slowdown. Company president Ed
Smith says that its defense sector sales were
down by single digits as of March and that he
expects a continued struggle in the market this
year. Uncertainty is a large part of the prob-
lem, as defense contractors took a conservative
approach to the market early in the year since
they did not know which particular programs
or departments would be most affected by the
sequester in the long term.

“It’s already had an effect, but I don’t think
it’s the complete effect until all the information
is out there,” says Smith. “I think there’s still a
story to be written there. And whether it’s posi-
tive or negative, I’'m not sure.”

A bright spot is the increased electronics in
military equipment today, a trend that isn’t going
away and ensures opportunity in the long run
despite the pending cuts, Smith adds. Commercial avionics
represents an even brighter opportunity under the current con-
ditions, he says, as does the automotive market.

“All the fleets having to get younger has driven nice growth
in aerospace,” Smith adds. “When I look at the industrials,
I think they’re still pretty flat and not very exciting. And in

aerospace.”

“All the fleets having to

get younger has driven nice
growth in aerospace. When

| look at the industrials, |
think they’re still pretty flat
and not very exciting. And in
the Americas we’re driven by
that,” says Ed Smith, president
of Avnet Electronics Marketing.
“But there are some glimmers
of hope in automotive and

the Americas we’re driven by that... but there
are some glimmers of hope in automotive and
aerospace.”

Allied Electronics’ president Scott McLendon
says the defense budget cuts have had more of
an impact on the industry than he expected and
that he doesn’t see the situation improving any
time soon (see “McLendon Prepares Allied For
Global Challenges In A Slow Economy,” p. 52).
He points to large and small contractors tied to
federal and state government business for a wide
range of projects as being particularly hard hit.

“Any customer that has any sort of tie to the
federal, state, or local government is being dra-
matically affected. It’s not just the [Lockheed
Martins] and Raytheons and companies like that.
It’s also companies that build controls for water
and waste water treatment plants, for example.
With this first round of cuts, there are programs
that have been cut, there are things that have
been delayed. I originally didn’t think it would
have as big an impact as it has,” he says of the
sequester in particular. “And with the Congress
we have in place right now, I don’t see it getting
fixed. I think it’s going to be status quo.”

Michael Knight, senior vice president of the
Americas at TTI Inc., holds a different view. He
says it’s unsettling that no standout market or technology is
driving industry growth this year, but that he’s pleasantly sur-
prised by the strength of some industry segments—and defense
is one of them.

“From my viewpoint, there’s really no standout—no barn-
burner region, application, technology, or end market segment.
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It’s really more about pleasant surprises. I’'m pleasantly sur-
prised how well defense electronics is holding together, for
example. And I'm pleasantly surprised how well the transpor-
tation market is holding together,” he says. “Distribution has a
really nice market there these days.”

Mouser senior vice president of business operations Pete
Shopp maintains a similar view, pointing to growth among
small electronics manufacturing service (EMS) providers and

OEMs serving the defense and aerospace sector. Defense bud-
get cuts had not affected Mouser as of mid-March, he says, but
he doesn’t rule out a slowdown at some point this year.

“We’re still seeing a lot of growth in RF communications,
industrial, and in the aerospace/defense markets,” Shopp
explains. “The budget cuts to defense are not affecting us so
far. There’s still design work going on. But small manufactur-
ers will eventually have to slow down.”

TODAY’S SUPPLY
CHAIN REQUIRES
STRONGER LINKS

Avnet Electronics Marketing'’s Lalit Wadhwa
talks about the road to building resilient sup-
ply chains so customers get the parts they
need when and where they need them.
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ing new challenges to operations managers, purchasing

professionals, and design engineers alike. Distributors
play an important part in the process, offering the products,
technologies, and services those professionals need to develop
leaner and more productive supply chains.

We spoke with Lalit Wadhwa, vice president of global sup-
ply chain operations for Avnet Electronics Marketing, about
some of the greatest issues facing supply chain profession-
als today and how companies can work together to mitigate
risk and develop more resilient global supply chains. He is
a 20-year Avnet veteran who specializes in seamlessly mov-
ing supply chain operations from one region of the world to
another across multiple sites.

The globalization of today’s supply chains is present-

ELECTRONIC DESIGN: What are the greatest obstacles facing
operations executives in supply chain visibility?

There are four or five things happening for
high-tech companies. You have globalization, as most compa-
nies are now engaged in manufacturing products in different
parts of the world. This is not limited only to the supply chain
or the manufacturing piece of the equation. We are now seeing
design being done in different parts of the world. So now you
have multiple companies attempting to collaborate to create a
product, and they are operating in different parts of the world,
on different systems, and in some cases in different languages.
This introduces new challenges.

There are also things like the rate at which demand changes
for a product when it’s launched. We must also look at things
like shrinking product lifecycles and rate of obsolescence.
These issues also present new challenges. And I would say one
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additional criterion that creates challenges moving forward is
sustainability and concerns around regulatory issues. Address-
ing these challenges adequately requires visibility across the
entire supply chain.

ELECTRONIC DESIGN: How has globalization complicated
supply chain management, and what other, similar factors
must operations executives take into consideration?

Beside the points that I just shared, there are a
couple of other things. The first is extended supply chains,
multiple partners, and an explosion of data. What to do with this
data is something I don’t think too many companies in the high-
tech arena are aware of. This explosion of data continues to be
a significant challenge and complication of the globalization.

[Design challenges are also an issue.] It’s an understated but
very critical fact: How you design your product ends up affect-
ing your supply chain. The design chain has a very significant
impact on your supply chain. I'm not sure if everyone looks at
this in a very careful manner. We can have customers who are
choosing components from manufacturers or who are choosing
components for their new products and the components are at
the end of their lifecycle. By the time the design is complete,
they may face problems sourcing some of the components if
enough focus hasn’t been put on the component availability

and the manufacturer’s roadmap in the design chain. I think
there is some room for improvement here in the industry.

From a design chain perspective, our focus is to share data
with customers—share with them where in the overall lifecycle
that product is and provide predictions for future pricing and
availability, and also to provide information on alternate or
equivalent products that can be used if that product really goes
EOL [end-of-life].

ELECTRONIC DESIGN: What solutions are available to help
companies proactively manage their supply chain risks?
From an Avnet perspective, this is something that
we have been doing actively over the last decade. Loosely,
I'll refer to our current set of solutions, which are very widely
adopted by our customer base. I'll refer to them as legacy solu-
tions. In the legacy category, what we continue to do is provide
customers access to a secure Web portal into their supply chain
that links back to Avnet.
What that fundamentally means is the customer can log into
a Web portal and extract information from Avnet’s Web portal.
They look at data points such as what inventory Avnet is hold-
ing [for them] and in what parts of the world, what is its age,
what is the backlog. And they can ask, “What is my cost across
different parts of the world? Do I have excess inventory in one
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part of the world and do I have it somewhere else?” These data
points have been made available to customers through Supply
Chain Central, our secure Web portal.

Customer needs have become far more complex. In the
evolving set of solutions, what Avnet has done is partner with
[cloud-based software solutions provider] E2open and created
solutions that are cloud based. These solutions bring together
all partners in the supply chain on a single cloud-based plat-
form. So, theoretically, you have information across the supply
chain in one single system. These are some ways we are meet-
ing the complex demands of our customers.

ELECTRONIC DESIGN: What benefits should companies
expect from increasing their supply chain visibility?

First, look at the strategic benefits—supply chain
visibility across an extended supply chain that circles the
globe. For many of our customers, this is the fundamental
building block for driving supply chain maturity. Once you
have that ability, companies can take up things like cost-to-
serve analysis, cost-to-serve optimization, risk identification,
risk management, response management, and supply chain
segmentation. These are things that companies wish to do to
improve their profitability and help them deal with risk in the
global supply chain. In a global environment, you need to have

the fundamental building block of supply chain visibility in
place before you can address all these things.

ELECTRONIC DESIGN: What are the next big steps needed to
improve extended supply chains?

Number one, many companies have yet to leverage
the significant benefits that come into play when gaining supply
chain visibility. Getting there is goal number one because the
benefits are real, measureable, and significant. Also, identifying
the risks in your supply chain, understanding that if an event
occurs, how do you recover? Those are things that many com-
panies in the high-tech arena have yet [to integrate].

ELECTRONIC DESIGN: Any closing thoughts?

This is not theoretical stuff. The benefits of all
of this are very real, very measurable, and very significant, so
customers will want to take the next leap into building resilient
supply chains. Resilient supply chains are essential to growth.
You can continue to have non-forecast events. The only way
to mitigate risk is to understand those risks. The only way to
understand those risks is to understand your supply chain. Our
goal continues to be to educate our customers and to help them
where they believe they need help—and also by helping them
execute their overall plan related to these issues.
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DESIGN A LOWER-GOST

TOUGHSGREEN

SYSTEM

Smart component selection can help
you reduce the cost of the capacitive
touchscreen in your mobile products.

CAPACITIVE TOUCHSCREENS HAVE increasingly become main-
stream and are no longer a novelty. Their adoption continues
to grow as devices such as smart phones and tablets ship by
the millions. But now that they are ubiquitous, consumers are
more reluctant to pay a higher premium for the technology.

To maintain profit margins in this competitive environ-
ment, OEMs must reduce device cost—and the touchscreen
module is one of the most expensive components in touch-
screen-powered devices. By using the right panel stack-ups
and patterns, displays, materials, routing, and controller,
designers can reduce their system costs.

COVER LENS AND TOUCHSCREEN SENSOR

A standard touchscreen system comprises a projected
capacitive touchscreen sensor laminated to a protective cover
lens, a bonded flexible printed circuit (FPC) with the touch-
screen controller mounted to it, and a display (Fig. ). The
FPC connects the touchscreen controller to the host proces-
sor. The display sits under the touchscreen sensor and is usu-
ally separated by an air gap or is directly laminated.

The cover lens is the topmost layer of the touchscreen sys-
tem. Its cost can vary widely depending on material type (glass
or polymethylmethacrylate, or PMMA), special coatings (oleo-
phobic, hydrophobic), decorative ink, or number of drill holes
for cameras or sensors. PMMA, a cheaper, lighter, and shatter-
resistant alternative to the more durable and optically transmis-
sive glass option, can reduce these costs by up to 50%.

However, PMMA sensors may suffer from lower signal
sensitivity. Also, PMMA is more flexible than glass, so it can
exhibit panel-bending issues when a finger or other object
presses down with significant force. Panel bending can cause
false and inaccurate touch reporting. Still, a glass substrate
or an additional shield layer in the touchscreen sensor can
prevent panel bending, so the cover lens material must be pre-
cisely considered for any touchscreen sensor stack-up (Fig. 2).

Touchscreen sensors are complex structures. They are built
by sputtering indium tin oxide (ITO) onto a glass or polyeth-
ylene terephthalate (PET) substrate and then etching away a
proprietary pattern into the ITO. The patterns and structures
that compose each sensor layer are custom to the design needs
of the system.

Standard touchscreen designs typically use two-layer ITO
touchscreen sensors such as the MH3 and diamonds sensors
in Figure 2 to achieve good accuracy, linearity, and multi-
touch performance. Two-layer sensor designs use either glass
or polyethylene terephthalate (PET) substrates. PET is cheap-
er and provides better display noise immunity but will suffer
from slight optical clarity degradation. Ultimately, the most
effective method of lowering touchscreen sensor costs is to
reduce the number of stack-up layers.

By integrating single-layer sensors, system designers can
decrease sensor costs by up to 50%. Fewer layers—substrate,
ITO, optically clear adhesive (OCA)—help touch-panel ven-
dors trim material and tooling costs. Handling fewer layers
also improves manufacturing yield. Low-cost single-layer
touchscreens use a single PET substrate with a simplified
proprietary pattern with good optical transmissivity.

Active FPC

Touch sensor

Touch controller

Display

I. A standard capacitive touchscreen system comprises a projected capaci-
tive touchscreen sensor laminated to a protective cover lens, a bonded FPC
with the touchscreen controller mounted to it, and the display.
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A Robust 10MHz Reference Clock Input Protection Circuit und
Distributor for RF Systems — Design Note 514

Michel Azarian

Introduction

Designing the reference input circuit for an RF system
canprovetricky. One challenge is maintaining the phase
noise performance of the input clock while meeting the
protection, buffering and distribution requirements for
the clock. This article shows how to design a 10MHz
reference input circuit and optimize its performance.

Design Requirements

RFinstruments and wireless transceivers often feature
an input for an external reference clock, such as the
ubiquitous 10MHz reference input port found on RF
instruments. Many of these same systems include a
provision to distribute the reference clock through the
system. Figure 1 shows a common scheme, where
the reference clock supplies the reference input to two
distinct phase-locked loops (PLLS).

A well-designed, robust input would accept both sine
and square wave signals over a wide range of ampli-
tudes. It would maintain a constant signal level drive
to the destination PLL inputs inside the system, even
in the face of varied inputs. The exposed-to-the-world
referenceinputportshould have overvoltage/overpower
protection. Most importantly, the inevitable degrada-
tion in the phase noise performance of the clock signal
should be minimized.

Design Implementation

The LTC®6957 is a very low additive phase noise (or
jitter) dual-output clock buffer and logic translator. The
input of the LTC6957 accepts a sine or a square wave
over a wide range of amplitudes and drives loads at
constant amplitude.

10MHz  pL|1
PLL1 REF  ~—\ LO1

(&

PROTECTION
10MHz
REF IN 10MHz  pLL2 L02 OR

PLL2 REF_ 7~ ADG/DAC CLOCK
N\

DN4MA FO1

Figure 1. Block Diagram of a Common Reference Input
and Reference Distribution for an RF System

The LTC6957 offers various outputlogic signal options:
PECL, LVDS and CMOS (in-phase and complementary),
allowingitto drive awide range of loads. Figure 2 shows
a 10MHz reference input circuit using the LTC6957-3,
which produces two in-phase CMOS outputs.

The transformer shown in Figure 2 serves several func-
tions. First, in conjunction with the Schottky diodes
following it, it offers input overpower/overvoltage
protection. The diodes limit the AC voltage seen by the
LTC6957-3. The WBC16-1T can handle up to 0.25W
power (3.5Vgms into 50Q).

The transformer also isolates the connector ground—
which is usually tied to the chassis of the RF system—
from the internal analog ground of the system.

Furthermore, the transformer applies a voltage gain to
the incoming signal, thus steepening the edges seen
by the LTC6957-3. This helps reduce AM-to-PM noise
conversion, whichinturnlimits phase noise degradation,
especially with small input signals. The WBC16-1T has
a voltage gain of four. It is possible to rely on the trans-
former’svoltage gain of four,as opposedto its maximum
and ideal power gain of one, because the LTC6957-3
presents a high impedance load to the transformer.

R1and R2 can be adjusted in combination to match the
input portto 50Q2. Forsmallinputsignals, the diodesare
off and the transformer sees a load of 8042 in Figure
2. That load is reflected to the input as approximately
50Q because ofthetransformer’s primary-to-secondary
impedance ratio of 16. For larger input signals, the
Schottky diodes turnon, reducing the 604Q resistance
to nearly a short circuit. This degrades the reference
input return loss—a problem that can be avoided by
adjusting the values of R1 and R2, but there are trade-
offs to doing so.

For large input signals, the input return loss can be

improved by increasing R1’s value, and reducing R2’s
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. 10MHz Reference Input Circuit Employing the LTC6957-3 with Front-End Protection,
Shown with Test Signal and Phase Noise Measurement Set-Up

value, such that their combined series resistance re-
mainsaround 800Q2. However, since R1appearsin series
with the signal, it adds noise to it. A larger R1 comes in
combination with a smaller R2, resulting in a smaller
portion of the signal appearing at the LTC6957-3’s
input, further degrading the phase noise performance.
In other words, the designer can trade off phase noise
performance for input return loss by playing with the
values of R1and R2. The values shownin Figure 2 strike
an overall balance of these two performance metrics.

The AC-coupling capacitor separating the connector
fromthe transformerin Figure 2 offers input protection
from DC sources.

The LTC6957-3 has internal lowpass filters that can
be selected via the FILTA and FILTB pins. This option
strategically limits the bandwidth ofthe LTC6957’s first
amplifier stage, and hence, the additive phase noise of
the circuit, especially when the input signal is weak as
shown below.

Performance

A 10MHz 0CXO0 is connected to the input of the circuit
viaastepattenuatorasshowninFigure 2. The reference
inputsignalisvaried between—10dBmand 10dBm while
measuring the phase noise floor at the output of the
LTC6957-3 with different input filter settings using the
Agilent E5052A signal source analyzer. Figure 3 shows
the phase noise floor of the 10MHz CMOS clock output
of the LTC6957-3 measured at a 100kHz offset.

If the amplitude of the externally applied 10MHz refer-
ence signal is not known, pulling FILTA low and FILTB
high yields good overall phase noise performance as

Data Sheet Download

www.lingar.com/product/LTC6957

shown in Figure 3. Nevertheless, performance can
be optimized if the applied signal level at the input is
measured and appropriate filter settings are applied.

The R1 and R2 values chosen in Figure 2 result in an
input return loss of —9dB when the reference input’s
power is 0dBm into 50Q. The return loss is better at
lower input powers and worse at higher powers.
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Figure 3. 100kHz Offset Phase Noise Floor at the Output
of the LTC6957-3 vs 10MHz Reference Input Power Level
for Various LTC6957 Filter Settings

N
=
&

L
o
o

PHASE NOISE FLOOR AT 100kHz OFFSET (dBc/Hz)

Conclusion

A robust, high performance 10MHz reference input
circuit is built around the LTC6957-3. Features include
awide range of input signaltype and level compatibility,
protection and clock distribution with limited phase
noise degradation. The circuit’s phase noise and input
returnlossare evaluated and optimized. The LTC6957-3
simplifies the design process while achieving excellent
overall performance.
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From a performance standpoint, single-layer sensors fea-
ture lowered accuracy and linearity and limit the number of
supported finger touches (usually one finger or two fingers
only). These low-cost single-layer sensor solutions are ideal
for low-end smart phones and feature phones.

Designers who previously used resistive touchscreens or no
touchscreens should find this stack-up option well suited to
their design and budget needs. Compared to resistive touch-
screens, single-layer capacitive touchscreens offer distinctive
advantages, including improved optical clarity, lower power,
increased durability, and enhanced user experience.

Single-layer multi-touch solutions such as Cypress’s SLIM
(Single-Layer Independent Multi-touch) can cut costs as
much as 40% compared to dual-layer sensors. Single-layer
sensors present slightly lowered performance but excel in
supporting the thinnest form factors. Single-layer multi-touch
sensors also support thin border or borderless touchscreen
sensors, thus extending the touchscreen active area. Design-
ers who are interested in reducing both cost and thickness can
consider single-layer sensors as a viable option.

Smaller screen sizes are significantly more economical.
The size of the active area will impact touchscreen costs.
Clearly, system designers must consider all paths to optimize
panel design and selection.

One layer One layer
Cover lens 3 o 2. Modern
OCA 2 touch products
— ITO .
bET : use multiple
types of sensor
stack-ups.
LCS SLIM
FPC DESIGN

Another avenue for reducing device costs is through FPC
design. The FPC connects individual sense input/output (I/
Os) from the touchscreen panel to the touchscreen controller
and from the touchscreen controller to the host processor.

FPCs can be active or passive. In active FPCs, the touch-
screen controller and any other required external components
such as resistors and capacitors are mounted onto the FPC
itself. In passive FPCs, the FPC only includes routing traces
and the touchscreen controller, and external components are
mounted onto a printed-circuit board (PCB).

Whether active or passive, FPCs can be routed in several
ways. The more efficient and versatile the routing, the easier it
is for other hardware components to be integrated. However,
costs do increase with the number of layers required for rout-
ing. Thoughtful routing on a single layer will help minimize
FPC costs. Single-layer routing also has considerable advan-
tages for both signal integrity and compact FPC design.

DISPLAYS

In a touchscreen system, the projected capacitive touch-
screen sensor sits on top of the display. Displays are inher-
ently noisy, which can cause display noise to directly couple
with the touchscreen sensor (Fig. 3). This diminishes touch
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sensitivity and produces false touch activation. Good design
choices can mitigate display noise and have a substantial
impact on performance and cost.

To block display noise, the industry traditionally imple-
ments an additional ITO “shield” layer between the display
and touchscreen sensor. Though effective, the shield layer
adds cost and increases the thickness of the touchscreen mod-
ule. An alternative is using a tiny air gap, typically between
0.2 mm and 0.5 mm, to separate the display from the touch-
screen sensor.

An air gap is more cost-effective than a shield layer, but
it also increases the touchscreen module thickness, which is
becoming undesirable to OEMs looking to build sleeker and
thinner devices. A more important design choice will be the
selection of the display itself.

Currently the most popular displays used for mobile phones
and tablets are thin-film transistor (TFT) LCDs, which are
commonly available in two flavors: dc common voltage
(DCVCOM) and ac common voltage (ACVCOM). The dif-
ference is the method used to drive the common electrode lay-
er (VCOM). Another increasingly popular display in high-end
devices is the active-matrix organic LED (AMOLED) with its

3. Displays are inherently noisy. Noise from displays can capacitively
couple with the touchscreen and diminish touch performance.

wide viewing angles, improved brightness and contrast, lower
power consumption, and reduced thickness.

AMOLEDs emit very little display noise and are among
the quietest displays, but they are expensive. DCVCOM is
also generally a quiet display and expensive. In contrast,
ACVCOM is high-noise but relatively cheap. The choice of a
display greatly relies on the device’s intent for end customers.
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The target application will deem the hardware and perfor-
mance that are suitable for its customers.

TOUCHSCREEN CONTROLLER

Though it isn’t as expensive as the display or the touch-
screen panel, the choice of the touchscreen controller has the
most impact in terms of touchscreen system performance.
The touchscreen controller incorporates capacitive sensing
and processing technology to resolve finger touches and
gestures by reporting their location and behavior to the host
processor.

When a finger is placed on a projected capacitive touch-
screen, the touchscreen controller detects a change in capaci-
tance and converts that information into digital values. This
digital conversion is further processed using sophisticated
touch resolution algorithms within the touchscreen controller
before passing on touch coordinates and other relevant data
to the host processor.

Noise-sensitive signals are a major technical challenge for
touchscreens. Controllers that employ high-quality analog
front ends, built-in noise handling capabilities, and sophis-
ticated processing algorithms is mandatory. With touch
becoming the user interface of choice for many consumer
electronic devices, the quality of touchscreen controllers will
directly impact the end product user experience. Choosing
the right touchscreen controller is integral to achieving per-
formance and cost benefits.

A controller that provides high signal-to-noise ratio (SNR)
and effective noise handling will be able to compensate for
the signal strength degradation that comes from noise sourc-
es, such as a cheaper PMMA cover lens or a noisy ACVCOM
display. To help optimize the performance of low-cost and
multi-touch single-layer sensors, touchscreen controllers
must supply compatible processing algorithms. In addition,
the cost benefits of single-layer FPC routing can only be real-
ized if the touchscreen controller pinout allows for flexible
routing design.

Touchscreen controllers can also reduce system costs
through some of the advanced features they support. For
example, most touchscreen controllers interpret water on a
touchscreen as a finger touch because the mutual capacitance
signatures of water and a finger are similar. To solve this
problem, touchscreen panel vendors can add an expensive
layer of hydrophobic coating to the cover lens.

When drops of water land on the cover lens, the coating
helps to break them apart into smaller droplets so they no lon-
ger register as touches. All the same, a touchscreen controller
that enables water rejection natively through the use of its
hardware and firmware features can detect and reject water
on the touchscreen with built-in algorithms and can save the
OEM additional coating costs. 2
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DARVIN EDWARDS | CONTRIBUTING TECHNICAL EXPERT rvin@ti.com

GREAT THERMAL
DESIGN ENHANGES

LED RELIABILITY

LED market penetration will continue to
grow as costs decline and efficiencies
improve. Thermal design will play a vital
role in ensuring the market’s growth.

LED ADVANCES ARE revolutionizing the lighting landscape,
enabling higher levels of energy efficiency, longer lifetimes,
and new applications. LEDs can provide illumination for
hours from solar-cell energy stored in batteries, bringing light
to remote areas where electric grids haven’t reached. They
also can provide programmable color pallets for new lighting
applications in the home. Replacing incandescent lights and
other less efficient technologies can help reduce the world’s
overall energy usage as well.

If costs continue declining, LEDs should replace the now
dominant but environmentally unfriendly compact florescent
bulbs. Promisingly, LED technology is becoming more pow-
erful and economical at a relentless pace. Haitz’s law notes
that the cost per lumen drops by 10 times while the light out-
put increases by 20 times per decade.

As with any new technology, birthing hurdles need to be
overcome. We’ve all been blinded by first-generation LED
automobile headlights that concentrated too much light into
pinpoint sources that were too bright. LEDs can be danger-
ously intense.

Panels of lower-powered arrayed LEDs can reduce this
danger. In fact, rear panels covered with LED arrays light
many widescreen LCD televisions. Designers are well
advised to design for LED light safety as governed by mul-
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I. The lifetime to 50% luminance reduction for LEDs under various drive
currents and junction temperatures ranges from a high of about 4000
hours at 100°C to a low of only 200 hours at 195°C, demonstrating the
strong influence of temperature on LED life.'

tiple standards such as IEC 60825-1 for LED lights and
lasers or the more recent IEC 62471 on the photobiological
safety of lamps.

FUNDAMENTAL CHALLENGES

Heat is a primary LED performance and reliability enemy.
LED lifetimes often are classified by the time to reach either
50% or 70% of their original luminosity. Figure 1 shows a
plot of mean time to failure (MTTF) for a sample of LEDs
tested to a 50% decrease in luminous flux as a function of
the forward bias drive current and junction temperature.!
Lifetimes ranged from a high of approximately 4000 hours at
a 100°C junction temperature to a low of approximately 200
hours at 195°C.

Manufacturers often specify operating junction tempera-
tures of 80°C to 110°C to maximize the LED lifetime and
avoid the luminosity falloff (Fig. 2).> To the system designer,
this means controlling the system thermal performance to
provide adequate thermal management for optimized LED

reliability. A good understanding of LED failure mecha-
nisms helps to explain why.

Heat drives most LED degradation mechanisms. Lat-
tice dislocations in the LED active junction can nucleate
and grow rapidly during high-current operation and high
junction temperatures due to intrinsic lattice mismatches
between the LED materials.>* These dislocations decrease
light conversion efficiency. Better materials and process-
ing of the fundamental LED substrates are minimizing this
permanent wearout mechanism, but keeping the LEDs cool
through design is still the number one defense.
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A plastic lens that concentrates the LED light output sur-
rounds many LEDs. At high temperatures and after long dura-
tions, the lens material can discolor and attenuate the LED
light output.>® Lens crazing or cracking can also occur. Lens
materials that can withstand the expected usage temperatures,
as well as design to control the temperatures, must be selected
to minimize lens yellowing.

High junction temperatures for prolonged times impact the
LED color spectrum, especially the spectrum of white LEDs.
White LEDs can be created in multiple ways by integrating
two or more color-emitting diodes. Di-chromatic monolithic
LEDs employ blue and yellow emitting diodes to create a
white hue. Tri-chromatic diodes integrate blue, green, and
red diodes, and tetra-chromatic diodes integrate blue, cyan,
green, and red to improve the white balance.

Non-uniform color attenuation through thermal degrada-
tion of one LED over another changes the hue of the light.
White LED chromatic balance is often enabled or enhanced
by coating multiple phosphors on the LED surface. The phos-
phor coating performs a light spectrum conversion, absorbing
photons at one frequency and emitting at other frequencies to
provide a more pleasing and uniform light color. At high tem-
peratures, phosphor material degradation has been reported,
changing the spectrum of the light emitted and the efficiency
of the LED.

Thermal path disruption can occur if the die-attach material
adhering the LED to the heat spreader breaks down, fatigues,
or loses adhesion during the device lifetime. A typical LED
thermal path consists of an LED die-attach thermal interface
material 1 (TIM 1) connecting the LED to a heat slug. A TIM
2 connects the LED heat slug to the system printed-circuit
board (PCB) that heatsinks the LED package. The PCB is
sometimes manufactured with a metal core (MCPCB) for
improved thermal performance.
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2. As the junction temperature increases, luminosity decreases. For “white”
LEDs derived from combinations of colored LEDs, this change in luminance
impacts the color spectrum.?
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3. Heat conducts from the LED die through the TIM I into a heat slug
and then through TIM 2 into spreading planes in the PCB.

LED TIM 1 materials are similar to IC package die attach-
es. Both solders and epoxies are common. Silver sintered
die-attach materials are available for extremely high thermal
conductivity requirements. TIM 2 materials are most often
metal filled epoxies, though solder can provide improved
thermal conduction to the PCB. Thermal path degradation
increases electrical resistance and reduces LED efficiency
when the thermal path doubles as an electrode connection.
Complete opens of the thermal path can result in catastrophic
LED failure and must be avoided.

What is the source of high junction temperature? As with
any standard IC, heat is generated in the LED when current
flows through the resistive anode and cathode. The power
to be dissipated can be calculated with the simple equation
Power = I’R = VI. High-power LEDs can dissipate 0.3 to 4 W,
with many going to much higher levels. Small chip size and
even smaller junction areas can drive power dissipation densi-
ties to 300 W/cm?, higher than most IC devices.

As the temperature of the LED rises, heat is conducted
through the package structure into the PCB (Fig. 3). Spread-
ing planes in the PCB may be all that are needed to conduct
heat away from the LED, providing area for radiation and
convection into the system.

Providing the lowest thermal resistance from the LED
junction to the system PCB or heatsink can thermally enhance
the LED package. This is accomplished by selecting highly
effective and thermally conductive TIM 1 and TIM 2 mate-
rials that have low thermal interfacial resistances; ensuring
that the heat spreader is sized to optimally spread heat; and
providing a robust means of heatsink attachment.

Other applications may produce more power, requiring
more elaborate cooling schemes. For example, the LED bulb
from Switch that’s pictured in Figure 4 consists of a series
of LEDs mounted on metal prongs. The entire volume of
the bulb is filled with silicone fluid to provide natural con-
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4. Some LED light
bulb incandescent
replacements rely
on fluid convec-
tion around LEDs
mounted on heat-

A
Lmnu -

sinking prongs sub-
merged in a silicone
medium for thermal

management. (cour-

i
|

tesy of Switch)

vection, cooling the top of the LEDs
in addiion to the metal prongs, which
serve as heatsinks. This bulb dissipates
20 W for an equivalent 100-W incan-
descent lumens output.

RELIABILITY AND COST EFFICIENCY

Depending on the application, the
thermal management technologies can
drive most of the LED cost. Design
optimization is all the more crucial
when thermal management is the pri-
mary cost driver. The analysis must
incorporate system details to ensure all
factors are considered upfront.

For example, cooling an LED in a
flashlight requires different approaches
than cooling an LED used in a com-

pact conference room projector.
The thermal designer must
work in concert with
the system designers
to ensure the most
economical solu-
tion, perform-
ing cost/perfor-
mance tradeoffs,
and inventing
innovative solu-
tions to the ther-
mal challenges.

Coefficient of
thermal expansion
(CTE) mismatch-
es in the package
create thermome-
chanical stresses
just as they do in
standard IC packages.
These stresses fatigue
solder joints, may result
in interfacial delamination,
may crack the LED housing,
and can lift bond wires.

Many LEDs experience mul-
timillion lifetime power cycles
when they’re run off of pulsed
power sources. Other LEDs
employ flip-chip solder bump
technologies that are susceptible
to the same solder fatigue as IC flip-
chip components.

A thorough understanding of the
package’s transient thermal perfor-
mance is required to adequately cal-
culate the heating and cooling expe-
rienced during each power cycle to
estimate long-term reliability. Reliabil-
ity test regimes should include accel-
erated power cycling to validate long-
term reliability and reliability models.
Understanding the coupled thermal
and thermomechanical performance
through modeling should guide the
package and system design for the most
reliable performance.

For example, increasing the thermal
mass of the package or heat spread-
ing board reduces the thermal swing
seen on each power cycle, potentially
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extending the device lifetime. Addition-
ally, increased thermal mass reduces the
peak junction temperatures experienced
during power cycling.

Other failure mechanisms must be
designed out. Under extremely high
burst currents, or electrical overstress
(EOS), the wire bonds providing electri-
cal connectivity between the LED and
package can melt or fuse, which must be
avoided. Electrostatic discharge (ESD)
is another LED failure mode, but the use
of a Zener breakdown diode in parallel
with the LED can minimize it. Many
LED light modules include the Zener
diode built into the package.

Increasingly, LED lights are displac-
ing older technologies with improved
efficiency and reliability as well as
lower maintenance costs. LED market
penetration will continue to grow as
costs decline and efficiencies improve.
Thermal design of the LED system
plays a key role in providing reliable
operation and in finding the lowest-
cost cooling solutions. T
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Use An LED Dot-Graph Display
To Compiement Your DUM Readout

LEDS OFTEN ARE used to form a dot/bar graph dis-
play.’# You also can use an LED dot-graph display V.
as a complement to a digital voltmeter (DVM) with
the LM3914 dot/bar display driver and nine LEDs.>
This is useful where the input voltage is unstable, so
the voltmeter indications are variable and the result
is hard to read and understand.

By adding an associated circuit, the DVM measures
and displays the approximate mean value of the input
voltage, while the LED dot-graph provides informa-
tion about the voltage’s stability. This approach is
suitable for rapidly testing power supplies.

The input signal passes through low-pass filter
RICI to a digital voltmeter (Fig. 7). The filter’s out-
put is the mean value of the input signal, so the volt-
meter indicates it is stable, and it is easy to read. (If
the digital voltmeter has a built-in averaging option,
the low-pass filter is not required.) Capacitor C2
passes the variable component of the input voltage to
Ul, and the LED dot graph that U1 drives indicates
the intensity of these variations.
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I. The LED dot-graph display uses a standard display driver preceded by a high-pass
filter. It visually complements a digital voltmeter's numeric output.

Figure 2 (obtained by simulation) shows how the low-pass REFERENCES
and high-pass filters pass the mean and variable components of 1. “LED bar-graph display represents two digits,” Ajoy Raman,

the input signal, respectively. If the input voltage is stable and
doesn’t have any ripple, only central LED D5 lights up.

As voltage ripples increase, the adjacent diodes begin to
flicker. For larger ripples, more of the adjacent diodes light.

Potentiometer P controls the LED dot-graph’s sensitivity, with 3.

maximum sensitivity of 0.125 V when P is set to 0 (). Nine of
the 10 available LED outputs are used. %]

T R —

2. The simulation of the waveforms of V|, (V[n001]) as well as the volt-
age at the low-pass filter output (junction of RI/C1) (V[n002]) and at the
high-pass filter output (junction of R2/R3/C2) (V[n003]) show how the
low-pass and high-pass filters pass the mean and variable components of
the input signal, respectively.
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“Drive 16 LEDs with one I/O line,” Zoran Mijanovic and Nedjeljko
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Lamp Eliminates Need For Limit

A FRIEND OF a friend asked me how to best open and close a
flap at the end of a tube: pneumatics, hydraulics, electrical,
or what? It was an automotive application and no hydraulic
system or compressor was available. So, the answer seemed
obvious: a 12-V dc, small-gear motor.

I. A low-wattage, low-
voltage incandescent
lamp in the flap’s
motor-control circuit

@

Low-voltage
lamp

Vhlus/minus O

DC

. e
eliminates the need moter

for limit switches or a
vMinus/phJs (o,

microcontroller.

The friend said he had tried that already, but he ran into
problems with limit switches. The need for a constant closing
force at the end of travel was another complication. Adding a
microcontroller was too complicated, he said.

There seemed to be no simple answer. But eventually a
solution came to me. And all it requires is a low-wattage, low-
voltage incandescent lamp added to the motor circuit (Fig. 1).

The relationship between voltage and current in a small incan-
descent lamp is very nonlinear (Fig. 2). The tungsten wire in the
lamp has a low resistance when cold. That’s in the region up to
around half a volt. Cursors CI and CII indicate that the slope in
that region is 0.439/1.267 = 0.35, while the slope between the
origin and CIII (nominal voltage and current) is 2.12.

So, the lamp acts as an automatically changing resis-
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resistance six times higher when fully loaded. That’s
exactly what we need to run an actuator without limit
switches, microcontroller, transistors, or whatever.

Figure 3 shows flap position, motor voltage, and
motor current in a close/rest/open/rest/power-off
cycle. The motor current’s variations (red trace) reflect
a badly aligned coupling and noise in the commuta-
tor. That is always present in small dc motors. But the
motor used in this application is worse than most other
motors in that respect. Despite that, the movement
(grey) is smooth and well-defined.

When the flap hits the mechanical stop (flap closed),

2. The lamp’s current-voltage curve (vertical versus horizontal) illustrates the non-

linearity that makes this solution possible.

the motor stops and the back electromagnetic field
(EMF) drops to a low value, which means that current
would have risen to perhaps five or 10 times the run-
ning current, depending on which motor and which
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supply is chosen. That, of course, would destroy the
motor and is why limit switches and controllers are
needed to switch off, or reduce, current.

By adding a simple low-wattage and low-voltage
incandescent lamp to the circuit, you can avoid this
problem and keep the motor current at a low level that
the motor can tolerate indefinitely. You can even use
the lamp as a visual indicator that the flap has reached
its closed (or open) position. And, the reduced current
needed to keep the flap tightly closed comes without
even asking for it. k

GUNNAR ENGLUND, electrical engineer, worked
with ABB and Siemens for many years and is now

3. A plot of the circuit’s operation shows the smooth, well-defined movement
flap despite the variations in the motor’s current.
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an independent consulting engineer. He is mostly
active in research and problem solving regarding
EDM in bearings (bearing currents).
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ANTONY CORRIE | HARVARD ENGINEERING  ussales@harvardeng.com

LED Lighting Depends On Drivers

LED lighting will drastically reduce energy expenditures, significantly reduce green-
house gases, and provide increasingly sophisticated lighting options—but only with

driver technology.

FIGURES INDICATE THAT widespread use of LED lighting by 2027
could save the equivalent electricity of that produced annually
by 44 large electrical power plants, worth $30 billion based on
today’s electricity prices. One fifth of global electricity is used
in lighting, producing 1.9 billion tons of carbon dioxide (CO,)
annually. To put that into context, that’s 70% of the world’s
passenger vehicle CO, output and 6% of global greenhouse
gas emissions, so the potential for energy savings is immense. !

LED lights and drivers continue to be among our most rapidly
developing technologies with new innovations emerging on an
ever-rolling production line (see “LEDs: In The Beginning,”
at electronicdesign.com). White LED efficiency has already
increased by a factor of 10 since 2000. By 2020, the
U.S. Department of Energy (DoE) estimates that
commercial LED lighting efficiency will
be as high as 258 lumens per watt,
or two and a half times as effi-
cient as today’s fluorescent
lamps, resulting in 90%
energy savings. By then,
the cost of LEDs will fall
by 80% and global penetra-
tion will be 60%. In fact,
the DoE believes that no other
lighting technology offers the United States so much potential to
save energy and enhance the quality of its building environments.

Shops, offices, factories, warehouses, art galleries, schools,
and museums are just some on a long list of private and public
spaces offering a massive potential market for the new tech-
nology. A significant proportion of that market will be retrofit
rather than newly built, as 80% of the buildings that will be in
use in 2050 have already been constructed.

LED lights are nothing without an LED driver. However,
not many people are aware of drivers and how vital they are in
providing the variable and highly adaptable range of lighting
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ANTONY CORRIE is the vice president of
Harvard Engineering Americas. He joined
Harvard fo set up its Americas division in August
2012. Previously, he was regional vice president
for Southern Callifornia at Future Electronics,

where he grew sales fo more than $100 million

annually and managed 50 people.
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UL-approved CoolLED CL ana-
log driver can be used to power high-
brightness LEDs from a mains supply.

designs now offered. LED drivers are the interface between
the fittings and the mains power supply. Every lighting solu-
tion requires a unique driver design, and rapidly evolving
driver technology is providing ever more comprehensive
options to provide energy savings, definition, ambience, or
old-fashioned wow factor.

WHAT’S NOT TO LIKE?

The initial cost of installing LED lighting is higher than

traditional technologies, but energy and maintenance cost sav-

ings cancel that out very quickly. They cost

$=. less over the life of the system and provide

: a better, brighter quality of light. Also,

e exchanging incandescent bulbs for

LEDs can reduce a building’s carbon
footprint from lighting by 85%.

LEDs have an average lifespan of
over 100,000 hours, or 11 years of
continuous operation or 22 years at
half power. That’s more than 10 times
longer than any other light source on
the market. LED lifetimes are rated
differently from those of conventional
lights, which go out when the filament
breaks. An LED’s typical lifetime is defined as the average
number of hours until light falls to 70% of initial brightness. By
dimming over time in contrast to the abrupt failure of traditional
bulbs, operators can replace the fitting before the lights go out,
which is an advantage in safety-critical environments.

LEDs emit more light per watt than traditional light bulbs,
which is where the energy savings come in. In addition, their
efficiency is not affected by shape and size, unlike fluorescent
light bulbs or tubes. Conventional light bulbs waste most of
their energy as heat. For example, an incandescent bulb gives
off 90% of its energy as heat, and a compact fluorescent bulb
wastes 80% as heat. LEDs remain cool. This obviously leads
to additional savings in air conditioning. Furthermore, LEDs
give off light in a specific direction and are up to eight times
more efficient than incandescent and fluorescent bulbs, which
waste energy by emitting light in all directions.

LEDs light up very quickly and can easily be dimmed either
by pulse-width modulation or by lowering the forward current.
In addition, they don’t use lead or mercury, so they’re kinder
to the environment. And since they don’t have any glass com-

1. Harvard Engineering’s
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ponents, they aren’t vulnerable to vibration or breakage like
conventional bulbs. LEDs are therefore well suited for use in
areas like sports facilities and high-crime locations.

THE HEART OF THE LED

LEDs offer huge benefits. But to ensure optimum energy
efficiency, reliability, and durability, they need the support of
dedicated control gear. LED drivers play an important role in
the overall design of lighting by regulating the power output.
The main task of an LED driver is a constant light output,
meaning a steady power supply to the LEDs, despite possible
power variations (Fig. I).

With LED drivers, users can choose between different power
supply options, ranging from simple to sophisticated, to achieve
maximum energy efficiency. Users also gain a variety of con-
figuration options and adjustable soft start or emergency light
functions. LEDs are ideal for applications using occupancy
sensors, time-based switching, or switched daylight harvest-
ing, which involves turning off half of the lights when a certain
ambient light level is detected. The LED driver determines the
quality of control performance.

Ultimately, efficiency and durability are tied not only to the
LEDs themselves but also to the drivers that operate them. At
their simplest, these drivers take the input current and input volt-
age and then reconfigure them for use by an LED. In that sense,
they are a lot like the ballasts that have been used for decades in
fluorescent lights.

Drivers are key in enabling market growth for LEDs in sev-
eral ways. Innovations in design are allowing products to do
more with less by improving the overall efficiency. Yet there is
a misconception that driver technology is static and standard-
ized. The reality is that there is no such thing as a “universal”
LED driver. Every application requires a unique driver design,
and the quality of the driver has a significant effect on the per-
formance of the LED.

A range of factors determines the type of LED driver required,
including the type and quality of LEDs being installed, whether
they will be placed individually or in series strings, whether
there are size limitations, and, ultimately, the main design goal
of the installation.

Today’s drivers come in two versions, constant current and
constant voltage, with a number of variations. In simple terms,
constant current drivers are used to power individual bulbs or
multiple bulbs connected in series. Constant voltage drivers are
best for applications where the user requires flexibility with
the number of luminaires connected in parallel to one power
supply. As lamps are added, the current will increase to the
maximum limit.

DIMMING

With the overall design goal in mind, another important
lighting concept is the availability of dimming functions. With

ELECTRONIC DESIGN GO TO ELECTRONICDESIGN.COM

dimmable drivers, LEDs can be used to create a certain ambi-
ence or to highlight certain features. In addition, dimmable
drivers allow for further energy savings to be achieved as they
work on the premise that the human eye struggles to distin-
guish between LED lights that are on at 100% and those that
are on at 90%.

It is a common mistake to think that dimming lights will
result in a loss of light. The opposite is actually true. Although
the driver efficiency will reduce a little as the LEDs are
dimmed, overall significant energy will be saved. Also, dim-
ming lights to half power can greatly extend the lifespan of
LEDs, decreasing maintenance costs.

LEDs usually can be dimmed between 100% and 5%, or
even lower, and are controlled by a phase dimmer switch,
Digital Addressable Lighting Interface (DALI) controller, or
0-10V controller. DALI is widely recognized as the leading
intelligent dimming protocol for LEDs. DALI drivers enable
users to program their LED installations using digital signals
to send control information to each light. Users then can set
different lighting and ambient levels for displays, maximizing
their investment.

0.4MM PITCH, STACKING TYPE BOARD-TO-
BOARD(FPC) CONNECTOR WP3 SERIES

The WP3 series is a low-profile board-to-
board(FPC) connector with 0.4mm pitch spacing
that is ideal for high-density mounting in slim infor-
mation communication devices like mobile phones,
smartphones, and notebook PCs.
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877-683-6723
www.heilind.com/rpages/jae_wp3_ed
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Analog 0-10V drivers offer a |
less costly and more basic dim-
ming solution to the DALI digital
protocol. They can be easily pro-
grammed with a simple passive
controller or a fixed or variable
resistor. These controls use volt-
age input to manage the intensity
of the light. For example, lights
would be on at 100% at 10 V. At
5V, lights would be powered at
50%. At 0V, lights would be off.

Two main dimming protocols
typically use a phase control
dimmer switch: triac (leading edge) and
trailing edge. Triac is the cheapest and
most common method of dimming, but it
generates an undesirable amount of elec-
tromagnetic interference (EMI). Trailing
edge dimming is more expensive than
triac but produces much less EMI.

energy and more dramatically show off its cars.

THE RESULTS ARE CLEAR

LED lighting gives off a better, bright-
er quality of light. When it’s used with
the right kind of driver, it also can pro-
vide a highly adaptable and flexible
lighting environment using an array of
color temperatures and profiles (see

“LEDs Kick Off A New Lighting
Era At Manchester United” at
electronicdesign.com). An expert
lighting consultant is as important
as a good builder.

In the workplace, good light-
ing can have a positive influence
on health, improving absentee-
ism. It decreases eye strain, head-
aches, nausea, and neck pain. On
@ the factory floor, better lighting
improves performance. Increasing
light levels from 300 lux to 2000
lux improves productivity by 8%,
increases task performance by 16%, and
reduces rejects by 29%. It also makes a
positive contribution to safety, reducing
accident rates by 52%.2

In retail, clever lighting choices
can subtly influence consumer buying
decisions, and LED lighting provides

ZGATF

EMBEDDED SECURITY

Block Unauthorized Access at the Device Level with

Zilog’s ZGATE™ Embedded Security

Zilog introduces ZGATE™ Embedded Security, which combines multiple world-class technologies for safer, faster and better deployment of your
embedded communication applications. Incorporating the eZ80F91 MCU and Zilog's full-featured TCP/IP stack with a world-class embedded
firewall produces technology that provides the tools to design, build and bring your communication product to market.
ZGATE Firewall Features
« Ethernet, IP/UDP/TCP/ICMP filtering
« Extremely low latency; tests show improved network throughput under load by blocking
packets earlier
« API for event logging
« Easily-configurable filtering rules:
- Static/rules-based filtering blocks packets based on configurable rules
- Dynamic filtering/stateful packet inspection (SPI) blocks packets based on connection
state
- Choose your firewall package based on application requirements — see table below

Firewall Package
Extended
Yes
Yes

100 ports, 100

Firewall
Package

Firewall Features Part Number Flash | SRAM | Temperature Package

Standard
Yes
Yes
15 ports, 10

Premium*
Yes
Yes
100 ports, 100

Static filtering
Stateful packet inspection

EZ80F91GAZOAEG
EZ80F91GAZOBEG

Premium | 256 KB | 16KB | -40°C to 105°C | 144-pin LQFP

144-pin LQFP

Extended | 256 KB | 16KB | -40°C to 105°C

protocols, 10 IP
addresses & 10
MAC addresses

Port, protocol and
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addresses & 100
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ZGATE Embedded Security Development Kit
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the flexibility to highlight products and save energy where
less light is needed. Leading U.K. retailer Next plc recently
announced the rollout of 110,000 LED luminaires across its
stores. Luxury car manufacturer BMW is also in the fast lane,
having already installed LED solutions in a number of show-

rooms including its prestigious premises
in Rome, Italy (Fig. 2).

Well known for its high-end exclusive
models, BMW wanted to update its light-
ing not only to be energy efficient, but
also to provide a fresh and highly cre-
ative approach to showcasing its cars. A
combination of Harvard Engineering’s
dimmable CoolLED drivers, Projection
Lighting’s AlphalLED Gyro Cube, and
Xicato’s LED modules proved to be the
perfect solution.

These drivers can control the volt-
age within each light to provide diverse
lighting levels in different areas of the
showroom, while keeping the overall
appearance of the lighting consistent.
This means that BMW is able to dim the
level in the general showroom to 600 lux,
while maintaining light over the cars at a
higher level of 800 to 900 lux, creating a
visual and inspirational dynamic highly
relevant to the luxury brand. The result?
Diverse but sophisticated lighting levels
that highlight the star quality of BMW'’s
prestigious cars.

The LEDs installed in the showroom
have provided BMW with a number of
other advantages too. Due to their long
lifespan and high efficiency, the LEDs
offer a very low-maintenance solution
that will last a number of years. They have
also cut energy usage and CO, emissions
substantially—proof that bespoke LED
solutions can deliver significant results.

With immense energy savings, green
gains, and a new and ever expanding
palette of controllable lights now at our
disposal, it is no exaggeration to say that
LED lighting is poised to take over from
traditional lighting. Infinitely scalable,
extremely reliable, and improving all the
time, LEDs are quickly becoming the
new standard, and companies signing up
to it will truly reap the rewards of this
lighting revolution. 3
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DISPLAYS & INDICATORS

BIPOLAR POWER-INDICATION LEDS MOUNT ON FRONT/REAR PANEL

Designed for front-panel or real-panel mount-  neon indicators. They come in a pre-wired
ing, Wilbrect LEDCO’s just released bipolar LEDs ~ assembly of a red, green, or yellow bipolar LED
work directly off a 120- or 240-V ac line as LED and a resistor. Front-mount housing options
power indictors or as drop-in replacements for include the 100/600 domed cylindrical and

USB Embedded 1/0 Solutions
Rugged, Industrial StrengthjUSB

/

o]

USE

“Embedded OEM Series

.0

16-Bit Multifunction Analog
1/0, Up to 140-Channels
500kH:z

Isolated Digital 1/O
16 Inputs and 16
Solid-State Relay Outputs

dded USB boards for OEM
acquisition and controll

ydules to choose from and
tended temperature options

'Explore the Possibilities]

f[ACCES
/0 PRODUCTS, INC.
To learn mare about our Embedded USB/A04 11D boards visit

The scurce for all your IO needs
hitpfacces ic

of call 800 326 1645, Come visit us at
10623 Roselle Street San Diege CA 52121

flush plastic lenses or the rugged CR/BR/CC
series crew-on-metal housing for 0.312-in.
holes. For rear-mount housing, there’s the
press-fit L6 | series for 0.250-in. holes or the
rugged screw-on CRM/BRM metal housing

for 0.315-in. holes. Most feature IP66 sealing
and can be supplied with wire leads or LED pin
terminations. Customization is possible, using
a variety of resistors, to meet specific ac volt-
age requirements (including 120 V ac). Popular
options include custom lead lengths and cus-
tom symbol printing on flat lenses, in addition
to a number of connector variations.
WILBRECHT LEDCO INC.
www.wilbrechtledco.com

POWER SOURCES

DC-DC HBLED DRIVERS

BUILD IN DIMMING CONTROL
Miniature dc-dc LED drivers from
MicroPower Direct are specifically
designed to power and control high-
brightness LEDs (HBLEDs). The eight
models comprising the LD48 series oper-
ate from a wide input voltage range of
7.0 to 60 V dc. Constant current output
options include 150, 250, 300, 350, 500,
600, 700, and 1000 mA. Efficiency reach-

WRcToP oW
R "™ Cianct
DIDS LED Ditme
::;3— \DABDS-1S0
-

es to 97%. LED brightness (dimming) can
be controlled by an analog voltage input
or digitally from a pulse-width-modulated
(PWM) input. The PWM input also may
be used as a remote on/off control input.
Mean time between failure (MTBF) per
MIL HDBK 217F is greater than 950 khrs.
The drivers come in a compact MiniDIP
case with an industry-standard pinout.
Units rated to IP67 are available with wire
leads.

MICROPOWER DIRECT
www.micropowerdirect.com
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IR’s High CurrentIR3847 Gen3 SupIRBuck® Delivers Superior Performance,
Dramatically Reduces PCB size by 70% and Simplifies Design
IR has announced the introduction of the IR3847 high current Point-of-Load (POL) integrated voltage

regulator that extends the current rating of IR’s third generation
SupIRBuck® family up to 25A in a compact 5x6 mm package.

As a result of a new thermally enhanced package using copper clip and
several proprietary innovations in the controller, the IR3847 can operate
at 25A without heatsink, and reduces PCB size by 20% compared to
alternative integrated solutions and 70% compared to discrete solutions
using a controller and power MOSFETs. A complete 25A power supply
solution can be implemented in as little as 168mmz2.

The new device integrates IR’s latest generation power MOSFETs with a feature-rich, third
generation SuplRBuck® controller that includes post-package precision dead-time trimming to
optimize losses, and internal smart LDO to optimize efficiency across the entire load range. True
differential remote sense essential for high current applications, 0.5% reference voltage accuracy
in 25°C to 105°C temperature range, input feed-forward and ultra-low jitter combine to enable
total output voltage accuracy less than 3% over line, load, and temperature, as required by high
performance communications and computing systems.

More information is available on the International Rectifier website at
http://www.irf.com/whats-new/nr130319.html
For more information, contact Sian Cummins,
scummini@irf.com. 310-252-7148.

Electrical Insulating Bobhins

Fabricated or molded, hi-dielectric,
hi-temp, choice of 12 materials,
extra strong, with or without tie-offs,
low cost, over 75 years of
experience. Made In USA!

NEW SECOND EDITION -
KEYSTONE M60.2 CATALOG

- Many New Products & Product
Updates

- Battery Clips, Contacts & Holders

— 9?\_, - Fuse Clips & Holders
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Electrical To receive literature & details fast: Spacers & Standoffs
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. oard & Multi-Purpose Hardware
Phone: 8475374250 Fax: B4~537-5777 P
email: sales@ pptube.com )
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Request your M60.2 Catalog www.keyelco.com
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BILL WONG | EMBEDDED/SYSTEMS/SOFTWARE EDITOR bill.wong@penton.com

Standards Bring GGFL And LED
Technologies To Light

1 JUST FINISHED putting corn gluten meal
on my lawn. I do it every spring and fall. In the spring it acts
as an organic, pre-emergent weed control that stops seeds from
growing. This includes weeds and grass, so it cannot be put on
newly planted grass. Then again, in most places in the
northern United States you should only be planting
grass in the fall.

The trick with corn gluten meal, or almost
any pre-emergent herbicide, is timing. Put it
down too late and the weeds will already be
growing. The fertilizer then helps the grass and
the weeds. Put it down too early and the protec-
tion it provides can run out.

Timing is also critical for the success of LED
lighting.

STANDARD LED LIGHTING
In a sense, the success of cold cathode fluores- = =
cent lamps (CCFLs) and LEDs is due to govern-
ment mandates. These technologies are more energy
efficient and cost less in the long run, but they have a

tions. They can be extremely small, and their color gamut is
much wider. They also can be adjustable, providing even more
options unavailable to CCFLs and incandescents.
The number of products that already exist is changing the
entire lighting arena. Take aquarium lighting, for exam-
ple. I recently replaced a fluorescent lighting system
for my fish tank with an LED-based solution.
. The new light system is a single device with no
removable lights versus the two tubes from the
original system, which had replaced the incan-
descent bulbs I had used decades ago.
The LEDs aren’t replaceable, but there are
lots of them. The theory is that the lighting
system will still be viable even if a few of the
LEDs die. The LEDs are adjustable, and there are
two types of them to provide efficiency and color
options. The system can even mimic sunrise and
sunset.
The resulting system will probably last as long
as the tanks and definitely longer than the fish. The
amount of power used will be significantly lower too.

much higher upfront cost compared to the significantly _!'é-__i g The lights are also cooler, which is an issue even for
less efficient Edison light bulb, which has seen limited E_’f-' tropical fish.

improvement over the years.

The new laws established standards that must be met.
These standards are slightly different from others
that might specify a particular socket or frequency,
though companies still have to deliver products that
meet them.

The high costs of CCFLs and LEDs are one reason
they didn’t show up earlier and on their own. There
were markets where they existed, but the larger con-
sumer market was essentially ignored.

Cree made a big splash when it started shipping LED light
bulbs for $10. The 9-W version costs a bit more but matches
the output of a 60-W incandescent bulb (see the figure). The
current prices are significantly lower than they were when
these types of bulbs were first introduced a couple of years
ago. They now have to compete with CCFLs, which were first
out the chute and dominate store shelves today.

LEDs needed to address a number of challenges. They’re
inherently small, so most conventional lighting applications
require multiple LEDs. Standard light bulbs have dozens of
LEDs inside. Yet LEDs have many advantages over CCFLs.
They are easier to dim, and they have attributes that have
opened new venues.

warranty.

LEDS DELIVER NEW OPTIONS

CCFLs provide more configuration options than incandes-
cent bulbs, but their support hardware and general construc-
tion limit their possible deliverables. LEDs have fewer limita-

|

Cree’s 9-W LED
bulb matches the
light output of a
60-W incandes-
cent bulb. Cree
provides a 10-year

Another application area that has seen significant
change is under-cabinet lighting in areas such as kitch-
ens. Here, the LED’s small size and low dc power
requirements are major advantages. It’s easy to use
a string of LEDs to provide more controlled light-
ing placement. Color and intensity control are added
benefits that would be impractical or very costly with
other lighting technologies.

Another aspect to LED solutions is microproces-
sor control. It is a lot easier than dealing with any
other lighting technology. There are challenges, and optimized
designs like Cree’s are beyond the average designer. However,
the opportunity to incorporate more sophisticated lighting
technology now exists. LED and microcontroller vendors pro-
vide plenty of app notes to help you get started.

Also, keep an eye out for quantum dots (see “QuantumFilm
Increases Camera Efficiency” at electronicdesign.com). They
can increase the brightness and extend the color gamut of
LEDs. The problem is that making an efficient and cost effec-
tive LED for arbitrary colors isn’t as easy as one might think.

Different technologies are employed for different color
LEDs. Quantum dots have different absorption and emission
spectrums that are often easier to customize to complement
LEDs. Full-spectrum white light from low-cost LEDs could
be on the horizon.

So ditch your old bulbs and those chemical fertilizers and
stock up on LED bulbs and corn gluten meal. In the long run,
they’re better for the planet and the pocketbook. 3
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4.7V to 60Vy, Short Circuit Proof with LED Protection & Diagnostics

Here’s the latest in our growing family of high power, high performance LED drivers designed to simplify power delivery to high
brightness LEDs. The LT®3791’s 4-switch buck-boost controller topology operates from input voltages above, below or equal to
the output voltage while delivering constant currents from 1A up to tens of amps. The LT3791 also provides +4% LED current
accuracy and +1.5% output voltage accuracy to ensure the highest performance LED solutions.

WV LED Drivers

Part
R Viy Range (V) Topology Comments
LT3741 | 61036 Sg’t”ecph_g’gv‘;ﬁs LED Current up to 20A
Synchronous LED Current up to 40A with

LT3743 61036 Step-Down Fast LED Current Transitions
LT3755 451040 Multitopology Vour up to 75V
LT3756 610 100 Multitopology Vouyr up to 100V

4-Switch Synchronous | Vgyr from 0V to 60V with
LT3791 471060 Buck-Boost Current Monitoring

V Info & Free Samples

www.linear.com/products/LEDdrivers
1-800-4-LINEAR

Free Power
Management

” for LEDs
Brochure

o=

www.linear.com/ledsolutions

A7 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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Micro Lambda's Compact Wideband
YIG-based Synthesizers...

Ideal for Main Local Oscillator for Test Equipment,
Receivers and VSAT Applications

The MLSP-Series of YIG-Based wideband synthesizers For more information about the
provide 1 kHz frequency resolution over the 600 MHz to MLSP Series or other products, please
20 GHz frequency range. Power levels of +8 to +13 dBm contact Micro Lambda Wireless.

are provided through out the series and full band tuning
speed is 6mSec. Compact size will fit a 2 slot PXI chassis.

See our complete line of frequency synthesizers www.microlambdawireless.com

= MICRO LAMBDA
N e I = )RS WIRELESS, INC.

210 12 GHZ 210 16 GHz 0.6 to 16 GHz 2t0 20 GHz “Look to the leader in YIG-Technology”

46515 Landing Parkway, Fremont CA 94538  (510) 770-9221 - sales@microlambdawireless.com
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Better pertormance.
Less ettort.

Right out of the box, a better inductor for your aerospace/MIL applications.

Shorten your time-to-market and improve
performance with surface-mount chip
inductors from Coilcraft CPS. These
robust COTS Plus devices are ready to
load without further handling or process-
ing...tested to meet your specs, directly
from Coilcraft CPS.

ML Series inductors

are designed, manu-
factured and tested to
ensure their suitability
for mission-critical applications under
adverse environmental conditions. Alternate
terminations, such as tin/lead, gold, and

/

(U

leach resistant alloy are featured for long
term reliability.

Compared to other 0603 inductors, the
ML Series offers higher inductance val-
ues, to keep board space to a minimum.

e Inductance values range from 47nH-221H

e Q ratings are as high as 50 at 250MHz
with Self Resonant Frequencies to 16 GHz

e Ceramic construction provides
high-current handling

e MTBF is an amazing 1 billion hours

Learn more about ML Series and other

Coilcraft CPS magnetics by calling us or
visiting www.coilcraft-cps.com today.

/

U

CRITICAL PRODUCTS & SERVICES

800.981.0363  847.639.6400

cps@coilcraft.com  www.coilcraft-cps.com
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GITRISKs SENANDS
HIGHER
QUALITY

PIC Wire & Cable is advancing high speed data
and satellite communications technology.
We also make customers’ jobs easier by helping to improve
platform and system performance, reduce development and
manufacturing schedules and lower total costs.

A
PIC DatamMATES

PIC DataMATES are high speed data
communications cable solutions with four
tailored tiers addressing applications including:

Ethernet Communications Backbone
Ground Vehicle Bus ¢ Avionics Networks

A .
PIC MicromMmATES

PIC MicroMATES are high frequency cable solutions
designed specifically to serve Ku Band and X Band
applications, provide high bandwidth for data and
support satellite communications.

Military & defense applications include:
Command & Control ¢ SATCOM ¢ MUMT

p'c MATES"

INTERCONNECT PRODUCTS
S\ B\ Q)

Video Data Micro

E SCAN THE CODE TO FIND
THE RIGHT PIC FOR YOU
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%MS International Microwave Symposium

IEEE 2-7 June 2013, Seattle, WA MTT-S

THERE ARE SO MANY WAYS
TO EXPERIENCE IMS!

ATTEND A WORKSHOP OR SHORT COURSE!

IMS Workshops and Short Courses offer practical, application-
oriented material to advance your career!l Whether you’re
a seasoned professional, recent graduate, or student, IMS
will provide a variety of topics that appeal to academia and
industry alike. Hear the latest developments in R&D for
emerging areas or hone your skills in a specific

microwave subject.

IMS brings together the largest concentration of top
engineers and scientists in the RF & Microwave Field.
IMS2013 will also be home to over 50 first time exhibitors!
From the exhibition floor, to a variety of social activities, IMS
is THE place to network with colleagues and companies
both established and new.

VARY YOUR VIEWPOINT!

RF & Microwave technology is always on the cutting edge
and that comes with lots of varying opinions. Panel Sessions
are a great way to engage with colleagues on the forefront of
these hot topics. The open discussion format is perfect for
sharing a variety of viewpoints and getting the inside track
on future directions!

¥’ 5® WHAT WILL YOUR EXPERIENCE BE? ’
o & 5w REGISTER TODAY anD SAVE UP TO 25%!

K1l (5) SHARE YOUR IMS STORY

COMPLETE CONFERENCE DETAILS ARE AVAILABLE AT:
HTTP://IMS2013.MTT.ORG & IEEE ™
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Now Offering

Fab+Assembly All Under ONE ROOF... As QUICK as ONE DAY!
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hether by land, sea, or air, de-
fense-electronics systems are
designed to use a variety of

electrical and optical signals for detection
and protection. Many of these systems feature imaginative use
of hardware and software; they often extract high performance
levels from the latest available technology. But for all the ad-
vanced technologies that may combine for a new radar system
or electronic-warfare (EW) platform, those systems and their
components must still be tested.

Major suppliers of test equipment design and build solutions
for far more than just defense electronics customers, of course;
they are often driven by the needs of large markets in commercial
communications. But when new test-equipment products
provide new levels of performance, their benefits are often
far-reaching across a number of different markets—including
commercial, military, industrial, automotive electronics, and
even medical electronics markets.

Test equipment suppliers do not often receive the credit
due to them. Modern RF/microwave test equipment, such as
that mentioned in this issue’s Cover Story on real-time signal
analyzers, or the feature on arbitrary waveform generators, don’t
just combine hardware and software; they combine different
kinds of hardware and software. This hardware tackles everything
from audio to microwave to digital signals.

Measuring The Value of Test Gear

Impressive coordination and timing is needed among different
engineering groups to bring a new test instrument to market.
Whether a group is involved in developing control software or
is part of a team trying to produce a local oscillator (LO) with
slightly lower phase noise, all of the contributions are important
and all are vital to the success of the final product.

The instruments featured in this month’s issue offer state-of-
the-art capabilities in signal generation and analysis. But they are
not quirky. The engineering teams that create test instruments
that are vital to electronic product development know that these
instruments must provide repeatable performance day after day.

Considering the number of different components and
subsystems in some of these instruments, performance variations
might be expected under changing environmental conditions.
But modern test instruments from major equipment suppliers
are stable and dependable. Electronic design engineers working
in defense electronics and in those many other industries count
on such instruments for reliable results.

Defense electronics systems and test equipment have long
been interdependent, relying on each other for a push to the
next generation of hardware/software and the next level of
performance. The engineering teams that work on both types of
products are to be applauded for their efforts. DE

Jack Browne
Technical Contributor
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Assembly Services!

Enhanced Capabilities:

L 2R 2R 2R 2R 2R 2R 4

Up to 30 Layers ¢ Blind & Buried Vias

.0025” Trace/Space ¢ Microvias (HDI)

Via-in-Pad ¢ Bonded Heat Sinks & Copper Cores
Laser Direct Imaging ¢ Heavy Copper (up to 20 oz.)

Cavity Boards ¢ Multilayer RF Designs (up to 8 layers)
Buried Chip Resistors ¢ Oversized Boards (up to 37”x120")
Polarizers ¢ Microwave Antenna Boards

100% U.S. BASED MANUFACTURING

Certifications & Registrations:

MIL-PRF-31032, MIL-PRF-55110G, I1SO 9001:2008, AS9100C,
IPC6012 Classes 2-3A, ITAR Registered, & UL Certified
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Lockheed Martin Aids
USAF’'s GEO Satellites

he United States Air Force has awarded Lockheed

Martin (www.lockheedmartin.com) a $284.4 million

fixed-price contract for long-lead parts for the fifth and
sixth geosynchronous earth orbit (GEO) satellites in the
Space Based Infrared System (SBIRS) missile-warning
system. The SBIRS system is comprised of GEO satellites,
hosted payloads in highly elliptical earth orbit (HEO), and
associated ground hardware and software. Lockheed
Martin previously received a contract to complete non-
recurring-engineering (NRE) services for the GEO-5 and
GEO-6 satellites and procure long-lead spacecraft parts that
would enable supplier production lines to deliver the lowest
possible price for each component. This contract authorizes
the purchase of the remaining long-lead spacecraft
components, with a final contract for full production
under fixed-price terms to be awarded at a future date.

Jeff Smith, Vice President of Lockheed Martin's
Overhead Persistent Infrared (OPIR) mission area, explains:
“This contract award is a testament to the importance
of the SBIRS program and reinforces the government'’s
confidence in our ability to produce these vital satellites

Engineers inspect this SBIRS satellite prior to encapsulation
into the launch vehicle payload.

capabilities to the nation at the best value to the
government.” Lockheed Martin’s SBIRS contracts
include four HEO payloads, four GEO satellites, and
ground equipment to receive, process, and disseminate
the IR mission data. The SBIRS system is operated by

efficiently going forward.” He adds: “As we produce
follow on SBIRS assets, we aim to continually reduce
the cost and cycle time of each space vehicle to ensure
we deliver critical and resilient infrared surveillance

the US Air Force Space Command (www.afspc.af.mil),

with Lockheed Martin serving as the prime contractor

and Northrop Grumman (www.northropgrumman.com)
as the payload integrator.

Satellite Controls Unmanned Vehicle

atellite-based control of battlefield

vehicles took one step closer to

becoming reality with a recent
demonstration at Camp Grayling,
Ml by Lockheed Martin (www.
lockheedmartin.com). During the
demonstration, the company’s Squad
Mission Support System™ (SMSS)
was being controlled via satellite
from more than 200 miles away.
The SMSS unmanned ground
vehicle (UGV) conducted several
battlefield surveillance operations
while being controlled beyond line-
of-sight via satellite from the US
Army's Tank Automotive Research,
Development and Engineering
Center (Warren, Ml).

The SMSS was equipped with a
Gyrocam 9M Tactical Surveillance
Sensor and a General Dynamics
SATCOM Technologies “SATCOM-
On-the-Move" system. The hope for

S8

the demonstration was to show that
the unmanned system can provide
the needed battlefield situational
awareness while keeping soldiers
out of harm'’s way. According to
Joe Zinecker, Director of Combat
Maneuver Systems at Lockheed
Martin Missiles and Fire Control,
“These demonstrations allow the
Army development communities
to better understand capabilities
available to them with SMSS
right now. We are showing our
customers innovative ways to employ
SMSS vehicles in missions while
demonstrating that we are ready to
move from technology development
to fielding these valuable and mature
new capabilities.”

The SMSS used an adjustable-
height mast with the Gyrocam
9M to acquire a high-resolution
electro-optical and thermal video.

SMSS movement and sensor
functions were controlled at the
remote station, through the line-of-
sight satellite. In a simulated mission,
an operator provided a pre-planned
route and SMSS autonomy allowed
navigation with minimal operator
intervention. Other autonomous
functions—such as follow-me, go-
to-point, and retro-traverse—were
also demonstrated.

Zinecker notes that “the concept
of an affordable common mobility
platform coupled with specialized
mission equipment packages is
the right answer for UGVs to
reduce development, production,
and sustainment costs, while
providing maximum flexibility for
commanders. SMSS continues to
demonstrate its readiness to move
into the next phase of the Army's
UGV roadmap.”

APRIL/MAY 2013 - DEFENSE ELECTRONICS


http://www.lockheedmartin.com
http://www.afspc.af.mil
http://www.northropgrumman.com
http://www.lockheedmartin.com

NE\'(\‘-’"" small

ATTENUATORS

DCupto20GHz P,,.2W 0t030dB

A perfect fit for almost any PCB! Our newest fixed surface-
mount attenuators are available in nitrogen-filled hermetic
LTCC packages for military and industrial applications, as well
as plastic cases that meet tight commercial budgets. They’re
invaluable for both broad- and narrow-band systems,
reducing the effects of mismatches, harmonics, and
intermodulation, improving isolation, and meeting other
circuit level requirements. And to deliver the precise
attenuation you need, we’re making them available in
1-dB steps from 0 to 10 dB, as well as 12,15, 20, & 30 dB!

Model Freq. Pmax Atten.
Family (GHz) (W) (dB)
'RCAT DC-20 2 0-30
aw YAT DC-18 2 0-30

Actual Size

Keep a few extras on hand! Order Designer Kit K1-YAT+ and get 20 YAT attenuators for only $59.95! (4 each: 3, 6, 10, 15, & 20 dB)

S = T
from 9Za.(qty. 20) ‘\1

The ceramic hermetic RCAT family is built from the ground
up to deliver reliable, repeatable performance under the
harshest conditions. And they're proving it in tough MIL
testing, qualifying for gross and fine leak, vibration, PIND,
thermal shock, and more, at up to 125°C!

The YAT family utilizes the same dice, with excellent
electrical performance and high thermal conductivity, in
an even smaller plastic case! For more details, just go to
minicircuits.com—place your order today, and you can get
them in your hands as soon as tomorrow!

Op. Temp Size $ Price ea.
(°C) (mm) (Qty. 20)

-55t0+125 2.3x23x1.1 4.95

-40to+85 2.0x20x08 299

0 RoHS compliant

Mini-Circuits...we’re redefining what VALUE is all about!

[ Mini-Circuits’

ISO 9001

ISO 14001 AS9100

6 P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661
@;’2 The Design Engineers Search Engine finds the model you need, Instantly  For detailed performance specs & shopping online see miniciﬁuits.coy

U.S. Patents
7739260, 7761442

IF/RF MICROWAVE COMPONENTS

510 rev A
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Secure Mode 5 IFF
System Passes Tests

pair of leading United Kingdom defense
suppliers recently teamed on the

successful overthe-air testing of an
upgraded Mode 5 identification friend or
foe (IFF) system. The trial involved Raytheon
UK (www.raytheon.co.uk) and Thales UK
(www.thalesgroup.com/uk). The former is a
subsidiary of Raytheon Co. (www.raytheon.
com) and a major supplier to the UK Ministry
of Defence (MOD), while the latter is a major
supplier to aerospace, defense, and security
markets. The trials, performed at Raytheon's
Matching Green test range (Harlow, UK) in
early December, involved Thales' TSA1412
Interrogator and Raytheon UK'’s IFF4810
Transponder, a standard-fit Successor IFF
(SIFF) product with Mode 5-enabled upgrade.

The Mode 5 system is designed to
provide a high level of cryptographic security
while also featuring excellent resistance
to electronic-countermeasures (ECM)
efforts. The Raytheon and Thales equipment
were fitted with model KIV-77 Mode 5
Cryptocomputers developed by Raytheon
in the United States. Raytheon and Thales
teamed as part of an agreement signed in
July 2012 to pursue the MOD procurement
of the next-generation NATO interoperable
Mode 5 IFF system. The IFF system, which
can be fitted to aircraft, ships, and missile
defense systems, allows them to identify
friendly and hostile forces.

Richard Daniel, Managing Director for
Raytheon UK's defense business, remarked
that “Raytheon has invested in developing
the Mode 5 upgrades for existing equipment,
and Thales has Mode 5-qualified equipment
already in service with French and other NATO
armed forces. By teaming, we exploit the
complementary strengths of both companies
to minimize platform integration risks for
Mode 5." He added that “together, we would
seek to ensure maximum continuity of
operational availability by applying our already
successful front-line support model during
the transition to Mode 5." Victor Chavez, Chief
Executive Officer for Thales UK, elaborates:
“IFF Mode 5 is an important program enabling
future interoperability for the UK in NATO
coalition operations. Both Thales and Raytheon
have cutting-edge capability in this area, and
by working together we would provide the UK
MOD with a world leading IFF solution.”
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SM-3 Space Sensor
Helps Take Out Target

racking data from a remote sensor on Space Tracking and

Surveillance System-Demonstrator (STSS-D) satellites helped

destroy a medium-range ballistic missile (MRBM) target. The test
was performed with the Standard Missile 3 (SM-3) space sensor from
Raytheon Co. (www.raytheon.com) sending guidance data to a SM-3
Block IA missile fired from the US Navy's USS Lake Erie guided-missile
cruiser. For the test, the MRBM target missile was launched from the
Navy's Pacific Missile Range Facility (Kauai, HI). Once above the horizon,
the target was acquired and tracked by STSS-D satellites, with threat
data relayed through the Command, Control, Battle Management, and
Communications (C2BMC) system to the ship. Based on the STSS
tracking data, the ship’s crew fired the SM-3 missile before the ship’s
radar had acquired the target missile.

The test was performed to prove the “launch on remote” concept,
first demonstrated during testing in April 2011 when a US Naval
destroyer used tracking data provided by a Raytheon-built AN/TPY-2
radar on Wake Island to engage and destroy an intermediate-range
ballistic missile target using an SM-3 Block |A missile. Wes Kremer,
Raytheon Missile Systems' Vice President of Air and Missile Defense
Systems, notes: “Launching on remote is important because it extends
the engagement range of the missile, allowing ships with the SM-3 to
expand the battle space and eliminate threats sooner.”

Bill Hart, Vice President of Space Systems for Raytheon's Space
and Airborne Systems business, adds that “STSS-D’s unique vantage
point in space allows the sensor payload to see the threat early in its
trajectory, and provide launch quality data sooner than nearly any other
option. We can give our naval war fighters extra time to analyze and
respond by providing target data before the ship can track the threat.
That's a tremendous advantage.”

Boeing Recognizes
Richardson RFPD

oeing Co. (www.boeing.com) has presented Richardson RFPD

(www.richardsonrfpd.com) with the 2012 Boeing Performance

Excellent Award. Boeing annually issues the award to suppliers
that have provided excellent performance. Richardson RFPD
maintained a Silver composite performance rating for each month
of the 12-month performance period, from October 1, 2011 to
September 30, 2012. Boeing recognized 594 suppliers that have
achieved either a Gold or Silver level award; Richardson RFPD was
one of 441 suppliers to receive the Silver level award.

Greg Peloquin, President of Richardson RFPD, explains: “We are
proud to be recognized by a customer as prestigious as the Boeing
Co. for superior supplier performance.” He adds that “Richardson
RFPD takes great pride in working alongside our customers to
provide support, products, and solutions for their design visions, and
the Boeing Performance Excellence Award further motivates us to
continue striving for operational excellence in all facets of our global
business.” Richardson RFPD supplies a wide range of RF/microwave,
interconnect, and power-conversion products for the aerospace and
defense industries. (“News Shorts” continued on p. 31.)
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LGS Innovations

Helps Army’s MCF

GS Innovations (wWww.

Igsinnovations.com) has been

awarded a contract worth slightly
more than $49 million to upgrade the
US Army's Main Communications
Facility (MCF) in Southwest Asia. LGS,
an independent subsidiary of Alcatel-
Lucent, was selected as the exclusive
contractor to engineer, furnish, install,
test, and secure the Army's extensive
network, transmission, and voice
infrastructure in Southwest Asia. This
work falls under the umbrella of the
Army'’s Infrastructure Modernization
(IMQOD) initiative. The company has
also been tasked to execute a critical
cutover of transmission circuits, as
well as to design, develop, furnish,
and install a virtualized infrastructure
to accommodate the migration of
servers and their applications from

existing facilities to the MCF.

The MCEF, designed as a state-of-
the-art commercial communications
operations center, will serve as the
central information systems hub

for the region.

LGS Innovations Chief Executive
Officer Kevin Kelly explains: “LGS
deploys the most advanced, state-of-
the-art communications technologies
available to both defense and civilian
organizations. This opportunity to
upgrade and modernize such a
mission critical piece of infrastructure
for the US Army will not only
support our military and warfighters
abroad, but will also help the Federal
Government to continue to provide
for homeland security and overcome
future overseas communications
challenges””

TCS Recruited For
Marines’ WPPL Systems

eleCommunication Systems,

Inc. (TCS; www.telecomsys.

com) has been awarded $16.1
million in incremental funding for
communications support to the
United States Marine Corps (USMC).
The award is for deployed engineering
services for the USMC'’s Wireless
Point to Point Link (WPPL) systems.
These services, which apply to
both satellite communications
(satcom) and terrestrial wireless
communications systems, will aid
USMC vital operations in technical
control facilities and data/security
centers along with tactical USMC
systems. The communications
support procurement is being
managed by the US Army Project
Manager for the Warfighter
Information Network-Tactical (PM-
WIN-T) Commercial Satellite Terminal
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Program—part of the US Army’s $5
billion World-Wide Satellite Systems
(WWSS) contract vehicle.

According to Michael Bristol, Senior
Vice President and General Manager
of TCS Government Solutions, “While
it's imperative that the USMC has
secure, reliable, and easily deployable
communications equipment, that's
only half the battle. They also need
the expertise backing that equipment,
and that’s where TCS' knowledgeable
and reliable Deployed Engineering
Services personnel come in!” The
WPPL systems provide secure
point-to-point and point-to-multipoint;
line-of-sight; and non-line-of-sight
transmission of voice, video, and
data communications as a low-
cost alternative to more expensive
beyond-line-of-sight satcom
approaches.

Wyle Assists Naval Air
Systems Command

yle has been awarded a

three-year, $24 million

contract to provide
unmanned air systems support
to the US Naval Air Systems
Command. The contract provides
reliability improvement, testing,
technology insertion, and life-
cycle analysis for unmanned
air systems and intelligence,
surveillance, and reconnaissance
projects and programs. Personnel
from Wyle (www.wyle.com) will
help cost-effectively develop and
refine processes and equipment
to increase the reliability,
maintainability, sustainability,
quality, and interoperability of the
Naval Air Systems Command’s
systems. Reducing life-cycle
costs while implementing new
or updated technologies is an
important part of the contract. As
Wyle Program Manager Rocky
Rauch notes: “We are pleased
that Wyle has been awarded
this contract, following
our successful execution of
unmanned aerial system projects
...under a related contract
over the past two years.”

Work on the contract is being
performed primarily at Naval Air
Station Patuxent River, MD. The
task order was issued under the
Defense Technical Information
Center's Reliability Information
Analysis Center contract. As part
of the contract, Wyle is performing
acquisition planning; system
interoperability assessments;
integrated reliability test planning
and management; affordability
and life cycle cost analysis;
logistics management; and various
management tasks associated
with the data collection and testing
of electrical, mechanical, and
avionics systems.
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Reviewing Phase
Noise Measurement

Methods

Different approaches have different strengths and
weaknesses, and each is best for characterizing
different types of RF/microwave signal sources.

dBc/Hz

Flicker
noise

Amplifier noise

Thermal noise

Log frequency

1.The three main contributors to source noise create a theoretical lower limit for phase

nois

e measurements.
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2. Contributions to the phase-noise performance of a signal generator can be traced to
the major sections of its internal architecture.
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xtracting signals from noise is a
Etask that has challenged RF and

microwave engineers since the
earliest days of electronic communica-
tions systems. Engineers involved with
cutting-edge radar and communication
systems often use extreme amounts of
signal processing to extract maximum in-
formation from faint or impaired signals.
A major obstacle these engineers must
often overcome is phase noise, which
can severely limit the performance of a
receiving system.

Phase noise is often the nemesis that
limits the performance of a receiving sys-
tem. For example, it can degrade the ca-
pability of a pulsed-based radar system to
process Doppler information, and impair
the error-vector-magnitude (EVM) per-
formance of a digitally modulated com-
munications system. Measuring phase
noise is consequently vital to improving
the performance of these and other RF
or microwave electronic systems used in
military and commercial applications.

Phase-noise measurements may seem
difficult to some—more like a puzzle,
with many oddly shaped pieces that are
difficult to connect. Even with today’s
advanced hardware and improved tech-
niques, the process of making measure-
ments and interpreting the results may
still contain a certain amount of mystery.
To help clear things up, it may be useful
to first review some fundamental details
about phase noise. Next, we will detail the
three most common phase-noise mea-
surement techniques and to which appli-
cations they are best suited.

Phase noise is essentially a measure of
an electronic signal’s frequency stability.
The long-term frequency stability of—for
example—an oscillator, can be character-
ized in terms of hours, days, months, or
even years. Short-term stability refers to
frequency changes that occur over a period
of a few seconds or less. These short-cycle
variations can have deleterious effects on
electronic systems that rely on extensive
processing to extract information from a
signal. Thus, this discussion will focus on
short-term stability.

Short-term stability can be described
in many ways, but the most common is
single-sideband (SSB) phase noise. The
United States National Institute of Stan-
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dards and Technology (NIST; www.nist.gov) defines SSB phase
noise as the ratio of two power quantities: the power density at a
specific frequency offset from a signal carrier and the total power
of the carrier signal. This is most commonly measured in a 1-Hz
bandwidth at some frequency “t” away from the carrier. The
units of measure are in decibels relative to the carrier per Hertz
(dBc/Hz) over a 1-Hz bandwidth.

The level of phase noise is deterministically related to the

Ve

Ag ¢

Phase detector

AVt = KAgip

AN

Signal 2

3.This basic phase-detector concept has been implemented in
many ways.

carrier frequency, increasing by 6 dB for every doubling in fre-
quency. As a result, when characterizing the performance of
components integrated into advanced radar and communication
systems, measurements of phase noise for a 1-GHz carrier signal
may extend from roughly —40 dBc/Hz at offsets “close to the car-
rier” (such as 1 kHz or less) to as low as —150 dBc/Hz or less at
offsets “far from the carrier” (such as 10 MHz or more). At such
low levels, the measurement noise floor is affected by two mi-
croscopic electronic effects: thermal noise from passive devices,
which is broad and flat (white noise), and flicker noise from ac-
tive devices, which has a shape akin to the inverse of frequency,
1/f (such as pink noise), that emerges from the thermal noise
at lower offsets. Both of these contributors are unavoidable be-
cause they are present all along the signal chain—in the measur-
ing instrument, in the device that produces the signal-under-test
(SUT), and even in the cables used to connect the measuring
instrument to the device under test (DUT).

Any type of amplifier in the test signal chain will also serve as a
source of noise. While the main purpose of the amplifier is to in-
crease the power level of a weak carrier signal, it also adds its own
noise to the signal and boosts any input noise. The net result is
that the amplifier, thermal noise, and flicker noise continue to give
any phase-noise plot a characteristic shape and, more significant-
ly, reduce the theoretical lower limit of sensitivity for any phase-
noise measurement (Fig. 1). These effects appear in the phase-
noise characteristics of any high-performance signal generator.

The underlying sources of noise can be traced back to the ma-
jor sections of the block diagram for such an instrument (Fig.

2). For offsets below 1 kHz, the noise

DUT

Lowpass

(LPF) (

Phase detector
(mixer)

Reference source

Phase-lock | 4
loop (PLL) [Y

Low-noise
filter amplifier
NA)

90 deg. ; Baseband

is dominated by the performance of
the reference oscillator, which is mul-
tiplied to the carrier frequency. In this
particular signal-generator design, the
other major contributors include the
synthesizer circuitry at offsets of 1 kHz
to roughly 100 kHz, the yttrium-iron-
garnet (YIG) oscillator for offsets from
100 kHz to 2 MHz, and the output am-
plifier for offsets above 2 MHz. When
these effects on phase noise are well
understood, they can be minimized and
optimized within a system design to en-

4.This method uses a reference source and a double-balanced mixer as the basis of the

phase detector.

sure maximum performance.
Phase-noise measurement techniques
have evolved along with advances in

Delay line

Lowpass filter

(LPF)
E) de§®_>
o

Phase detector
(mixer)

Phase
shifter

Low-noise
amplifier
(LNA)

Baseband
analyzer

analyzer technology. Three phase-noise
measurement methods (ranging in com-
plexity from basic to intermediate) are
direct spectrum measurements, phase-
detector-based measurements, and two-
channel cross-correlation techniques.
The direct-spectrum approach is the old-
est and perhaps simplest way to measure
phase noise. In this approach, the SUT
or DUT is simply connected to the input

5. Splitting the SUT and manipulating it with a delay line and phase shifter eliminates the

need for reference source.
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port of a spectrum or signal analyzer and
then tuned to the carrier frequency of in-
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terest. Two measurements are then made:

First, the power level of the carrier is
measured. Next, the power spectral den-
sity (PSD) of the signal source noise, at
a specified offset frequency, is measured
and referenced to the level measured for
the carrier power.

As is often the case when using a sim-
ple measurement approach, a variety of
corrections must be made to ensure an
accurate result. For example, it may be
necessary to correct for the noise band-
width of the signal or spectrum analyzer’s
resolution-bandwidth (RBW) filters. In
addition, it may also be necessary to cor-
rect for the behavior of the analyzer’s peak
detector, which may under-report the ac-
tual noise power. It was once necessary

to perform these corrections manually
(Agilent Technologies” Application Note
No. 150 provides guidance in this pro-
cess). But these extra steps are no longer
necessary when using a signal analyzer
equipped with either an interval-band/
interval-density marker function (for the
PSD measurement) or a built-in phase
noise measurement application.

Time and experience have revealed the
limitations of the direct-spectrum phase-
noise measurement method. Most of
these limitations are related to shortcom-
ings in the quality or performance of the
signal or spectrum analyzer: the residual
frequency modulation (FM) of the in-
strument’s local oscillator (LO), the noise
sidebands or phase noise of the analyzer’s

Basic theory of operation (for a single channel of the E5052B)

< FFL filter 3

Scaling amp

: A 7\
A . E :
s Fi—
Signal source o %’Tlme '
under test IF !

This limits the dynamic range of the digital
discriminator method.

Note that a main signal still exists at this point. L

Frequency locked loop Phase

noise
(wide)

AM

Digital signal processing
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6. Digital technology makes it possible to mimic the behavior of the analog delay line and

produce accurate phase noise measurements.
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7. The two-channel cross-correlation technique utilizes two phase detectors.
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LO, and the analyzer’s noise floor can all
impact the phase-noise measurement re-
sults. In addition, most spectrum analyz-
ers measure only the scalar magnitude
of the SUT noise sidebands. As a result,
the analyzer cannot differentiate between
amplitude noise and phase noise. Finally,
the process is complicated by the need to
make a noise measurement at every fre-
quency offset of interest—potentially, a
very time-consuming task.

In the phase-detector measurement ap-
proach, a phase detector is used to sepa-
rate the phase noise from the amplitude
noise. Figure 3 shows how the phase
detector converts the phase difference of
two signals into a voltage available at the
output of the phase detector. When this
phase difference is set to quadrature, the
voltage is zero. Any phase fluctuation from
quadrature will result in a corresponding
voltage fluctuation at the output and a
value other than zero. The phase-detector
approach is the basis for several common-
ly used phase-noise measurement tech-
niques, including the reference-source/
phase-locked loop (PLL) method, the
frequency-discriminator method, and the
heterodyne digital discriminator method.

The reference-source/PLL method
uses a double-balanced mixer as the
detector, with the reference frequency
source and the SUT serving as the inputs
to the mixer (Fig. 4). The reference source
is controlled such that it follows the SUT
at the same carrier frequency, but with a
90-deg. phase offset. To ensure accurate
measurements of the SUT, the phase
noise of the reference source should be as
low as possible, with behavior that is well-
characterized. The sum frequency from
the mixer is removed by means of a low-
pass filter, while the difference frequency
is 0 Hz with an average output voltage
of 0 VDC. Any AC voltage fluctuations
will rise on top of the DC voltage, and be
proportional to the combined noise con-
tributions of the two input signals. In this
phase-noise measurement approach, the
baseband signal from the mixer is often
boosted by a low-noise amplifier (LNA)
before being connected to the input port
of a baseband analyzer.

The reference-source/PLL phase-noise
measurement method yields the overall
best sensitivity and the widest measure-
ment coverage, with a frequency-offset
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range that spans 0.1 Hz to 100 MHz. It is also insensitive to AM
noise and is capable of tracking drifting sources. However, it re-
quires a reference source with low phase noise and with the ca-
pability of being tuned electronically. In addition, if the SUT has
a high frequency drift rate, the reference source must be tunable
over a very wide frequency range.

The frequency-discriminator phase-noise measurement
method simplifies the equipment configuration and measure-
ment process by substituting an analog delay line for the refer-
ence oscillator. In this approach (Fig. 5), the SUT is split into
two channels. One path is delayed relative to the other, and the
delay line converts frequency variations into phase fluctuations.
Adjusting the delay time will determine the phase quadrature
of the two inputs to the mixer. The phase detector converts the
phase fluctuations into voltage variations that are measured as
frequency noise by the analyzer. The frequency noise is then
converted to a phase noise reading for the SUT or DUT.

Unfortunately, this method sacrifices some measurement
sensitivity, especially at offsets close to the carrier. Longer delay
lines can improve sensitivity, but while also reducing the signal-
to-noise ratio (SNR) of the measurement setup and limiting the
maximum measurable offset frequency. The insertion loss of the
delay line can also be a concern when trying to produce mea-
surable test signal levels when analyzing low-level signals. As a
result, this method works best with free-running sources such as
inductor/capacitor (LC) oscillators and cavity oscillators. These
tend to produce noisy signals that have high-level, low-rate phase
noise or high close-in spurious sideband conditions that can lim-
it the performance of the PLL technique.

In the heterodyne digital discriminator method, a hetero-
dyne digital discriminator replaces the analog delay line of
the frequency-discriminator phase-noise measurement method.
In this approach (Fig. 6), the SUT is downconverted to an in-
termediate frequency (IF) by means of a mixer and a frequency-
locked LO. The IF signal is amplified and digitized and then split
and delayed using digital-signal-processing (DSP) techniques. As
in the frequency-discriminator method, the delayed version of
the signal is compared to the non-delayed version using a digital
mixer and the delay is adjusted to achieve quadrature. The mixer
output is filtered to remove the sum component, leaving a base-
band component that s processed to produce a phase-noise value.

This method is suited to measurements of the high levels of
phase noise that are typically present in unstable signal sources,
such as some high-frequency VCOs. It provides a wider mea-
surement range than the reference-source/PLL method and
eliminates the need to reconnect the analog delay lines used in
the frequency-discriminator method. By setting the delay time to
zero, the heterodyne digital discriminator method also enables
easy and accurate measurements of AM noise with the same
setup and RF connections. On the downside, the total dynamic
range of this measurement method is limited by the performance
of the LNA and the analog-to-digital converters (ADCs).

The two-channel cross-correlation phase-measurement ap-
proach provides improved dynamic range compared to the het-
erodyne digital discriminator method. It employs two duplicate
reference-source/PLL channels with the measuring instrument
and calculates the cross-correlation between the two resulting
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Once a measurement approach has
been selected and a test solution
assembled, how is it possible
to know if the results provided
by a particular test system are
accurate? The answer: by using a
calibrated, precisely characterized
phase-noise signal. For example, a
known-good reference is valuable
when developing a direct-spectrum
solution that includes self-written
software that applies the necessary
corrections. Such a reference source
can be created by using uniform
noise as the FM input to a signal
generator. The slope of the noise
sidebands will be constant at —-20
dB/decade, and the desired sideband
level can be reached by varying the
deviation of the FM signal. Figure 8
shows a phase-noise-measurement
calibration example produced with
this  FM-driven  signal-generator
approach. It was produced with
a uniform noise signal frequency
modulated at 500 Hz. This calibration
signal yielded a measured phase-
noise value of =100 dBc/Hz offset 10
kHz from the carrier.

Phase noise is one of the most
important figures of merit for an RF/
microwave signal source. The phase-
noise performance of the source
can impact the effectiveness of a
wide range of electronic systems,
from commercial communications
to military radars. The type of
measurement method used to
measure the phase noise of a given
source should be guided by the
nature of the signal source, such as
whether it is relatively stable or is a
free-running source with frequency
that tends to vary over time.
The measurement methods and
solutions presented here are among
the easiest and most cost-effective
to implement. And while these
approaches can provide excellent
results for engineers who are not
specialists in phase noise, an expert
can help interpret results that may
sometimes be quite puzzling.

DEFENSE ELECTRONICS * APRIL/MAY 2013

outputs (Fig. 7). Because any SUT noise
present in both channels is coherent, it
is not affected by the cross-correlation
computation. In contrast, any internal
noise generated by either channel is non-
coherent and is diminished in the cross-
correlation operation by the square root

of the number of correlations. For the
two-channel cross-correlation method,
the number of correlation operations is
a key factor in determining the total mea-
surement time. In a typical instrument,
the number of correlation operations is a
user-selected value. Increasing the num-
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Increasing the number of cross-correlation operations
will reduce the level of non-coherent noise.

Number of correlations 10 100

Noise reduction

1000

-5 dB -10 dB -15 dB

10,000
-20 dB

satisfaction.
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KRYTAR, Inc., founded in
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ber of correlation operations reduces the
noise contribution from both channels
(see table) but extends the time required
to complete the measurement.

Because it reduces measurement noise,
the two-channel cross-correlation tech-
nique is capable of achieving excellent
measurement sensitivity. Since it relies on
DSP techniques rather than analog signal
processing, the measurement sensitivity
is enhanced without requiring exception-
al performance from the measurement
hardware. The two-channel cross-corre-
lation technique also provides greater dy-
namic range than possible with the digital
discriminator method. The two-channel
cross-correlation approach is a good
choice when measuring the phase noise
of free-running oscillators, although it can
be used effectively for phase-noise mea-

Left unchecked,
short-term stability
can have deleterious
effects on electronics
systems that rely on
extensive processing
to extract information
from a signal.

surements on many types of synthesized
and stabilized high-frequency sources
and oscillators.

COMPARING APPROACHES

Phase-noise measurements rely on a vari-
ety of different instrumentation choices,
including  general-purpose  spectrum
analyzers, specialized instruments, and
personal-computer (PC) -based modu-
lar systems. The key differences in these
hardware options center on capabilities,
flexibility, and performance, which deter-
mines the overall performance possible
from a given test setup, including such
parameters as frequency range, dynamic
range, and minimum and maximum
offset frequencies that a solution can
achieve. For example, the direct-spec-
trum approach can be implemented with
a general-purpose spectrum analyzer or
signal analyzer equipped with an optional
phase-noise measurement application or
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personality. In most cases, the measure-
ment application automatically performs
the required carrier and noise measure-
ments and then applies the necessary
correction factors. The results may be
presented as both a logarithmic phase-
noise plot (in dBc/Hz versus logarithmic
frequency) and a table of phase-noise
values at specific offset frequencies from
a desired carrier frequency. This solution
typically works well when making phase-
noise measurements at offsets as close
as 10 Hz or 100 Hz from the carrier and
at offsets as far as 10 MHz from the car-
rier, which is a typical offset range used
throughout the RF/microwave industry
to characterize the phase noise of high-
frequency signal sources.

A benefit of performing phase-noise
measurements with a software applica-
tion or test personality and a general-pur-
pose instrument such as a spectrum ana-
lyzer is the availablity of the analyzer for
test requirements other than phase-noise
measurements. In addition, the cost of the
measurement setup is essentially spread
across any additional number of test ap-
plications possible with the spectrum or
signal analyzer.

For the more complex phase-detector
or cross-correlation methods, a dedicated
standalone or modular test solution is
typically needed and such a test system
may not be suitable for the variety of mea-
surements possible with a spectrum ana-
lyzer. For example, an instrument known
as a signal-source analyzer (SSA) has
been developed as a standalone solution
for measurements of phase noise and oth-
er signal source characteristics. At least
one commercially available SSA includes
low-noise reference sources, an extremely
low noise floor, and the DSP capabilities
necessary to implement the heterodyne
digital discriminator method and the
two-channel cross-correlation technique.
Such instruments are well-suited to mea-
surement offsets as close as 1 Hz and as
distant as 1 GHz. The dedicated function-
ality of an instrument like an SSA often
means easy operation, as well as simpli-
fied setup and calibration.

Some PC-based modular solutions can
be configured with an analog delay line
to implement phase-detector techniques
such as the reference-source/PLL meth-
od or the frequency-discriminator meth-
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od. In the reference-source/PLL configu-
ration, this type of solution often has the
performance and capabilities needed to
measure very low phase noise at offsets as
close as 0.01 Hz when used with a high-
performance LO. In frequency-discrimi-
nator mode, a system configured with an

analog delay line can measure very low
phase-noise levels at offsets far from the
carrier. The downside of the versatility
provided by this approach is that setup
and calibration are more complicated
than with the SSA- or signal-analyzer-
based solutions. DE
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Waveform Generators
Run To 50 GSamples/s

ignal creation is critical to
the design and analysis of
a wide range of military
electronics systems, includ-
ing for electronic-warfare
(EW), radar, and signal-intelligence
(SIGINT) systems. Traditional meth-
ods of creating signals have relied on
analog sources, which can require ad-
ditional hardware and software to cre-
ate advanced modulated signals. With

This pair of high-speed arbitrary waveform genereators
provides the performance needed to create complex
signals for analog, digital, and optical testing to 20 GHz.

in their ranges that can be captured or
defined. The extended high-frequency
performance of the generators is made
possible by a 25-GSamples/s digital-
to-analog converter (DAC) developed
by the Tektronix Component Solutions
group (www.component-solutions.tek.
com). The DAC application-specific-
integrated-circuit (ASIC) design was
fabricated using the 8HP silicon-germa-
nium (SiGe) BICMOS device process

GHz. Random jitter for either generator
is 250 fs root mean square (RMS), with
total typical jitter of 10 ps at 125 Gb/s.
The generous amounts of memory
available with these signal sources en-
able the creation of advanced, long-run-
ning signal formats. For example, in the
single-channel model AWG70001A ar-
bitrary waveform generator, 16 GSam-
ples of waveform memory supports 320
ms of waveform data at the full sam-

the new AWG70000 Series of
arbitrary waveform generators
from Tektronix (www.tektronix.
com), however, an almost un-
limited variety of highly accurate
signals can be created right from
the front panels of these high-
speed instruments. They provide
enough processing power and
waveform memory to generate
output waveforms up to 20 GHz
for defense electronics, serial

pling rate of SO GSamples/s. The
AWGT70001A is equipped with 2
GSamples of memory as a stan-
dard feature and 16 GSamples of
memory as an option, while the
AWG70002A provides 2 GSam-
ples of memory as a standard fea-
ture and 8 GSamples of memory
per channel as an option.

At the maximum sample rates
of 50 and 25 GSamples/s for the
AWG70001A and AWG70002A

communications systems analy-
sis, and even for coherent optical
communication research.

The AWG70000 Series con-
sists of the single-channel model
AWG70001A (Fig. 1, top) and
the dual-channel model AWG70002A
(Fig. 1, bottom). Both create signal
waveforms with 10-b resolution, with
as much as 16 GSamples of waveform
memory available to produce long
signal sequences when necessary. Mod-
el AWG70001A features sample rates
to S0 GSamples/s with 16 GSamples
memory on its one channel. The model
AWG70002A divides that sampling
capability across its two channels for
sample rates as high as 25 GSamples/s
and 8 GSamples memory on each of
its channels.

These arbitrary waveform generators
can essentially generate any signal with-
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1.The single-channel AWG70001A (top) and dual-channel
AWG70002A (bottom) arbitrary waveform generators
operate at sampling rates to 50 and 25 GSamples/s,
respectively.

from IBM (www.ibm.com). The 10-b
vertical resolution translates into out-
standing signal dynamic-range perfor-
mance, with both generators offering a
spurious-free dynamic range (SFDR) of
—80 dBc or better (Fig. 2).

For either generator, second-harmon-
ic levels are better than —60 dBc for out-
put signals below 2 GHz. Second-har-
monic levels are less than S0 dBc from
2 to 6 GHz, and less than —42 dBc for
signals above 6 GHz. Third harmonic
levels are less than —60 dBc for outputs
below 1 GHz, less than —50 dBc for out-
put signals from 1 to 2 GHz, and less
than —40 dBc for output signals above 2

generators, the sin(x)/x 3-dB
rolloff point occurs at 11.1 GHz,
with higher-frequency signals
produced at lower amplitude lev-
els. For instance, the amplitude
flatness for both generators is
within +1.8 dB to 10 GHz, +1.8/-3.0
dB from 10 to 15 GHz. The single-chan-
nel model AWG70001A arbitrary wave-
form generator operates at sample rates
of 1.5 kSamples/s to 50 GSamples/s. It
can generate a maximum frequency of
20 GHz with an output amplitude range
of —8 to —2 dBm. It provides amplitude
resolution of 0.35 dB with amplitude ac-
curacy of 0.17 dB.

The VSWR is 1.32:1 from DC to S
GHz, 1.52:1 from S to 10 GHz, and
1.73:1 from 10 to 20 GHz. The model
AWG70001A arbitrary waveform gen-
erator has an analog bandwidth of 15
GHz and operates at bit rates to 12.5
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Gb/s. It delivers a rise/fall time of bet-
ter than 23 ps for a sampling rate of 25
GSamples/s and better than 27 ps for a
sampling rate of S0 GSamples/s.

The dual-channel model AW-
G70002A provides a maximum fre-
quency of 10 GHz with an amplitude

range of —8 to —2 dBm. It offers 0.35-
dB amplitude resolution with 0.17 dB
amplitude accuracy and amplitude flat-
ness of +0.8/-1.5 dB to 10 GHz. The
AWG70002A exhibits VSWR of 1.61:1
from DC to S GHz and 1.61:1 from S to
10 GHz, with an analog bandwidth of
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2. Both the AWG70001A and AWG70002A
generators offer a spurious-free dynamic
range (SFDR) of —80 dBc or better.

13.5 GHz and bit rates to 6.25 Gb/s. It
offers a rise/fall time of better than 22
ps for a sampling rate of 25 GSamples/s.
The skew between the AWG70002A’s
two channels is within S ps. It provides
channel-to-channel output skew control
from —100 to +100 ps with 500 fs reso-
lution and £S5 ps accuracy and less than
S ps intrachannel skew.

The generators can be used to cre-
ate and simulate real-world signal en-
vironments in a number of ways. Both
arbitrary waveform generators are fully
operational with or without an external
personal computer (PC), and can take
advantage of the company’s powerful
and flexible RFXpress® software.

In addition, the AWG70001A and
AWG70002A generators can use wave-
form vectors imported from third-party
software simulation tools to create and
playback complex waveforms. Signals
captured on Tektronix oscilloscopes or
real-time spectrum analyzers can also
be transferred to the AWG70001A and
AWG70002A generators and played
back. With the aid of the company’s
RFXpress software (Fig. 3), captured
signals can be edited and modified to
meet a wide range of requirements.

Either of the AWG70000A generators
teamed with the RFXpress software can
produce RF, baseband, and intermedi-
ate-frequency (IF) signals for system
test and analysis. The software helps
digitize and synthesis signals, providing
full modulation capabilities over the 20-
GHz bandwidth of the AWG70001A
source and the 10-GHz bandwidth of
the AWG70002A. For fashioning pulsed
and modulated waveforms, the software
can command all the parameters needed
to precisely generate a pulsed waveform;
these include start time, rise time, off
time, fall time, pulse width, droop, over-
shoot, and ripple.

The RFXpress software simplifies
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3.This screen shows the graphical user
interface for the RFXpress software,
which can be used with the AWG70001A
and AWG70002A generators to create

a wide range of analog and digitally
modulated waveforms.

the creation of complex radar signals,
including with step and nonlinear fre-
quency modulation (FM); linear fre-
quency modulation (LFM); and Barker
and polyphase codes. By teaming with
one of the arbitrary waveform genera-
tors, the RFXpress software can be used
to generate pulse trains with staggered
pulse repetition interval (PRI) to re-
solve range and Doppler ambiguity, fre-
quency hopping for electronic-counter-
measures (ECM) and electronic-coun-
ter-counter-measures (ECCM) applica-
tions. It can also support a wide range of
intra-modulation formats.

To simplify signal generation for radar
designs, the RFXpress software can be
used with one of the generators and the
Radar Signal Creation software module.
This module enables operators to build
custom radar pulse suites starting from
pulse-to-pulse trains though complete
groups of pulsed waveforms. A number
of other modules are available for use
with the RFXpress software and the
arbitrary waveform generators, includ-
ing the Environmental Signal Creation
module, which makes it possible to
emulate a complete RF environment,
to evaluate the performance of radar re-
ceivers in the presence of other signals.

For truly complex signal emulation,
two or more of the AWG70000A arbi-
trary waveform generators can be syn-
chronized for linking multiple units to
increase the channel count, as might be
needed for testing some phased-array ra-
dar systems. In addition to their RF/mi-
crowave capabilities, the AWG70001A
and AWG70002A arbitrary waveform

DEFENSE ELECTRONICS - APRIL/MAY 2013

generators can provide serial data sig-
nals to 12.5 Gb/s and can generate high-
speed I/Q signals for testing optical sys-
tems. The instruments can be controlled
via front panel and remotely by Uni-
versal Serial Bus (USB), Ethernet, and
GPIB. P&A: $120,000 (AWG70002A

with 25 GSamples/s sampling rate on
each channel) and up. DE

Tektronix, Inc, 14150 SW Karl Braun
Dr, PO. Box 500, Beaverton, OR
97077; (503) (800) 833-9200, (503)
627-6497, www.tektronix.com.
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Simulator Assists
Infantry Training

With its high-resolution head-mounted display, this
wearable simulation system allows trainees to be fully

immersed in virtual scenarios.

nfantry training is critical to ultimate
mission success in the field, and
modern electronic tools have
made it possible to elevate the
education to a new level. One of the
better training simulators available
is ExpeditionDI® from Quantum3D
(www.quantum3d.com), a wearable
turnkey simulation solution for US Army
infantry simulation and training. The
simulator’s open software architecture
enables integration of simulation and
game software to create realistic battle
scenarios in which those wearing the
simulator can freely act as individuals,
but learn to behave as part of a team.
The ExpeditionDI system is based
on research performed by CG2 (www.
cg2.com), a wholly owned subsidiary
of Quantum3D. Research has shown
that the most dangerous time for
new warfighters is when they are in
a new environment learning how to
handle weapons and different combat
situations. The ExpeditionDI system is
designed to provide practical training
in almost any environment (Fig. 1),
using a hardware “weapon” in a virtual
environment presented on a high-
resolution display screen. The weapon
has a realistic shape, weight, and feel.
The uniform employs a 1280 x
1024 pixel organic-light-emitting-diode
(OLED) head-mounted display (HMD) to
provide realistic images. The simulator
uses wireless connectivity to provide a
collective training environment for any
number of participants (Fig. 2).
Participants do not simply look at
a video screen but are immersed
in a simulated world, with senses
responding to audio and video
information. With the high-resolution
HMD, when a participant moves his
head, the world he is viewing moves

528

1.The ExpeditionDI system is a fully worn
simulator that immerses a user in a virtual
world with audio and video information.

accordingly. Because posture sensors
are built into the leg strap, when a
trainee drops to a knee, his perspective
on the virtual world changes. The
tightly coupled HMD presents a 360-
deg. field of view with the participant
in the middle. The flexible simulator,
with an open architecture that allows
a variety of different simulation and
game software to be integrated into the
controller, can be networked for larger
scale exercises for joint forces training.
The uniform/system includes an audio
headset with microphone for realistic
tactical communications and recording.
Each ExpeditionDl is powered by a
hot-swappable battery for full mobility.

-

The system’s computer is contained
within a wearable pack on the back of
the uniform, and the platform features
an integrated cable-management
system that can withstand hard use in
any training field. The ExpeditionDI also
employs a patent-pending hand-grip/
controller unit that provides an intuitive
interface for locomotion within the
virtual environment. Those wearing
the system hear the sounds of the
environment as well.

The ExpeditionDI simulator is an
effective tool not only for military
trainees, but also for special security
forces and civilian law-enforcement
personnel. Among other programs,
it is currently part of the Dismounted
Soldier Training System led by
the Army’s Program Executive
Office for Simulation, Training, and
Instrumentation (PEO STRI). Because
the training system is portable and
uses wireless communications and can
be operated with a variety of different
software tools, it can be used almost
anywhere and at any time. It can
host a number of different simulation
software programs, including SVS from
Advanced Interactive Systems (www.
ais-sim.com), VBS2 from Bohemia
Interactive (www.bistudio.com), and
RealWorld from Total Immersion
Software (now Intific; www.totimm.
com). In addition, Squad Kits are
available for group training and
mission rehearsal. DE

Quantum3D, 5400 Hellyer Ave.,
San Jose, CA 95138; (408) 600-
2500, FAX: (408) 600-2604, e-mail:
sales@quantum3d.com, www.
quantum3d.com.

2.The ExpeditionDI simulation system can be used in groups with wireless connectivity,

allowing coordinated exercises.
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Model #Switches IL VSWR Isolation RF Pyax Price $ *See data sheet for an extensive list of compatible software.
eFen - @B (@8 ) av.19 TThe mechanical switches internal to each model are 30118}'
ngégggﬁg ; ggg lg gg 18 ggggg offered with an optional 10 year extended warranty. MONE Y'BAG"{
USB-3SPDT-A18 3 005 1o 80 10 980.00 Agreement required, see data sheets on our website for GUARANTEE!
USB-4SPDT-A18 2 005 1o 80 10 1180.00 terms and conditions. Switches protected by patents See minicircuits.com/30day
i ) ‘ ’ : 5,272,458 6,650,210 6,414,577 7,633,361 7,843,289 or details
NEWUSB-8SPDT-A18 8 025 1.2 80 10 2495.00 and additional patents pending.

- - - - ®
[ Mini-Circuits
ISO 9001 1SO 14001 AS9100
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661
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Switch Matrices
Reconfigure To 40 GHz

These 5 x 5 and 10 x 10 offerings bring flexibility and
performance to measurement applications that require
fast switching speeds and high reliability.

witch matrices can greatly
enhance the productivity of a
test-and-measurement system,
reliably routing input signals to
different output ports as needed. In
terms of flexibility, the 5 x 5 switch
matrices in the FX500 series and the 10
x 10 matrices in the FX1000 series—
both from SenarioTek (www.senariotek.
com)—offer a variety of different
configurations for testing commmercial
and military applications. In addition,
the firm recently announced the
extension of these FlexMatrix
reconfigurable switch
matrices to incorporate signal
conditioning when needed.

The rack-mountable FX500 Model
and FX1000 switch matrices FX506
(see figure) are available FX526
in models that provide
frequency coverage of DC to Raay
6 GHz, DC to 26.5 GHz, and FX1006
DC to 40 GHz (see table). FX1026
The FlexMatrix expansion 57 0

ports on these reconfigurable
units make it possible to
expand them to a greater number

of ports, as needed. In addition, the
company recently announced that the
flexibility of these expansion ports

also makes it possible to add signal
conditioning, such as an amplifier or
filter, between a FlexMatrix input and
output port without adding external
switching. This can help simplify testing
of consumer wireless components as
well as military coommunications and
radar equipment.

All FX500 series units are 5 x b
switch matrices with 1 W power
handling capability and 10-ms
switching speed, housed in a 2U-high
rack-mountable chassis. The FX500
series consists of the DC-to-6-GHz
model FX506, the DC-to-26.5-GHz
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The FX500 series 5 x 5 switch matrices and
the FX1000 series 10 x 10 switch matrices
are available in rack-mount enclosures for
applications from DC through 40 GHz.

The FlexMatrix FX500 and FX1000
switch matrices at a glance.

Configuration

5x5 DC to 6 GHz
5P4b DC to 26.5 GHz
5x5 DC to 40 GHz
10 x 10 DC to 6 GHz
10 x 10 DC to 26.5 GHz
10 x 10 DC to 40 GHz

model FX526, and the DC-to-40-GHz
model FX540. Typical performance for
the lowest-frequency switch matrix
includes insertion loss of 1.5 dB, VSWR
of 1.50:1, and isolation between ports
of 80 dB across the full frequency
range. The FX526 switch matrix has
typical insertion loss of 1.5 dB from DC
t0 6 GHz, 2.5 dB from 6 to 18 GHz, and
3.5 dB from 18 to 26.5 GHz. The VSWR
is 1.50:1 from DC to 6 GHz, 2.0:1 from
6 to 18 GHz, and 2.5:1 from 18 t0 26.5
GHz. The isolation is typically 80 dB
from DC to 6 GHz, 70 dB from 6 to 18
GHz, and 60 dB from 18 to 26.5 GHz.
The highest-frequency 5 x 5 switch
matrix, model FX540, exhibits insertion
loss of 1.5 dB from DC to 6 GHz, 2.5
dB from 6 to 18 GHz, 3.5 dB from 18

Frequency range

t0 26.5 GHz, 4.5 dB from 26.5 t0 32.0
GHz, and 6.0 dB from 32 to 40 GHz.
The VSWR is typically 1.50:1 from DC
to 6 GHz, 2.0:1 from 6 to 18 GHz, and
2.5:1 from 18 to 40 GHz. The typical
isolation is 80 dB from DC to 6 GHz, 70
dB from 6 to 18 GHz, 60 dB from 18 to
32 GHz, and 55 dB from 32 to 40 GHz.

The FX1000 series consists of 10 x
10 switch matrices in 4U rack-mount
chassis, also with 1-W input rating and
10-ms switching speed. The series
includes models FX1006 for use from
DC to 6 GHz, FX1026 for applications
from DC to 26.5 GHz, and FX1040 for
use from DC to 40 GHz. As might be
expected, the electrical performance
is somewhat degraded compared to
the smaller FX500 units, but still quite
good. The DC-t0-40-GHz model FX1040
exhibits insertion loss of 3 dB from DC
to 6 GHz, 4 dB from 6 to 18 GHz, 6 dB
from 18.0 to 26.5 GHz, 8 dB from 26.5
t0 32.0 GHz, and 10 dB from 32 to 40
GHz. It has VSWR of 1.60:1
from DC to 6 GHz, 2.10:1
from 6 to 18 GHz, 2.60:1 from
18.0 to 26.5 GHz, and 2.70:1
from 26.5 to 40.0 GHz, with
typical isolation of 80 dB from
DC to 6 GHz, 70 dB from 6
to 18 GHz, 60 dB from 18
to 32 GHz, and 55 dB from
32 to 40 GHz. For the other
models, performance over the
common frequency bands is
quite similar.

The 6- and 26.5-GHz
FX500 and FX1000 switch matrices
are outfitted with precision SMA
connectors, while the 40-GHz models
have precision 2.92-mm connectors.
The 40-GHz models are rated for
operating lifetimes of 2 x 108 switching
operations while the 6- and 26.5-GHz
models are rated for lifetimes of 10 x
108 switching operations. The switch
matrices offer front-panel light-
emitting-diode (LED) position indicators
and standard three-year warranties,
and are available with LAN, GPIB, or
USB interfaces. DE

SenarioTek, 3636 North Laughlin Rd.,

Ste. 150, Santa Rosa, CA 95403; (707)
544-2770, FAX: (866) 409-7626, sales@
senariotek.com, www.senariotek.com.
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High-Speed
DAC Drives
EW Systems

ektronix Component Solutions

(www.tektronix.com) has

developed a highly accurate,
10-b digital-to-analog converter
(DAC) capable of operating at
sampling rates to 25 Gsamples/s.
This high-performance component
is key to the success of the arbitrary
waveform generators featured in
this issue's Cover Story (see p.
24). The DAC is now available apart
from the firm’s instrument products
for use in defense, medical,
commercial aerospace, and
coherent optical applications.

The high-speed DAC (model
TDAC-25), which is ideal for
electronic-warfare (EW) applications,
features a dynamic range exceeding
—60 dBc across its operating range.
The application-specific integrated
circuit (ASIC) supports direct
generation of wideband signals at
bandwidths of 12 GHz and more.
The DAC has already been designed
into two next-generation systems
under development, including
the CHAMP-WB-DRFM, a VPX
module designed by the Defense
Solutions group of Curtiss-Wright
Controls Defense Solutions (www.
cwcdefense.com).

Tom Buzak, President of
Tektronix Component Solutions,
notes that “this new DAC offering
showcases the effectiveness
of our development model. Our
organization brings the expertise
in ASIC design, chip packaging,
and RF/microwave data converters
needed to power new Tektronix
instrumentation. At the same time,
we're able to make these advanced
capabilities and technologies
available to customers in non-
competing industry segments,
helping to solve their signal
generation challenges and lower
the cost of their systems.”

DEFENSE ELECTRONICS * APRIL/MAY 2013

IR Satellite Joins

SBIRS Configuration

he second Space Based Infrared

System (SBIRS) Geosynchronous

Earth Orbit (GEO-2) spacecraft
was encapsulated into its payload
in preparation for its launch and
addition to the SBIRS missile-defense
configuration. As mentioned on p. 22,
this advanced infrared (IR) surveillance
satellite, developed by Lockheed
Martin (www.lockheedmartin.com),
will enhance the United States’ missile
warning capabilities while improving
missile defense, intelligence, and
battlespace awareness.

The satellite (see figure) includes
highly sophisticated scanning and
staring sensors with improved IR
sensitivity. Its scanning sensor will
provide a wide area surveillance
of missile launches and natural
phenomena across the earth, while
the staring sensor will be used to
observe smaller areas of interest
with superior sensitivity.

The SBIRS includes a mix of
satellites in geosynchronous orbit,
hosted payloads in highly elliptical earth
(HEQ) orbit, and ground hardware and

software. Lockheed Martin's SBIRS
contracts include four HEO payloads,
four GEO satellites, and ground assets
to receive, process, and disseminate
the infrared mission data. The firm has
also begun procuring long lead parts for
the fifth and sixth GEO satellites. The
SBIRS team is led by the Infrared Space
Systems Directorate at the US Air Force
Space and Missile Systems Center.
Lockheed Martin is the SBIRS prime
contractor and Northrop Grumman is
the payload integrator. The US Air

Force Space Command operates

the SBIRS system.

Armored Vehicles Require Costly Upgrades

(www.visiongain.com), the global market for upgrades and retrofits to

armored vehicles will be worth $4.97 billion (USD). Annual spending on
systems retrofitted to armored vehicles is expected to rise by 17.7% based
on their 2012 levels. The report “Global Armored Vehicle Upgrade & Retrofit
Market 2013-2023," points to the need to improve vehicular performance
in Afghanistan and other locations. In spite of expected cuts in US defense
spending, the nation is committed to programs worth more than 45% of the
global armored vehicle upgrade market in 2013.

The Visiongain report provides a detailed breakdown of the sources of
growth and areas of contraction in the armored vehicle upgrade and retrofit
market, including detailed 10-year budget forecasts for the 20 largest national
countries. The financial research is backed by interviews with representatives
from four key locations, including AmSafe (www.amsafe.com), Plasan (www.
plasan.com), and Navistar Defense (www.navistardefense.com). The 185-
page report details trends and market projections within the armored vehicle
upgrade and retrofit market.

A ccording to market research performed by industry analysis Visiongain
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Power Sensor Spans DC To 110 GHz

odel R&S NRP-Z58 is a broadband pow-

er sensor that enables power
measurements over the con-
tinuous frequency range of DC
to 110 GHz. The thermal sensor supports a
dynamic range from -35 to +20 dBm (55 dB)
and is capable of more than 300 measurements
per second for production testing. With its integral Universal
Serial Bus (USB) connector, the sensor can be connected di-
rectly to a personal computer (PC). It is also designed for use
with any of the company’s signal generators, spectrum ana-
lyzers, or network analyzers.The sensor offers linearity of 0.01

Phase Shifter Runs 18 To 40 GHz

dB and includes a ball-bearing 1-mm coaxial
plug connector for ease of connection to
other test equipment. The sensor’s high
frequency range makes it a suitable tool

for analyzing commercial automotive ap-

plications—such as cruise-control and collision-

warning systems—at 77 GHz, as well as industrial

and military radar systems at 94 GHz.

Rohde & Schwarz USA, Inc.

8661A Robert Fulton Dr., Columbia, MD 21046-2265; (410) 910-

7800, FAX: (410) 910-7801; e-mail: info@rsa.rohde-schwarz.com.,

www.rohde-schwarz.com.

Amplifier Cuts Noise From 5 To 11 GHz

odel 7929 is a digitally programmable phase shifter suit-

able for military airborne systems operating from 18 to
40 GHz. Over that frequency range, it provides a full 360-deg.
phase shift with accuracy of +15 deg. and maximum switching
time of better than 500 ns. It
uses 10-b transistor-transistor-
logic (TTL) control to adjust
phase, boasting resolution as
fine as 0.35 deg. with guaran-
teed monotonic phase con-
trol. The phase shifter handles
signals to +20 dBm without
performance degradation,
with insertion loss specified at
15 dB but more typically at 13 .
dB across the wide frequency range.The component achieves
typical input second-order and third-order intercept points of
+60 and +35 dBm, respectively. The phase shifter is supplied
in a hermetic package measuring 1.95 x 1.67 x 0.52 in. and
designed for an operating temperature range of =54 to +95°C.
Herley General Microwave
227A Michael Dr. Syosset, NY 11791; (516) 802-0900, FAX:
(516) 802-0897, e-mail: sales.newyork@herley.com, www.
herley.com.

MODEL 7929
FREQUENCY: 18-40 {311z

—
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Power Amplifier Drives 6 To 18 GHz

odel CMD132P3 is a low-noise amplifier (LNA) that pro-

vides outstanding RF/microwave performance from 5
to 11 GHz. This offering is suitable for C- and X-band point-
to-point and point-to-multipoint radios, as well as in military
and space equipment. The LNA exhibits a low noise figure
of 1.3 dB across its frequency
range, with better than 20-dB
gain and an output 1-dB com-
pression point of +10 dBm. It
provides +13-dBm saturated
output power and a third-order
intercept point of +22 dBm. In-
put return loss is typically 10
dB and output return loss is
typically 15 dB. Housed in a RoHS-compliant, 3 x 3 mm QFN
plastic surface-mount package, the amplifier operates with a
single voltage supply of +3.6 VDC and only 30 mA current.The
50-Q matched design does not require external DC blocks or
matching components, and can be installed with a minimal
number of external components other than bypass capacitors.
Custom MMIC
1 Park Dr., Unit 12, Westford, MA 01886; (978) 467-4290,
FAX: (978) 467-4294, e-mail: davef@custommmic.com, www.
custommmic.com.

odel BHE69189-20 is a solid-state Class AB linear power

amplifier that provides output levels in excess of 20 W
from 6 to 18 GHz. Designed to work into a 2.0:1 load VSWR,
this rugged amplifier offers 25-W typical saturated output
power; it boasts better than 41 dB (and typically 45-dB) gain
with an output level of 20 W. The RF input overdrive level oc-
curs at +10 dBm. Second harmonics are —15 dBc, while third-
harmonic levels are at —30 dBc. Spurious output levels are at
—60 dBc or less. Using a 5-V transistor-transistor-logic (TTL)
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signal, the amplifier can be enabled or disabled in 2 microsec-
onds or less. The rack-mountable amplifier measures 19 x 22
x 3.5 in. and weighs 40 Ibs. lIt is supplied with Type-N female
coaxial connectors, but available with SMA orTNC connectors
as options.

Comtech PST

105 Baylis Rd., Melville, NY 11747; (631) 777-8900, FAX:
(631) 777-8877. e-mail: sales@comtechpst.com, www.
comtechpst.com.
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CERAMIC AMPLIFIERS

10MHz to6GHz  High IP3 upto 38dBm  Low DC current 80mA 4%..,

When failure is not an option. Our new CMA amplifiers deliver ~ Robust performance across wide bandwidths make them
incredible performance, in an incredibly rugged, nitrogen-filed ideal for instrumentation, or anywhere long-term reliability
hermetic LTCC design, just 0.045” high, that can only be found  adds bottom-line value, in outdoor, industrial & commercial
at Mini-Circuits! These models are so tough, they’ve qualified  applications. Go to minicircuits.com for all the details today,

for use under every test condition we’ve thrown at them: and get them in your hands as soon as tomorrow!
MIL Standard Qualifications (see website for complete list and details) Electrical Specifications (-55 to +105°C)
Gross and Fine Leak  HTOL (1700 hours+ @ +705°C) Model Freq. Gain Poyur IP3 NF DC Price $ea.
Mechanical Shock Thermal Shock % (GHz) (dB) (dBm) (dBm) (dB) (V) (qty20)
Vibration Steam Aging CMA-62+ 0.01-6 15 19 3 5 5 4.95
Acceleration Solder Heat Resistance CMA-63+ 0016 20 18 32 4 5 495
3x 3x1.14mm CMA-545+ 0.05-6 15 20 37 1 3 495

PIND Autoclave (and more) ORoHS compliant

Mini-Circuits...we’re redefining what VALUE is all about!

[ Mini-Circuits’

ISO 9001 1SO 14001 AS9100
~® P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661
@:ﬂz The Design Engineers Search Engine finds the model you need, Instantly « For detailed performance specs & shopping online see miniciﬁui&wm
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GaN Amp Drives Satcom Systems

odel XTSLIN- =

100X-B1 is a § =
power amplifier with
block upconverter
(BUC) based on
gallium-nitride (GaN)
device technology.The am-
plifier delivers 100 W linear out-
put power from a compact housing
measuring just 6.8 x 10.5 x 17.0 in. The
amplifier provides efficient operation
for single- or multicarrier tactical sat-
com systems. With its BUC, it handles
input signals from 950 to 1450 MHz and
provides output signals from 79 to 8.4

. ~_w GHz, using a 6950-
it ' MHz local-oscillator
(LO) signal. The unit
is available with 60
" to 68 dB factory-
configurable  small-
signal gain with +0.5-
dB or better gain varia-
tion over any 400-MHz operating
frequency segment.
Comtech Xicom Technology, Inc.
3550 Bassett St., Santa Clara, CA 95054;
(408) 213-3000, FAX: (408) 213-3001,
e-mail: sales@xicomtech.com,
xicomtech.com.
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Amplifiers Power Systems To 20 GHz

pair of transistor amplifiers fromTriQuint Semiconductor serve commercial and
military communications applications through 20 GHz. Model TGA2579-FL is a

high-gain amplifier supplied in a 14-pin flange package. It delivers 32-dB small-sig-
nal gain with +44-dBm saturated output power from 13.75 to 15.35 GHz. It features
a typical third-order intercept point of +48 dBm and 30% power-added efficiency.
The amplifier incorporates low-loss ground-
signal-ground (GSG) transitions and is supplied
in a lead-free and RoHS-compliant housing.
Designed for operating temperatures from -40
to +85°C, it runs on drain voltage of +25 VDC,
quiescent drain current of 1 A, and typical gate
voltage of -3.4VDC.The more broadband model
TGM2543-SM is a combination limiting amplifier
and low-noise amplifier (LNA) that can survive
CW input levels to 4 W from 4 to 20 GHz. This GaAs device varies gain by means of
its two gates, with typical electrical requirements that include drain voltage of +5
VDC, drain current of 100 mA, and voltage of -0.6 and +1.3VDC at the two gates.
TriQuint Semiconductor, Inc.

2300 NE Brookwood Pkwy., Hillsboro, OR 97124; (503) 615-9000, FAX: (503) 615-8902,
e-mail: info-sales@tgs.com, www.triquint.com.
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Pads Program Levels
From DC To 18 GHz

rogrammable attenuators in the

PA series from RLC Electronics are
available in coaxial housings for appli-
cations from DC to 18 GHz. Two basic
models provide total attenuation ranges
of 0to 15 dB in 1-dB steps (model PA124)
and 0to 70 dB in 10-dB steps (model PA-
125). For example, PA-125 models can
be specified for frequency ranges as
wide as DC to 18 GHz with maximum in-
sertion loss of 0.5 dB from DC to 5 GHz;
0.8 dB from 5.0 to 12.4 GHz; and 1.0 dB
from 12.4 to 18.0 GHz.These attenuators
exhibit maximum VSWR of 1.50:1 from
DC to 5 GHz; 1.70:1 from 5.0 to 12.4 GHz;
and 1.80:1 from 12.4 to 18.0 GHz. The
rugged PA-125 attenuators are supplied
with SMA female connectors. They use
attenuation cells of 10, 20, and 40 dB to
achieve the values of 10, 20, 30, 40, 50,
60, and 70 dB, with accuracy of at least
+1 dB per cell. Both types are available
with TTL drivers, failsafe or latching op-
eration, and +12- or +28-VDC coils, and
in a choice of frequency ranges.
RLC Electronics, Inc.
83 Radio Circle, Mount Kisco, NY 10549;
(914) 241-1334, (FAX: (914) 241-1753, e-
mail: sales@rlcelectronics.com. www.
rlcelectronics.com.

Combiner/Divider
Goes Eight Ways

odel D5829 is an eight-way power

combiner/divider rated for 400 W
CW power from 20 to 500 MHz. It fea-
tures at least 20-dB isolation between
ports, with maximum VSWR of 1.40:1.
The insertion loss is 0.75 dB or less
across the full frequency range. Phase
balance is +5 deg. or better, while am-
plitude balance is +0.3 dB or better. The
rugged power combiner/divider mea-
sures 12.00 x 775 x 2.25 in. with choice
of Type-N female connectors, SMA con-
nectors, or a combination of the two
connector types.
Werlatone, Inc.
17 Jon Barrett Rd., Patterson, NY 12563;
(845) 278-2220, FAX: (845) 278-3440, e-
mail: sales@werlatone.com, www.wer-
latone.com.
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A National
Instruments
Company™

When you're racing toward important
targets, design performance is
paramount. Don't let yourself be

The AWR
duped. Nobody does more for
I I I I I I\Nave mmVWave MMIC design than AWR.

You can do circuit, system, and
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e =  more accurately. VWhat's more, with
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COMPLETING YOUR IDEAS®

Custom Design Manufacturer
DC through 40 GHz - High-Mix/Low Volume - Multi-Technology Expertise

thinking

Beamformers - Power Dividers - Directional Couplers - Hybrids

TRM is a recognized leader in the design and manufacture of custom RF and microwave components,
integrated assemblies and subsystems for defense, space and commercial applications.

Over its 42 year history, TRM Microwave has built its solid reputation by engineering innovative
solutions for mission critical systems using the most suitable combination of stripline, coaxial,
microstrip, ferrite and air-strip technology. From sourcing of quality materials to optimized
manufacturing processes and equipment, TRM is committed to delivering the best solution to our
customers. Our catalog of power dividers, couplers and hybrids provides a cost-effective starting
point for upgrading to high-reliability, space-qualified components.

Email us at info@trmmicrowave.com or call us at 603.627.6000 to learn more about our custom
capabilities. We are growing... Apply today!

603.627.6000
TRM is ISO 9001:2008 certified and info@trmmicrowave.com
is an ITAR compliant facility.
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