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In your world, tough regulatory requirements are on their way. But you’re ready to meet them without
missing a beat. bio-based plasticizers are phthalate-free and RoHS compliant. In
the wiring and flexible-PVC plastic components you make for personal electronics, they provide the same
performance, feel and flexibility as the materials you’re using now, while meeting current requirements for
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Highest Standard for Quality and Control.

Mouser has high-level traceability and anti-counterfeit controls to serve aerospace, industrial, and
commercial products. Your one source for What’s Next.

Widest selection of newest products Fastest introduction of new products
Millions of products online 1450+ microsites and resources
Localized global support Accurate, Same-Day Shipping
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Ham radio in the 21st century
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JHam raglio today,differs greatly

from that of past years, but it
sstillfoffefs a fascinating way to

explore electronics Heze s a look at how it
has changed and what it has to offer both old
handssandknewcomerssalike. * =« «

By Doug Grant K7DG

Designing smarter for
single-battery applications

Designs using one boosted battery
can reduce a project’s overall cost
and size.
By Jason Tollefson and Mikhail Voroniouk,
Microchip Technology, and Adam
Jakubiak, Energizer Battery Co
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AGC circuit uses an analog multiplier

contents

Advanced
security
prevents
counterfeit
products

Strategies and technologies are
available to help engineers develop
and implement security measures
to prevent counterfeit products
from entering the supply chain.
By David Richetto, Inside Secure

Powering DDR memory
and SSTL

Although DDR memory is popu-
lar for meeting today’s demand for
large amounts of high-speed memory in
small form factors, providing power to
DDR memory can pose some difficulties.
By Peter James Miller, Texas Instruments

Circuit detects rapidly falling signals and rejects noise
Hack into a stopwatch to make a phototimer

Comparator directly controls power-MOSFET gate
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Handheld spectrum
analyzer targets use in field
maintenance of base stations

Scopes with built-in function
generators add AWG capability
and more

Drivers cover range
of dimmable-LED lights,
form factors

RF transistors use
LDMOS technology
for better saturation

USB-powered oscilloscopes
feature real-time 1G-sample/
sec rates

Virtual target eases
software development
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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
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/800Hz

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).
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JOIN THE CONVERSATION CONTENT
Comments, thoughts, and opinions shared by EDN’s community Can’t-miss content on EDN.com

In response to “Computer History Museum honors
Jim Williams and Bob Pease,” by Paul Rako,
http://bit.ly/reROYC, Joel Libove commented:

88 “Seeing Jim’s workbench and reading his and
X Bob Pease’s great articles gave me comfort in our
LSESTSN company’s equally messy and overcrowded but very
product/ve /abs Instead of being distracted with fluff and appearances,
Bob and Jim focused on the key engineering ... issues ... and thereby VIDEO: ELECTRIC
encouraged the right mix of creativity and rock—so//o’ des/gn methodology | JUNKYARD GAMELON
in a generation of us newer engineers. | deeply miss them both.”

Using coat hangers, rubber bands,
and a piezoelectric transducer
In response to “Silicon’s not irrelevant after all!” by tethered to a microphone pickup,

. Patrick Mannion, http://bit.ly/oHWRh7, Meredith Terry from Electric Junkyard
“¥ Poor commented: Gamelon used MakerFaire to
Y “I've been programming since 1970. The first CPU demonstrate another of her musical
| worked on was a direct ancestor of the 8008: the creations, all constructed from
Datapoint 2200. This implementation predated DRAM; | everyday, well, junk.
it used a solid-state recirculating memory. http://bit.ly/pCPBV2

| was always trying to figure out what the next iteration of Moore’s
Law would allow Time and time again, | vyou(d believe that we would US-MADE LEDs MAKE
be able to run multiple concurrent tasks, avoid virtual memory, etc, only s
to find that the next generation of hardware didn’t have enough oomph. THEIR WAY TO CHINA'S

When | think of algorithms for recognizing various ... plants from STREET LIGHTS
video or still pictures ... a lot of software is needed, but this has got to Cree, with its recent announcement
finish well within one’s lifetime, so the hardware resources are critically that more than a million of the
important. As the hardware resources have improved geometrically, company’s XLamp XP-G and
more software is needed per dollar of hardware ... . However, as XP-E HEW (high-efficiency white)
expectations rise, so does the need for hardware-level rocket science.” LEDs went into China’s first major

EDN invites all of its readers to constructively and creatively comment highway LED lighting project,

hat it manuf: h
on our content. You’ll find the opportunity to do so at the bottom of each rLeEpé):ﬁ}dSufg;m ?\l CL;J actured the
article and blog post. To review current comment threads on EDN.com, . ' '
visit http://bit.ly/EDN_Talkback. http://bit.ly/pyLQp0

© ENGINEERING COMMUNITY

‘ Opportunities to get involved and show your smarts

EDN'’s VOICE OF THE ENGINEER BLOG is all about giving you, the engineer, a voice.
Open to our audience, we encourage engineers to share their perspectives on all matters

of engineering, be that what’s happening in the electronics industry, changes to design,
what it means to be an engineer, or anything else of relevance to you and your peers. E-mail
submissions to edn.editor@ubm.com and tune in to see what your fellow EEs have to say.
http://bit.ly/VoiceOfTheEngineer

8 EDN | NOVEMBER 3, 2011 [www.edn.com]
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Not all wireless applications
require a robust power supply.
That's where Anaren Integrated
Radio (AIR) modules come in!

> Industry’s easiest, most cost-
effective RF implementation

> Low-power RF solution

> Virtually no RF engineering
experience necessary

> Tiny, common footprints

> Pre-certified/compliant:
FCC, IC, ETSI (as applicable)

> Choice of modules based on
TI CC11xx and CC25xx, low-power
RF chips: 433MHz, 868MHZ
(Europe), 900MHz, 2.4GHz

To learn more, write AIR@anaren.
com, visit www.anaren.com/air,
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School daze: Do you need
a degree to be a real engineer?

uring a recent conversation over lunch with some co-workers,
I made a statement that turned a few heads. One co-worker’s
daughter had plans to look at colleges over the weekend, and
I noted that my husband and I don’t expect our son to go
to college. This comment was somewhat surprising because
both my husband and I are college graduates who look back
fondly on our days in school and because our son is a toddler and his college
years are more than a decade away.

My point, however, was that, with
the rising cost of a college education
and so many success stories about peo-
ple lacking a degree, he may choose a
path that does not ultimately include a

stop at college.

This lunchtime conversation
occurred a few days after ESC
(Embedded Systems Conference)
Boston 2011, where EDN and its
sister publications hosted a networking
event for students and young engineer-
ing professionals as well as experienced
engineers (Reference 1). About 25
people attended, including some of
the smartest 20-somethings I’ve had
the pleasure of meeting in the more
than 10 years ['ve been covering the
electronics industry.

Many of these newbies were from

local universities, and all spoke posi- If a company of

tively about their schools. Yet, col-

lege for some of these young men and such influence
women seemed more like an avenue could be born with

to opportunities than an isolated

learning experience. In speaking with two of the founders
these students, I heard them talk more IaCklng a Sheep-
enthusiastically about their hands-on Skin, I wonder: Do

efforts at internships, student groups,

lab time, or design competitions than = YOU need to go to
about their classes. SChOOI to be an

For some, college can be a stifling

experience. Apple co-founder Steve engineer?

10 EDN | NOVEMBER 3, 2011
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Wozniak made statements to that
effect a few months earlier when he
spoke at ESC Silicon Valley 2011.
The late Steve Jobs also had made
similar comments on numerous
occasions.

Two of the three minds behind
Apple lack a college degree. If a com-
pany of such influence and that offers
products that dominate the market on a
worldwide scale could be born with two
of the three founders lacking a sheep-
skin between them, I wonder: Do you
need to go to school to be an engineer,
or is that idea just a mindset?

Clearly, you must educate yourself
and always be learning, but do you need
to learn at a college or a university? Does
an engineering hobbyist deserve the
same respect as a professional electrical
engineer?

By the time you read this col-
umn, my son will be 20 months
old, a far cry from the 20-year-
old students we chatted with at
ESC Boston a few short weeks
ago. However, because | work at

EDN and sometimes read the

articles to him instead of nurs-
ery rhymes, he’s already—I
am convinced—showing the
early signs of STEM (science/
technology/engineering/
mathematics) talent. He
takes apart everything he can,
methodically categorizes his
toys, and does some basic math.

In other words, he has what EDN

Technical Editor Margery Conner

and Dilbert creator Scott Adams

describe as “the knack.”

My son will grow up to be what he
wants to be, but, if he decides to pursue
a career in engineering, will he need
to go to college to do so? Please let me
know so that I can start looking for a
second—and, perhaps, a third—mort-
gage Now.EDN

REFERENCE

ill Deffree, Suzanne, “Engineering the
next generation,” EDN, Sept 8, 2011,
pg 10, http://bit.ly/reMSYH.

Contact me at suzanne.deffree@ubm.com.

[www.edn.com]
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INNOVATIONS & INNOVATORS

Handheld spectrum analyzer targets use
in field maintenance of base stations

ohde & Schwarz has developed a
Qrugged, lightweight, and portable

spectrum analyzer for maintaining
or installing transmitter systems, check-
ing cables and antennas, and assessing
transmitted-signal quality. The FSH4 and
FSH8 series of analyzers can also demodu-
late and analyze all signal bandwidths as
high as 20 MHz that are defined in the LTE
standard. Coupled with demodulation and
analysis of 3GPP WCDMA, CDMA2000,
and EVDO, the FSH series spectrum ana-
lyzers provide an all-in-one solution for field
maintenance.

The analyzers check signal quality
in the spectral and the time domains
using channel power and pulsed sig-
nal measurements and measure the
spurious emissions of mobile-radio
base stations using the SEM (spec-
trum-emission-mask) function. Spuri-
ous emissions can interfere with adja-
cent transmitting signals, resulting in
reduced signal quality and lower data
rates. The FSH family supports all LTE
measurements —from SISO (single-
input/single-output) to MIMO (multiple-
input/multiple-output) transmissions.

In addition, the family delivers spec-
trogram analysis of intermittent faults,
distance-to-fault measurements on
cables, and one-port cable loss
measurements. The FSH series spec-
trum analyzers also measure antenna
matching, test power ampilifiers using
full two-port vector-network analysis,
and provide for a number of RF-
power-measurement modes. The
devices can serve as highly accurate

12 EDN | NOVEMBER 3, 2011

RF-power meters at frequencies as high as 67
GHz when operating with the vendor’s NRP
power sensors. Using the FSH series power
sensors, the FSH models can simultaneously
measure the output power and matching
transmitter-system antennas under operating
conditions as high as 120W, and they normally
eliminate the need for any extra attenuators.
Prices for the FSH4 and FSHS start at $9220
and $13,545, respectively.

—by Fran Granville

Rohde & Schwarz,

www.rohde-schwarz.com.

EDITED BY FRAN GRANVILLE

S€

—Electrical engineer David
Bogardus, in EDN's Talkback
section, at http://bit.ly/qaX1Q9.
Add your comments.

The portable FSH4
and FSH8 spectrum
analyzers help field
engineers maintain
and install trans-
mitter systems,
check cables and
antennas, and
assess transmit-
ted-signal quality.

[www.edn.com]



Recent Product Innovations

‘ AD5755-1: First 16-bit multichannel control DAC with
dynamic power control; 80% lower power consumption,
75% lower net thermal rise. 4 X more integration and
2 more accuracy.

ﬁ AD5750: High performance output driver; current and
voltage drive capability with user programmable ranges;
3X accuracy improvement over competing products,
with integrated diagnostics and fault detection features.

Q ADA4091-4: Quad precision micropower op amp;
rail-to-rail input/output; 12V OVP @ =15V supply;
60% lower offset, 20 dB higher CMRR, 50% less current
over existing solutions.

@ ADuM3160: 12 Mbps/1.5 Mbps upstream-facing USB
""" digital port isolator; reduces embedded controller board
space, eases design. Class 3A contact ESD performance
(5 kV); UL, CSA approvals.

ﬁ AD7606: 8-channel DAS with simultaneously sampling
16-bit 200 kSPS ADC. =10V and =5V on 5V supply.
Each channel with input clamps and filter; 92 db + SNR.
4- and 6-channel versions available.

et [m] Circuits
H Y from the Lah
Reference Circuits
Circuit designs built and tested to ensure
 function and performance. Use a QR reader
- app on your smartphone and watch video now.

analog.com

Designed to innovate,
built to last.

Process control
solutions from ADI.

Signal processing ICs for reliable,
efficient control systems.

How can your design help to reduce energy consumption and
improve plant efficiency? With application-optimized solutions from
ADI. Whether in PLC, DCS, or temperature controller systems, our
signal processing ICs enable more channels, in a reduced form
factor, while effectively managing power and heat concerns. And
because they come from ADI, you can be assured of rock solid
performance and availability throughout the life of your design.
Experience for yourself the products and resources that can make
a difference at www.analog.com/PCinnovate.

ISOLATION
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SYSTEM CONTROLLER/
TEMPERATURE —»| PROCESSOR
FLOW —»MUX
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Vout 1
Vour 2
Vour s
Vour n

ACTUATOR CONTROL/
VALVE CONTROL
4mA TO 20mA COMMS

From industry-leading data converters and amplifiers to patented signal isolation
technologies, ADI has the products and system-level expertise to optimize your
automation and control system performance.

ANALOG
DEVICES
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Scopes with built-in function generators
add AWG capability and more

few months ago, when
Agilent announced its
moderately priced,

100- to 500-MHz InfiniiVision
3000 X series DSO/MSO family,
the company also announced
a built-in waveform genera-
tor. Although it is doubtful that
the 3000 X series scopes were
the first to include a waveform,
or function, generator, it was
the first function generator in
moderately priced benchtop
scopes from a major manufac-
turer and the first to integrate so
well with the host instrument.
Still, prospective users clam-
ored for even more from the
frequency-synthesizer-based
signal sources, or function
synthesizers.

The most widely demanded
improvement was an AWG
(arbitrary-waveform-genera-
tor) capability in addition to
the original version’s ability to
produce more than a dozen
fixed functions. Although they
applauded the presence of
the generator, critics wanted
to know why they couldn’t use
it to output replicas of scope-
captured waveforms, which
could serve as stimuli for a sys-
tem under test.

Now, only a few months later,
Agilent has added the AWG
capability, and customers who
own 3000 X scopes with the
waveform-generator option can

DILBERT By Scott Adams

obtain the new feature at no
cost and install it themselves
rather than send the scope to
a service center. Agilent most
likely had the AWG in mind
from day one but needed
more time to tweak the fea-
tures before releasing it.

By taking advantage of
the AWG, the manufac-
turer has added a family
of options for such appli-
cation-oriented tasks as
power-system measure-
ments and debugging and
validating several popular serial
buses. Moreover, unlike some
competitive instruments, which
can accommodate only one or
two options at a time, these
scopes work even when you
install all available options; the
options don’t interfere with
one another, and you need not
uninstall any of them to make
room for any other.

The scopes’ waveform-gen-
eration capabilities do not elimi-
nate the need for separately
packaged generators. Although
a well-designed generator in a
scope costs less than a sep-
arate unit, can be easier to
use, and can help to reduce
benchtop clutter, a stand-alone
generator can provide greater
bandwidth, deeper waveform
memory, greater vertical reso-
lution, and such features as the
ability to nest and condition-

ally insert waveform segments,
thereby enabling the creation of
far more complex signals.

The moderately priced
InfiniiVision 3000 X series
DSOs and MSOs are now ca-
pable of generating more than
just fixed waveforms. The
manufacturer has upgraded
the optional built-in function
synthesizer to enable genera-
tion of user-defined arbitrary
waveforms, including replicas
of captured waveforms.

The optional generator in the
3000 X scopes has relatively
modest specifications—wave-
form memory of 8000 10-bit
samples and a maximum out-
put bandwidth of 20 MHz. Pop-
ularly priced, separately pack-
aged generators usually offer
waveform memory of 16,000
to 64,000 12-bit samples and
50-MHz or greater bandwidth.
By comparison, the 3000 X
series’ top-of-the-line scope
offers analog-acquisition band-
width of 500 MHz and cap-

I KNOW WHAT I'M
TALKING ABOUT. I
HAVE THIRTY YEARS
IN THIS INDUSTRY!

Dilbert.com DilbertCartoonist@gmail.com

HOW DOES THAT HELP
YOU UNDERSTAND
| TECHNOLOGY THAT IS
SIX MONTHS OLD IN A
YOUTH—ORIENTED
CULTURE?

122340 ©2010 Scott Adams, Inc./Dist. by UFS, Inc.

PLEASE DONT
HIT ME WITH
YOUR MODEM.
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tures records as long as 4 mil-
lion points in the interleaved
half-channel mode. To output
a captured waveform, you use
the scope’s highly advanced
zoom capabilities to select the
waveform segment you want
the generator to
reproduce. Usually,
you must also invoke
decimation, which
can discard a large
percentage of the
acquired segment’s
samples so that the
resulting record fits
into the generator’s
memory and doesn’t
exceed the generator’s out-
put bandwidth. In other words,
although the built-in generator
is ideal for many scope users,
those who need to produce
longer signals or signals with
more bandwidth or greater
detail probably need separate
generators.

US list prices for scopes in
the InfiniiVision 3000 X series
range from $2810 for a DSO
with 100-MHz bandwidth
on two analog channels to
$11,590 for an MSO with 500-
MHz bandwidth on four ana-
log channels. You can convert
any DSO to the correspond-
ing MSO simply by licens-
ing and activating software
in the system memory. The
AWG option adds $715, and
BenchLink Waveform Builder
Pro software costs $750. An
advanced-math option adds
$300. Application-oriented vali-
dation and debugging options
cost $715 to $1500 each.

The manufacturer also
offers promotional discounts
on some models. One of
these discounts allows pur-
chasers of certain other prod-
ucts to obtain a four-channel,
350-MHz-bandwidth DSO at
no additional cost.

—by Dan Strassberg

Agilent Technologies,
www.agilent.com.
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Your question:
Why full bandwidth

up to 1 mV/div?

Our answer: For high signal fidelity and measurement accuracy
on fast, low-amplitude signals.

The R&S®RTO oscilloscopes offer high vertical input sensitivity of
up to 1 mV/div. They always operate at high measurement accuracy
because the full bandwidth of the oscilloscope can be used

at even the lowest sensitivity levels. Furthermore, the R&S®RTO
oscilloscopes do not use software-based zooming. They show the
signal’s real test points at all sensitivity levels.

See for yourself
www.scope-of-the-art.com/ad/fag-bw/edn

ROHDE&SCHWARZ
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Drivers cover range
of dimmable-LED lights, form factors

arking what looks like
the first introduction
of a National Semi-

conductor part under the new
Texas Instruments banner, Tl
has announced two new LED
drivers—one with a National
Semi heritage and one from
TI. The two parts roughly sort
themselves out into two power
categories: The National-devel-
oped LM3448 targets 2 to 8W,
dimmable-LED-lighting drivers,
and the TI TPS92070 suits 6 to
20W, dimmable-LED-lighting
drivers. Both products feature
thermal shutdown, power-sup-
ply undervoltage lockout, cycle-
by-cycle peak-current limit, and
LED open protection.

The adaptive, constant-off-
time, ac/dc, constant-current
LM3448 LED regulator inte-
grates a 600V MOSFET that tar-
gets integrated-LED-lamp form
factors that require low-com-
ponent-count, high-perform-
ance dimmable-LED drivers.
It includes a phase-angle dim-

ming decoder compatible with
leading-edge TRIAC and trail-
ing-edge electronic dimmers,
allowing full-range LED dim-
ming. An integrated 600V, ava-
lanche-protected, high-volt-
age, low-on-resistance MOS-
FET reduces design complexity
and improves LED-driver effi-
ciency. The LM3448 can oper-
ate in both isolated and noniso-
lated systems employing buck,
flyback, or buck-boost topol-
ogy and using either active
or passive, or valley-fill, PFC
circuits.

The flyback, ac/dc, constant-
current TPS92070 LED-driver
controller suits use in both
uniform- and dimmable-LED
drivers. It includes TRIAC-dim-
mer-management circuitry that
decodes dimmer-conduction
angles and produces a visu-
ally pleasing exponential-LED-
current profile. The TPS92070
targets applications requiring
valley switching and driver-to-
driver LED-current regulation of

less than 5% during deep dim-
ming. The innovative second-
ary-side feedback eliminates
the need for optocouplers and
error amplifiers that isolated
designs require, reducing size

The highly integrated LM3448 and
TPS92070 LED-driver ICs ease de-

sign complexity.

and cost and enhancing safety
reliability. The TPS92070 can
operate in both isolated and
nonisolated systems employ-
ing the flyback topology and
allows flexible external-compo-
nent selection for size, cost, and
regulatory requirements. The

RF transistors use LDMOS technology
for better saturation

TMicroelectronics’ hew
RF power transistors
use a proprietary tech-

nology that increases perform-
ance, ruggedness, and reli-
ability in applications such as
government communications,
private mobile radio for use
by emergency services, and
L-band satellite-uplink equip-
ment. Equipment such as wire-
less base stations and repeat-
ers must achieve high RF
power output at high frequen-
cies and produce low distor-
tion. These conflicting targets
can complicate design and
impose extra costs. LDMOS
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(laterally diffused metal-oxide-
semiconductor) technol-
ogy has proved successful in
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The LET family of RF tran-
sistors uses ST’s latest
STH5P LDMOS technology
to achieve increased power
saturation, which minimizes
distortion at higher power
levels.

| NOVEMBER 3, 2011

enabling designers to meet
these targets, and STMicro
has now further advanced the
technology to enable equip-
ment designers to increase
system performance.

The LET family of RF transis-
tors uses the company’s latest
STH5P LDMOS technology
to achieve increased power-
saturation capability, which
minimizes distortion at higher
power levels. The devices can
operate at frequencies as high
as 2 GHz with major linear-
ity, ruggedness, and reliability
improvements. The family also
has 10 to 15% better efficiency

TPS92070 can detect the pres-
ence of a TRIAC and disable the
external valley-fill- or active-PFC
function for improved dimming
performance.

Tl offers an online navigation
tool that delivers a complete
LED-driver design that design-
ers can tune to their applica-
tions, adjusting for ac-input
voltage, fixture type,
isolation, and dimming
requirements. The tool
also recommends a
configuration, along with
design materials, such
as data sheets, applica-
tion notes, and evaluation
boards.

The LM3448 and the
TPS92070 are avail-
able in 16-pin SOIC
packages and 16-pin
TSSOPs, respectively.
The LM3448 sells
for $1.10 (1000), and the
TPS92070 sells for 75 cents
(1000). The higher price for
the National part is likely due
to the integrated FET.

—by Margery Conner

Texas Instruments,
www.ti.com.

and 3-dB-higher gain than
devices using earlier LDMOS
processes, simplifying amplifier
design and minimizing parts
count. Other features include
an increase in breakdown
voltage to 80V from 65V and
improved thermal perform-
ance, leading to greater reli-
ability and increased load-mis-
match capability.

Six devices in the LET fam-
ily are currently in full produc-
tion, and five more will enter
production during this quar-
ter. Available in the industry-
standard bolt-down or eared
package styles, they cost $31
to $128.70 (1000).

—by Fran Granville

STMicroelectronics,
www.st.com.
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Your question:
Why a configurable
diagram display?

Our answer: For a well-structured, accurate display of
multiple waveforms.

The Rohde & Schwarz SmartGrid function helps users arrange
multiple diagrams on the screen. Individual waveforms can be
displayed in a clear, well-structured manner. The A/D converter
range is optimally used for highest accuracy waveforms.

See for yourself
www.scope-of-the-art.com/ad/fag-dis/edn

ROHDE&SCHWARZ
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USB-powered oscilloscopes feature
real-time 1G-sample/sec rates

D ico Technology recently
introduced the USB-

powered PicoScope
2000 series oscilloscopes,
which have real-time sampling
rates of 1G samples/sec. Tar-
geting engineers and techni-
cians needing a complete
test bench in a single unit, the
devices feature two channels,
bandwidths of 50 to 200 MHz,
a built-in function generator, an
arbitrary-waveform generator,
and an external trigger input.
The scopes are supplied
with a full version of Pico-
Scope oscilloscope software.
In addition to standard oscillo-
scope and spectrum-analyzer
functions, PicoScope includes
additional features, such as
serial decoding, mask-limit
testing, segmented memory,
and advanced triggers. Other
advanced features include

PicoScope 2000 series oscilloscopes have real-time sampling

rates of 1G samples/sec.

intensity- and color-coded per-
sistence displays, math chan-
nels, automatic measurements
with statistics, and decoding of
[2C, UART, RS-232, SPI, and
CAN-bus data. The vendor fre-

quently releases free software
updates.

The PicoScope 2000 series
devices use digital trigger-
ing, which ensures lower jitter,
greater accuracy, and higher

Virtual target eases software development

voltage resolution than the
analog triggers on many other
scopes, according to the ven-
dor. The advanced trigger types
include pulse width, interval,
window, window pulse width,
level dropout, window dropout,
runt pulse, variable hysteresis,
and logic.

A free software-develop-
ment kit allows you to con-
trol the scopes from your own
custom applications. The kit
includes example programs in
C, C++, Excel, and LabView.
The software-development kit
and PicoScope are compati-
ble with Microsoft Windows XP,
Vista, and Windows 7.

Prices range from £349
(approximately $550) for the
50-MHz PicoScope 2206 to
£599 (approximately $942)
for the 200-MHz PicoScope
2208 and include a five-year
warranty.

—by Fran Granville
~Pico Technology,
www.picotech.com.

A virtual target from Altera employs virtual-prototyp-
ing products from Synopsys and targets developing
device-specific embedded software for Altera’s SOC-
FPGA devices. The PC-based SOC-FPGA virtual tar-
get is a binary- and register-compatible, functionally
equivalent simulation of an Altera SOC-FPGA develop-
ment board. Familiar Linux, VxWorks, and ARM devel-
opment tools support the virtual target, maximizing
legacy-code reuse.

The prebuilt virtual target features the same dual-
core ARM Cortex-A9 MPCore processor and system
peripherals as those in Altera’s Cyclone V and Arria
V SOC FPGAs, along with board-level components,
including DDR SDRAM, flash memory, and virtual 1/0s.
To enable application-software development targeting
both the hardened processor system and customer-
designed FPGA-based IP, the company provides an
optional FPGA-in-the-loop extension of the virtual tar-
get. This extension uses an Altera FPGA development
board that connects to the PC-based virtual target
over a PCle interface.

The virtual target and the FPGA-in-the-loop exten-
sion let users add custom peripherals and hardware
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accelerators to the processor subsystem, create
device drivers for them, and integrate them with ap-
plication software before final hardware availability.
Embedded-software developers can boot Linux us-
ing a prebuilt Linux kernel image with device-driver
support for all of the major components of the
SOC-FPGA development board. Free downloads of

a prebuilt GNU tool chain and Linux source also are
available.

A VxWorks BSP (board-support package) will be-
come available this quarter for the virtual target,
with more BSPs to follow for other embedded oper-
ating systems. Other supported development tools
for the virtual target include the ARM Development
Studio 5, the Lauterbach Trace32 debugger, and
the Wind River Systems Workbench. As a simulation
model, the virtual target offers more visibility into the
system during debugging; allows users greater con-
trol of the target execution, especially in multicore
systems; and performs many debugging tasks that
are difficult or impossible to do on hardware.

—by Colin Holland

Altera, www.altera.com.
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Your question:

Why accurately
adjustable trigger
hysteresis?

Our answer: For optimum trigger sensitivity.
The R&S®RTO oscilloscope's digital trigger system
allows the user to adjust the trigger hysteresis in
order to match the trigger sensitivity to the
characteristics of each signal. The result is stable S
and reliable triggering.

—
—
.

See for yourself
www.scope-of-the-art.com/ad/fag-trig/edn
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SIGNAL INTEGRITY

BY HOWARD JOHNSON, PhD

What quality is—and isn’t

t's time to order up a new, custom-built truck. I live on the dry, sunny,
eastern side of Washington state, at the end of a long, winding gravel
road high up in the Cascade Mountains near the Canadian border. The
road is as rugged as they come. It punishes vehicles—to the point at
which their parts fall off onto the roadway.

My old truck held up to such mistreatment for 10 years before falling
prey to a pair of teenage daughters. They added whole new dimensions of
deterioration, including a permanent odor of perfume, cigarette burns, and
dents and gashes on all four sides—all eliciting the same plaintive defense:

“It wasn’t me, Daddy!”

My new truck will need a manual
four-wheel-drive transmission—some-
thing hairy with a bristling array of sticks
and levers at floor level. Those features
should protect it from further teenage
abuse because the girls won’t have a clue
how to drive it.

The new truck will need a reliable
engine. The Cummins 4BT turbo-
charged diesel looks good. With only
four cylinders, this low-rpm, multifuel
workhorse is not going to win any drag
races, but it’s not made for them. It’s
made to just keeping spinning reliably for
a long time. It’s tough. With a proper air
intake, this baby would run underwater.

What’s next on my list of require-
ments! No computers: A purely mechan-
ical device suits me just fine. I know too
much about computers to think that a
vehicle becomes more reliable when you
add electronics. It doesn’t. It becomes a
rolling, dirt-ingesting, overheating pile
of silicon and programming that subjects
your driving experience to the mercy of
wires; more wires; software geeks; and,
worst of all, wire connectors.

Please don’t accuse me of being prej-
udiced against electronics. I'm not. I'm
just experienced. I know quality when I

20 EDN | NOVEMBER 3, 2011

see it, and I don’t see it lurking behind
the fancy flat-screen displays popular in
automotive showrooms. Neither more
features nor better gas mileage yields
quality.

Quality is the feeling you get when
you slam the door on a Rolls-Royce. It’s
the sound of a Mossberg pump-action
shotgun. It’s the solid, reliable look of a
Bell System 2500 telephone, a product
built to last for 40 years, the kind of
heavy, substantial hunk of electronics
that you could use, if necessary, to ward
off an attacker. Let’s see you do that with
a cell phone.

Quality is not the result of compre-
hensive computer simulations. Quality
is the result of knowing and anticipat-
ing, through experience, how an end
user will actually use a product.

My old friend Ben Yamada, an
industrial designer, told me that his
first professional design task was an
electric knife. He dutifully produced a
bland, run-of-the-mill product with a
buzzing, vibrating blade that, at least in
the TV commercials, effortlessly sliced
through turkey and ham. Later that year,
he encountered the Hamilton Beach
hole-in-the-handle electric knife. It was

/

| don’t see quality
lurking behind the
flat-screen displays
in car showrooms.

rounded, smooth, and beautifully col-
ored, and it came with a stainless-steel
blade. The hole-in-the-handle design
offset the motor below the handgrip,
improving the balance and allowing the
cook to easily grip the slim handle. It
was a masterpiece of quality design. It
won awards. It sold like hotcakes. Ben
was floored. He knew that somewhere,
deep within Hamilton, lived an engineer
who had chosen not to merely grind
out another perfunctory design but had
approached every aspect of the product
with unrelenting dedication to style and
quality—and it paid off. Ben cherished
that inspiration for the rest of his career.

When I look under the hood of my
next truck, I want to see some qual-
ity. What will you see when you look
under the hood of the product you are
designing?EDn

Howard Johnson, PhD, of Signal Consult-
ing, frequently conducts technical work-
shops for digital engineers at Oxford Uni-
versity and other sites worldwide. Visit his
Web site at www.sigcon.com, or e-mail him
at howie03@sigcon.com.
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STRATEGIES AND
TECHNOLOGIES ARE
AVAILABLE TO HELP
ENGINEERS DEVELOP
AND IMPLEMENT
SECURITY MEASURES
TO PREVENT COUN-
TERFEIT PRODUCTS
FROM ENTERING THE
SUPPLY CHAIN.

[www.edn.com]

ADVANCED
SECURITY
PREVENTS

COUNTERFEIT

PRODUCTS

BY DAVID RICHETTO - INSIDE SECURE

roduct counterfeiting has been an issue in many
industries, from consumer products to ICs. In many
instances, the counterfeit products affect only the
bottom line and a company’s reputation. High-end
luxury consumer goods, such as handbags, wrist-
watches, and other products, are among the most
susceptible to counterfeiting, and the brand holders
spend large amounts of money to trace and eliminate
the counterfeit products and the people responsible
to ensure that fake products don’t sully their brands. The IACC
(International Anticounterfeiting Coalition) estimates that brand
holders lose approximately $600 billion of revenue annually due to
counterfeiting. According to Michael Danel, the secretary general of
the World Customs Organization, if terrorism did not exist, counterfeit-
ing would be the most important criminal act of the early 21st century.
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The effect of counterfeiting is always
greater than the value of the counterfeit
product itself. By damaging consumers’
perception of the performance, reliabil-
ity, and safety of branded devices, coun-
terfeiting tarnishes brand image, cus-
tomer loyalty, and satisfaction. It also has
broader negative effects, such as reducing
the value of intellectual capital, eroding
profitability, and stifling innovation. It
hurts not only the companies making the
components but also the financial health
and ability to invest in future innova-
tion of all companies across multiple
industries—from intellectual-property-
right holders of the embedded software,
firmware, and codecs in these devices to
proprietary SOC architectures.

Furthermore, counterfeits of electron-
ic components and system-level products
as well as mechanical products and pre-
scription medications can also affect per-
sonal safety and security. Counterfeiters
often sell an inferior product as the genu-
ine article, and the fake products typical-
ly fail to meet the full range of genuine
product specifications and performance
standards. Unfortunately, counterfeit
electronic products, including ICs and
battery packs, have also found their way
into military, health, and transportation
systems, and those systems could fail in
the field, jeopardizing military and civil-
ian lives.

SECURITY OPTIONS

Engineers can use multiple approaches
to preventing counterfeit products from
functioning in a system and thus pre-
vent potential damage. At the simplest
level, a product such as a battery or an
ink cartridge can include an electronic
signature that the host system must rec-
ognize for the product to work. To add
an extra layer of security, the product
can include an encrypted identifier to
ensure that the counterfeiters cannot
duplicate the signature.

Containers holding prescription
medications or stand-alone mechani-
cal products also could be “tagged”
by attaching a secure electronic 1D
tag. These tags can prevent counter-
feit products from entering the supply
chain. Manufacturers in the luxury-
goods market can embed contactless
tags that contain a security handshake
in an ID tag that either attaches to or is
permanently embedded in the product.
The tag must also be small and be avail-
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AT A GLANCE

At the simplest level, a product
such as a battery or an ink cartridge
can include an electronic signature
that the host system must recognize
for the product to work.

Properly implemented authenti-
cation using asymmetric cryptogra-
phy—the core technology behind
digital signatures and certificates—
offers the robust protection that can
thwart counterfeiters.

Whether designers use an off-
the-shelf product or design their
own, the chip they use should
include a secure RISC CPU; a hard-
ware random-number generator; a
hardware cryptographic-acceleration
engine; a secured block of nonvola-
tile memory for secure storage of
keys, certificates, user data, and
other information; and communica-
tion interfaces, such as I°C or
1-Wire.

Only an authentic product with
knowledge of the private key can
produce a correct digital signature.

able in various form factors to accom-
modate the shape of various products—
wine bottles, handbags, or jewelry, for
example.

Various approaches can be used
to minimize the influx of counter-
feit products into the supply chain.
Technologies such as holograms and
simple RFID transmitters are no lon-
ger adequate because counterfeiters
keep up to date on the latest copying
and code-breaking techniques. Using
sophisticated manufacturing equip-
ment and technologies, well-organized
groups have now shifted their targets to
include more low-margin, high-volume
products, such as consumer electronics
and consumables.

One of the main trade-offs of these
authentication systems is the cost of pro-
tection versus the value of the protect-
ed product. This trade-off is especially
critical when it comes to relatively low-
cost products, such as toner cartridges,
batteries, and other consumables. This
cost factor has played a major role in
preventing consumer-electronics manu-
facturers from successfully employing
what is perhaps the best technology for
protecting their products: asymmetric
authentication.

Thus, more advanced security
technologies are necessary to prevent
the illegal copying of products. These
more-robust approaches employ strong
cryptographic techniques and strong
authentication to protect some high-
value products. Until now, however,
these approaches have been too costly
and complex to implement in lower-
cost, high-volume products, such as ink
and toner cartridges for printers and
batteries for mobile devices. Such tech-
nologies add cost and complexity to the
products they protect, and designers
must walk the fine line between the
product’s cost and the overhead to pro-
tect the product.

For instance, a host can include an
embedded, secure microcontroller to
communicate with a secure chip in the
ink/toner cartridge or the battery pack.
The controller incorporates firmware
to allow strong authentication between
the printer and the cartridge or the sys-
tem and the battery pack and can lock
out cloned counterfeit products. Such
a scheme, though, requires a commu-
nication channel between the printer
and the cartridge or the host and the
battery, and that requirement means
the use of at least one or two more pins
on both ends, which also drives up the
system cost.

Going wireless can help eliminate
the pins but can be a slightly higher-cost
approach. For example, NFC technolo-
gy, using the NFC-enabled product and
standardized secure contactless tags and
readers, can play a role in this market.
Manufacturers can use such approaches
to protect themselves and consumers by
strengthening the anticounterfeiting
arsenal.

GO ASYMMETRIC

Properly implemented authentication
using asymmetric cryptography—the
core technology behind digital signa-
tures and certificates—offers the robust
protection that can thwart counter-
feiters. Asymmetric cryptography has
proved to be so useful that it has become
a common part of everyday life. Every
Internet e-commerce Web site using a
secure server employs asymmetric cryp-
tography to secure transactions.
Asymmetric algorithms employ a
public key and its corresponding, intrin-
sically linked private key. A counterfeiter
cannot derive one key based on knowl-
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edge of the other key. Thus, only a toner cartridge that “knows”
the private key can respond correctly to a printer’s challenge,
and the printer can determine this knowledge using only the
corresponding public key. If a counterfeiter cannot obtain
the private key, then a printer can “assume” that any toner
cartridge responding correctly is authentic.

Although asymmetric cryptography offers superior security,
it is by nature also demanding, complex, and costly to imple-
ment. The strength of technology provided by asymmetric
cryptography is directly proportional to the key length used.
As the key gets longer, however, so does the computational and
software complexity. Increased complexity, in turn, demands
more computational power, which demands larger, more com-
plex and costly chips.

However, as the microprocessors available to counterfeit-
ers wanting to hack these systems continue to become faster
and cheaper, a key length that seemed adequate a few years
ago may no longer offer adequate security, and the currently
recommended RSA (Rivest/Shamir/Adleman) key size is
2048 bits. For this reason, effective asymmetric implemen-
tations have been too costly for all but the most high-end
applications.

Enter the ECC (elliptic-curve cryptosystem), an emerg-
ing alternative to public-key cryptosystems, such as RSA,
DSA (Digital Signature Algorithm), and Diffie-Hellman, for
performing asymmetric authentication. ECC provides higher
strength per bit than any other current cryptosystem, and the
longer the key, the greater the difference. A 244-bit ECC key
has the equivalent strength of a 2048-bit RSA key for secu-
rity; a 384-bit ECC key matches a 7680-bit RSA key. Greater
strength for any given key length enables the use of shorter
keys, resulting in significantly lower computational loads and
memory requirements, faster computations, smaller chips, and
lower power consumption—all beneficial for implementations
of asymmetric authentication in low-cost systems.

Nevertheless, implementing such a system requires spe-
cialized knowledge and a significant investment in hardware
and software development. Again, the trade-off between the
cost of implementing such technology and the value of what
this technology is protecting has prevented most manufactur-
ers from employing it.

BUY OR ROLL YOUR OWN?

Developing a custom chip or programming a microcontroller
to execute the ECC can be a lengthy process. However, ven-
dors including Infineon, Inside Secure, NXP, Renesas, and
STMicroelectronics can deliver off-the-shelf security prod-
ucts. Most of these off-the-shelf products are based on tech-
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nologies developed for the banking and smart-card industries.

Whether designers use an off-the-shelf product or design
their own, the chip they use should include a secure RISC
CPU; a hardware random-number generator; a hardware
cryptographic-acceleration engine; a secured block of non-
volatile memory for secure storage of keys, certificates, user
data, and other information; and communication interfaces,
such as I’C or 1-Wire (Figure 1).

These products should also include many dedicated anti-
tampering schemes to protect against simple- and differential-
power-analysis attacks and against physical attacks, including
active shield, which actively protects your computer from
trojans, spyware, adware, trackware, dialers, key loggers, and
even some special kinds of viruses. It should also include envi-
ronmental-protection systems, such as voltage, frequency, and
temperature monitors; light protection; and secure management
and access protection to prevent reverse-engineering or cloning.
A collection of advanced-security firmware routines should
ease the implementation of fully user-defined, nonvola-
tile storage of sensitive or secret data; set up identity-based
authentication with user, administrator, and manufacturer
roles; and perform authentication, digital-signature, and other
advanced cryptographic operations using keys and data from
the file system.

HOW DOES IT WORK?

The manufacturer of a toner cartridge or a battery embeds a
chip such as an ASIC with similar features in each of its prod-

Draw From Our Tool Box
0f Customized Solutions

High reliability interconnect designs built
for your application from prototype to

production. Let us customize
your solution today.

m AD"ANGE" www.advanced.com

N_A. INTERCONNECTIONS. 401-823-5200

NOVEMBER 3,2011 | EDN 23
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ECDSA: ELLIPTIC-CURVE DIGITAL SIGNATURE ALGORITHM

A security IC contains a dedicated cryptographic engine, a random-number
generator, a RISC CPU, and simple serial I/0. Firmware layers above the hardware
manage the memory, communications, and cryptographic library (courtesy Inside
Secure).

DEVICE HAS ITS
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THROUGH SECURE-SOCKETS LAYER TO CHECK AND RETRIEVE THE DEVICE’S
PUBLIC KEY.

The IC uses its securely stored private key to compute the elliptic-curve digi-

tal signature of the challenge message and sends this digital signature back to the
host. Using the corresponding public key, the host verifies the signature.
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ucts. Each chip contains a private key
and a certificate that has the approval
of the printer, laptop, or mobile-phone
manufacturer, as well as identifying
information about the product, such as
the model number. When a user inserts
the consumable product into the host
product, the host software first requests
arandom number from the IC’s onboard
random-number generator, along with a
public key.

The host then combines that num-
ber with the public key to create a chal-
lenge message, which the host sends
back to the accessory product. The IC
uses its securely stored private key to
compute the elliptic-curve digital signa-
ture of the challenge message and sends
this digital signature back to the host.
Using the corresponding public key,
the host verifies the signature (Figure
2). Only an authentic product with
knowledge of the private key can pro-
duce a correct digital signature. Using
the result of the verification, the host
decides whether to authenticate the
accessory. The host can also determine
whether this model number is correct
for use with the host and could also use
the product to track, for example, how
many pages the printer has printed and
use that information to send a replace-
ment notification when the ink car-
tridge is nearly empty.

Manufacturers can implement a
version of the security chip with an
NFC interface, and this version can
operate on induced power for a read-
er. Vendors would use this approach
for products, such as wine bottles or
designer handbags, for example, that
have no built-in power source. Vendors
can use dedicated readers at the point
of purchase or even built-in NFC
interfaces in the latest cell phones to
activate the embedded NFC chip to
authenticate the product. A typical
NFC interface can transfer data at rates
as high as 106 kbps, and such a chip
might have a memory-storage capacity
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HAM RADIO TODAY DIFFERS GREATLY

FROM THAT OF PAST YEARS, BUT IT STILL
OFFERS A FASCINATING WAY TO EXPLORE
ELECTRONICS. HERE'S A LOOK AT HOW IT HAS
CHANGED AND WHAT IT HAS TO OFFER BOTH
OLD HANDS AND NEWCOMERS ALIKE.

BY DOUG GRANT - K1DG

any of today’s experienced engineers got
their start in electronics through amateur,
or “ham,” radio. (Many theories exist over
the origin of the term “ham radio,” but
there is no consensus.) Over the years,
however, the demands of these engineers’
work, families, and communities took pre-
cedence, and many hams lost interest and
let their licenses lapse. Meanwhile, with
the rise of personal communications and Internet connectivity in
homes, many young engineers never needed ham radio as a way
to explore electronics. They’ve missed the opportunity that this
fascinating hobby presents.

The first wireless communicators were by definition all ama-
teurs. Guglielmo Marconi himself, generally regarded as the inven-
tor of radio, once famously remarked that he considered himself
an amateur. In the early days of radio, commercial, government,
and amateur stations shared the same spectrum, sending broad-
band spark-generated transmissions modulated by on/off
keying using Morse code to convey messages. This practice resulted
in a horrendous amount of interference among services until the gov-
ernment stepped in and assigned various services to specific bands.
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Government and commercial stations
were assigned the supposedly more
useful, less-than-1500-kHz, long- and
medium-wave spectrum, and the ama-
teurs were banished to the less-than-
200m wavelengths with frequencies
higher than 1500 kHz. The experts of
the day regarded these bands as worth-
less for long-distance communications.

The amateurs soon discovered that
long-distance communications were
actually easier at these frequencies. New
allocations were then created to give
government and commercial stations
some of the “good” spectrum. However,
a handful of slices of the spectrum were
reserved for the amateurs. In the late
1960s, amateurs laid claim to all of the
apparently useless frequencies higher
than 30 GHz. Since then, as technology
has marched on, other services have
discovered that these frequencies are
useful; amateurs currently enjoy exclu-
sive rights to the frequencies greater
than 300 GHz.

In the United States, Part 97 of Title
47 of the Code of Federal Regulations
controls the amateur-radio service
(Reference 1). It expresses the funda-
mental purpose of the amateur-radio
service in the following principles: rec-
ognition and enhancement of the value
of the amateur service to the public as a
voluntary, noncommercial communica-
tion service, particularly with respect
to providing emergency communica-
tions; continuation and extension of
the amateur’s proven ability to contrib-
ute to the advancement of the radio
art; encouragement and improvement
of the amateur service through rules
that provide for advancing skills in both
the communications and the technical
phases of the art; expansion of the reser-
voir within the amateur-radio service of
trained operators, technicians, and elec-
tronics experts; and continuation and
extension of the amateur’s unique abil-
ity to enhance international goodwill.

LICENSING

Part 97 requires that amateur stations
obtain licenses before they can trans-
mit. The process for getting a ham-radio
license has evolved over the years. Long
ago, an applicant had to pass a rigorous
technical exam that included drawing
schematics from memory. The exams

have changed considerably. All of the

questions are now multiple-choice and
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AT A GLANCE

Bl The US amateur-licensing pro-
cess no longer requires knowledge
of Morse code—historically, a major
impediment for many individuals.

Bl The signal-processing capabili-
ties of a sound-card-equipped PC
that connects to an HF single-side-
band or a VHF FM transceiver have
driven the emergence of new
modes.

Bl Most high-performance HF

and VHF transceivers now use
digital-signal-processing technology
for at least some of the modulation,
demodulation, and filtering
functions.

Bl Ham operators have always been
enthusiastic tinkerers, often building
their equipment from discarded
pieces of consumer electronics they
find in their neighborhoods.

Ham radio brings new aspects
to other hobbies, such as mountain-
top hiking and orienteering.

cover technical, operating, and regu-
latory topics, and all of the questions
and answers—both right and wrong—
are available in the public domain.
Furthermore, the governments of
many countries—notably, the United
States—have effectively outsourced the
job of testing.

In the United States, volunteer
examiners now administer the exami-
nations. Volunteer-examiner coordi-
nators arrange for testing sessions at
convenient places and times (Figure

LLLLLLY

1). Upon successful completion of an
exam by an applicant, the coordinators
forward the required data to the Federal
Communications Commission, which
then issues licenses, with call signs—to
identify each licensee and his or her
location of license using a prefix and a
suffix. In the United States, three classes
of license now exist, each conveying a
set of privileges, including permitted
bands, modes, and power levels. Passing
a more advanced exam entitles the
licensee to more privileges.

The US amateur-licensing process no
longer requires knowledge of Morse code
for any class of license. This requirement
has historically been a major impediment
for many technically skilled individuals
who were interested in ham radio but
who could not or would not conquer
Morse code. Ironically, the portions of
the bands reserved for CW (continuous-
wave) operation are busier than ever,
as new licensees discover that narrow-
band modes are more effective for weak-
signal work than are wider-bandwidth
modes, such as SSB (single-sideband)
voice.

Many amateurs make contacts using
voice modes, primarily SSB mode on
HF and FM on VHF and UHE The sig-
nal-processing capabilities of a sound-
card-equipped PC that connects to an
HF SSB or a VHF FM transceiver have
driven the emergence of new modes.
Even a modestly equipped PC has suf-
ficient speed to generate and decode
the FSK signals for conventional radio
teletype. Experimenters have created
modulation schemes and accompany-
ing protocols, complete with forward-

Figure 1 A group of prospective amateurs meets at a license-examination testing

session.
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Figure 2 Yaesu’s FTDX-5000 HF transceiver offers the highest
receiver performance currently available.

error correction, which enable direct
keyboard-to-keyboard contacts even
with low power and small antennas.
The variety of FSK and PSK signals
being used create unusual buzzing and
chirping sounds when traveling to a
speaker, and computers easily demodu-
late them and turn them into legible
text. Some ingenious hams even use
the PC’s signal-processing capabilities
to emulate the signals that World War
[I-vintage mechanical text-to-radio sys-
tems, such as Hellschreiber, generated.

Some hams also engage in transmis-
sion of full-motion video signals—usu-
ally on VHF or UHF bands, on which
sufficient bandwidth is available.
Others transmit still pictures on HE
using voice-bandwidth signals and a
PC. Data networks have also evolved
using various systems, including

TCP/IP.
21ST CENTURY EQUIPMENT

Licensed amateurs can transmit in
bands in the LE, ME HE VHE, UHE and
microwave bands. With a good anten-
na, amateurs’ equipment can achieve
worldwide communications on many
of these bands.

Most amateurs buy
their equipment from
stores. Years ago, the best-
known brands were mostly
US companies, such as
EF Johnson and Heathkit
and the now-defunct
Collins, Hallicrafters,
and Hammarlund. Today,
the most popular brands
are mostly Japanese com-
panies, including Icom,
Kenwood, Yaesu, and
Alinco (Figure 2). A few
US manufacturers, such

as Elecraft and FlexRadio,
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Figure 3 The Elecraft K3 HF transceiver delivers high perform-

ance in a small package.

have entered the market in the past
decade (Figure 3), and the first
Chinese-made transceivers are begin-
ning to appear, from manufacturers such
as Wouxun.

The technology used in ham equip-
ment has evolved significantly. Most
high-performance HF/VHF transceiv-
ers now use digital-signal-processing
technology for at least some of the
modulation, demodulation, and fil-
tering functions. A careful partition-
ing of both analog- and digital-signal
processing achieves the best perform-
ance, and today’s radios offer excellent
sensitivity and 100-dB dynamic range,
with digital-signal-processing-enabled
selectivity. Although most radios still
maintain the traditional format of a
front panel with a large knob to con-
trol the frequency and lots of other
buttons and knobs, some newer SDRs
(software-defined radios), such as those
from FlexRadio, abandon this tradition
in favor of keyboard and mouse opera-
tion; they have no front-panel controls
(Figure 4).

Handheld VHF FM transceivers have

evolved to include multiband opera-

Figure 4 FlexRadio Systems’ Flex-5000A software-defined radio has
no front-panel controls at all.

tion, embedded GPS, spectrum-analyzer
displays to show signals on adjacent fre-
quencies, and even Bluetooth. None
have yet reached the level of sophistica-
tion of smartphones, but touchscreen-
driven radios and Internet connectivity
cannot be far off. Speaking of smart-
phones, hundreds of ham-radio apps are
available for these devices, ranging from
license-prep courses to satellite tracking
to remote-station control.

However, not all hams buy their
equipment off the shelf. Some prefer to
build their own equipment. Ham opera-
tors have always been enthusiastic tin-
kerers, often building their equipment
from discarded pieces of consumer elec-
tronics they find in their neighborhoods.
Many hams understand concepts such as
intermodulation distortion and phase
noise, for example, because they have
heard the effects of these signal imper-
fections, and they understand what hap-
pens when a nominally linear power
amplifier enters hard compression.

Home-brewed radios can range
from extremely simple transmitters
and receivers to true state-of-the-art
SDR systems. At the low end, one cre-
ative ham disassembled a
compact fluorescent light
bulb and discovered a
high-speed, high-voltage
switching transistor and
assorted capacitors and
inductors. By adding a
3.579-MHz TV color-
burst quartz crystal, which
sits conveniently in the
middle of the 80m ama-
teur band, he was able to
construct a 1.5W CW
transmitter from the parts
(Reference 2).

Simple receivers are
also easy to construct.
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Ham operator Charles

Kitchin has developed a series
of superregenerative receiv-

ers that are easy to build and
that work surprisingly well
(Reference 3).

The work of the High- ~
Performance Software-
Defined Radio Organization
is at the cutting edge of
radio design. This group has
collaboratively developed
a series of modules that use
the latest high-performance

ATLAS

components, including
the RF amplifiers, mixers,

ADCs, DACs, processors,
and memory. For example,
the Mercury receiver module

< .| COMMUNICATION the lower atmosphere about
OZY, MAGISTER, METIS |~ ysB OR ETHERNET 10 to 20m above the ocean’s
surface in which radio signals

RECEIVER FILTERS - '
MERCURY ALEX RX are guided, or ducted, and in
which they experience less
TRANSMITTER POWER AMPLIFIER attenuation than they oth-
> PPEE\INNE\'(‘EA';\FE -~ PEN’;\'AYL‘J’KI';"LSTLE erwise would. The amateurs
THOR used this duct to establish
i two-way SSB voice contacts
between Cape Verde and
/F\'I'_'E)'(E%s( Portugal at frequencies of
5.7 and 10 GHz—a distance
of 2700 km, or nearly 1700
CRYE;@';SSU;ROL GPS/OVEN CRYSTAL miles. Transmitter power was
15 to 25W, and the antennas
were small—approximately

ﬁgk"{jg SSODIEI';g%oK Im-diameter dishes.

A few years ago, Nobel

POWER SUPPLY |

Prize-winning astrophysicist

enables direct sampling of <
the 0- to 65-MHz spectrum,
using a 130M-sample/sec,
16-bit ADC and an FPGA to
undertake digital downcon-
version. Open-source software
performs all of the signal-pro-
cessing and control functions,
and the hardware also supports third-
party software (Figure 5).

An engineer interested in develop-
ing his own SDR radio can build or
buy an RF front-end/quadrature down-
converter and connect it to the audio
input of a PC and buy or write appro-
priate software for the demodulation
and detection functions. Connecting
the baseband in-phase and quadrature
outputs of the radio to the left and the
right inputs of the PC completes all of
the hardware work. Some hams have
constructed SDR front ends in the form
factors of USB memory sticks and draw
their power from those sockets.

For those more inclined toward clas-
sic analog-radio design, OpenQRP is
an interesting project. “QRP” is a ham
abbreviation for low-power transmitter
(Figure 6). The creator of the group,
Steve Elliott, call sign K1EL, has devel-
oped an open-source hardware and soft-
ware design for a simple low-power CW
transceiver. He uses an Atmel micro-
processor in the popular Arduino proto-
typing platform for the human interface
and various control functions and pro-
vides a PCB and complete kit of parts.
Elliott documented his trial-and-error
design as it evolved, and his blog serves
as an excellent tutorial on radio design

(Reference 4).
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Figure 5 The OpenHPSDR provides a modular design for its
open-source, collaborative software-defined radio.

THE STATE OF THE ART

Some segments of the ham-radio hobby
allow you to impress your engineering
friends, and maybe even your non-
engineering friends. When you tell
people you are into ham radio, they
often ask, “How far can you reach with
that?” The answer is complicated, and
you may be able to give them some
impressive answers. For nontechnical
types, one answer I like to give is that,
from my home in New England, my
longest-distance contact for many years
was Texas—the long way around. One
morning about 20 years ago, I was oper-
ating on the 15m, 21-MHz band and
had aimed my directional-beam anten-
na at Europe. A friend in Texas called
in and said that he could hear me only
when he pointed his antenna toward
the Pacific. We tried various things and
concluded that we were indeed talking
to each other the long way around. HF
propagation exhibits interesting behav-
iors at different times of day and season,
and long-path contacts are relatively
common.

Hams also experiment with other
interesting and unusual terrestrial-
propagation modes in the microwave
region. In 2010, a group of French and
Swiss amateurs took advantage of the
evaporative duct—a horizontal layer in

13.8V-DC INPUT

Joe Taylor, call sign K1JT,
developed the WSJT (weak-
signal Joe Taylor) suite of
protocols and modulation
schemes for various types of
VHF/UHF communications.
Under normal circumstances,
VHF and UHF signals can
have path lengths of only a few tens or
hundreds of miles long, depending on
terrain, antenna gain, and power. WSJT
changes that scenario.

One version of the protocol targets
use in the RF-reflecting paths of ionized
meteor trails, which last only a fraction
of a second. It transmits a 30-sec-long
sequence of four-tone FSK at a speed
roughly equivalent to 100 words per
minute, or 441 baud, in an effort to get
enough bits over the short-lived path
to enable an exchange of call signs
and signal reports. Stations take turns

Figure 6 This low-cost, low-power con-
tinuous-wave transceiver uses a classic
analog radio with a flexible programma-
ble-control interface.
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transmitting and receiving, exchanging
certain details to verify that each end
of the path has successfully detected
and decoded signals. Although the US
military has for many years used mete-
or scatter, the mode generally requires
huge antennas and high power to suc-
ceed. Taylor’s system brings meteor-
scatter communications to owners of
relatively small stations.

Another WSJT mode is for earth-
to-moon-to-earth, or “moon-bounce,”
communications, which uses the moon
as a passive, and not very efficient,
reflector. Signals at 144 MHz bounc-
ing off the moon return to Earth about
2.5 sec later and approximately 250 dB
weaker than when they left (Figure 7).
That figure is not an error; the path loss
is 250 dB.

Hams have for decades been bounc-
ing signals off the moon, but only those
with full-power transmitters, very sensi-
tive receivers, and huge antennas could
accomplish it using the traditional CW
or SSB voice modes. Assuming a trans-
mitter power of 1000W, or 60 dBm,
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Figure 7 A two-way contact through
moon bounce uses free WSJT software.
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and antenna gain of 20 dBi at both
the transmitter and the receiver, the
received signal is =150 dBm. A high-
performance receiver can detect this
weak signal in a narrow bandwidth.
Amateurs have occasionally used the
well-known 1000-foot radio-astrono-
my-dish antenna at Arecibo, Puerto
Rico, for moon-bounce experiments.
In the amateur band at 432 MHz, the
dish has approximately 60 dB of gain
and enables two-way contacts with
simple stations on both SSB and CW
modes.

Taylor’s WSJ T moon-bounce system
uses a nearly one-minute-long sequence
of 65-tone FSK modulation, with a
considerable amount of built-in coding
and error correction. Fortunately, the
coding and decoding are well within
the processing capabilities of a mod-
ern PC, which can decode signals 24
to 28 dB below the noise in a 2.4-kHz
bandwidth. Stations with simple 100W
transmitters and antennas no bigger
than TV antennas now routinely make
contact with stations many thousands
of miles away, as long as both are able
to “see” the moon.

Radio amateurs have also used other
satellites besides the moon for commu-
nication. Over the years, amateurs have
designed, constructed, and launched
more than 100 satellites, which usually
carry one or more beacons; telemetry
channels for various housekeeping func-
tions and student-experiment payloads;
and one or more transponders, which
use one amateur band for the uplink
and another for the downlink. ARISSat
(Amateur Radio on the International
Space Station Satellite)-1 was launched
during a spacewalk by two cosmonauts.
Many astronauts and cosmonauts have
held amateur-radio licenses. The ARRL
(American Radio Relay League) ARISS
program frequently arranges demonstra-
tion contacts between astronauts aboard
the ISS and school groups. The ARRL
has been the national association for
hams for almost 100 years. It publishes
a range of books on virtually every facet
of the hobby, along with study guides
and manuals.

Ham radio can add a new dimen-
sion to a hobby you may already pursue.
Some hams combine orienteering with
radio-direction finding in “fox hunts.”
The organizers hide a series of small
radio transmitters in a designated area

covering a few square miles, and the
competitors must use a portable radio
and directional antenna to locate each
of the “foxes.” The combination of tech-
nical skill and running ability makes
for a competitive sport. Another activ-
ity combines mountain hiking with the
ham-radio hobby. Hikers carry light-
weight, battery-powered radios and por-
table antennas to take advantage of the
excellent signal propagation possible
from high elevations. Both operators
who get on the air from many summits
and those who contact them can win
awards in this sport. In addition, many
sailors get their ham licenses and install
amateur equipment on their boats for
recreation and as emergency backups
if all other onboard radio systems fail.
For those who are active in their
communities, amateur-radio groups
often coordinate with local and region-
al public-safety agencies to provide
emergency communications when all
else fails. Although most wired- and
wireless-communications systems rely
on infrastructure that may not survive
natural or manmade disasters, a ham
operator needs only a radio, a battery,
and a piece of wire to get on the air.
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BY JASON TOLLEFSON AND MIKHAIL VORONIOUK - MICROCHIP TECHNOLOGY

AND ADAM JAKUBIAK - ENERGIZER BATTERY CO

Designing smarter for
single-battery applications

he vast market for battery-powered systems

lends itself to a multitude of products in the

consumer, medical, personal-care, and enter-

tainment markets. Successful battery-powered

products in these markets require intelligent

control, maximized battery life, and minimal
size and weight to support device portability. Rechargeable
batteries can work well in devices that undergo frequent usage
and operate at higher drain rates. For many applications,
however, primary—that is, disposable, nonrechargeable—
batteries can be the best fit because they support simpler and
lower-cost implementation options that enable truly portable
devices. Each iteration of battery-powered products, includ-
ing blood-glucose meters, computer accessories, cameras, and
wireless headphones, continues to become smaller.

A number of popular batteries are available to develop-
ers designing disposable batteries into their projects. Each
battery option targets different devices and use cases (Table
1). Lithium-coin batteries—typically comprising lithium
and manganese dioxide—feature packages in 13 sizes that fit
within small, lightweight devices, such as timers and watches,
which use relatively low amounts of energy and need a shelf
life on the order of seven to 10 years.

Disposable alkaline and lithium-iron-sulfide batteries are
available in cylindrical form factors. Alkaline batteries suit
use in a variety of portable devices that exhibit a low to mod-
erate drain rate. These batteries are more readily available and
less expensive than other disposable batteries, and they are
available in compact AA, AAA, and AAAA form factors.
Lithium batteries are available in AA and AAA form factors
and suit use in applications that exhibit medium to high drain
rates or that must operate in cold temperatures. They provide
highly reliable operation, are 33% lighter than alkaline bat-
teries, and have shelf lives as long as 15 years—two to three
times longer than that of alkaline batteries.

Although portable, battery-powered products continue to
shrink, the size and shape of the battery cavity, which may

house two or more batteries, is placing limits on the size of the
batteries themselves. Therefore, to reach even smaller form
factors, the ability to operate a microcontroller on one 1.5V
battery is becoming increasingly valuable. Using a battery-
boost converter in a design makes it possible to operate the
system with one battery, whereas earlier designs relied on
two or more batteries. A battery-boost converter, such as the
Microchip MCP1640 power supply, boosts an input voltage
up to a higher, regulated voltage, such as 2 to 5V.

By incorporating a battery-boost converter, a device can
start up with an input voltage that is significantly lower than
the operating voltage. For example, many microcontrollers
cannot operate with a voltage that is lower than 2V, and

Vour e s
1V/DIV
Vin |
500 mV/DIV
[ 'y T
CHARGE
" Cr ] SWITCHING
5 k. + 1 - i
“ON LOOP - PULSE-FREQUENCY -
| £\ = MODULATION MODE
IN L
220 mA/DIV | +
] 1 -'-i- i

500 uSEC/DIV

In a typical start-up waveform, the low-voltage start-
up begins to charge the output voltage up to the input voltage.
Once the output voltage is charged, the N-channel begins to
switch, pumping up the output voltage, after which the internal
bias switches from the input to the output.

1ABLE T COMPARISON OF BATTERY TYPES

Battery Key attributes

Cylindrical alkaline

Cylindrical lithium

Lithium coin

[www.edn.com]

Inexpensive; widely available; moderate drain rate; available in AA, AAA, and AAAA sizes

High performance, 15-year shelf life, high drain rate, extreme-temperature tolerant, high reliability, light-
weight, available in AA and AAA sizes

Small, lightweight, low drain rate, seven- to 10-year shelf life, available in 13 sizes
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the battery-boost converter can provide the voltage that
the microcontroller requires, with a start-up voltage as low
as 0.65V (Figure 1). This feature enables an application
using a boosted alkaline battery to start up at any point in
its discharge curve, provided that it has enough remaining
capacity to operate the device. Although a battery-boost
converter may be able to deliver a consistent output voltage
from input voltages as low as 0.35V, battery manufacturers
do not recommend discharging alkaline or lithium batteries
at voltages lower than 0.8V because doing so can damage
the battery.

Using a single-battery implementation offers advantages
that depend on which alternative-battery configuration you
are comparing it with. The most straightforward approach is
to compare one alkaline battery with two alkaline batteries.
The most obvious differences are the volume and weight
savings achieved by eliminating one battery. Using a battery-
boost converter also maximizes the system power efficiency by
providing regulated power over the battery’s entire operating
range. This regulated voltage can make the microcontroller
more efficient by enabling it to run at a lower and flatter
voltage. For example, reducing the microcontroller’s oper-
ating voltage from 3.3V to 2.2V provides 1.8-times-lower
power consumption on the microcontroller side. The boost
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A single AAAA battery with boost delivers higher
continuous-current draw than a lithium-coin battery when the
current draw is higher than a few microamps.

converter also provides short-circuit protection through cur-
rent limiting.

The OEM cost for implementing the boost converter with
one battery is slightly higher than the cost of two alkaline
batteries, but the cost to the consumer for this approach is
similar to that of using two batteries if the boost converter
is operating at high efficiency. A single-alkaline-battery
approach enables developers to make their product smaller
without switching between battery chemistries from a legacy
multibattery alkaline design. Working with one battery also
simplifies the mechanical considerations of the battery hous-
ing and reduces the risk that the user will install the batteries
incorrectly.

Designers comparing the pros and cons of implement-
ing one alkaline battery versus a rechargeable lithium-ion-
polymer battery will find similar but different reasons for
selecting the single-battery approach. Because the boost
converter provides a regulated power output, it allows you to
tune the voltage to maximize system efficiency. Similar to the
alkaline example, the boost converter provides short-circuit
protection through current limiting. The 352-mm? AAAA
alkaline battery is smaller than a 650-mm?, or 31x21x3.5-mm,
lithium-ion-polymer battery, even though the two battery
types have the same volume, 2.3 cc, assuming a two-sided
board design.

Using an alkaline implementation versus the lithium-ion-
polymer device simplifies logistics because it avoids the need
for charging circuitry and conforming to the regulations for
shipping products containing lithium. For those applications
in which using a replaceable battery is more convenient,
implementing a boost converter with a single AAAA alkaline
battery can cost 50 to 70% less for the battery portion of the
system than that of a single lithium-ion-polymer battery plus
a charge controller and a charger.

Comparing a single-alkaline-battery implementation with
a lithium-coin battery demonstrates yet another advantage of
the one-battery approach. This example compares an AAAA
alkaline battery with a 600-mAhr capacity and a CR2032
lithium-coin battery with a 225-mAhr capacity. As in the
lithium-ion-polymer example, using a single boosted alkaline
battery avoids the need to conform to the shipping regula-
tions for lithium batteries. Consumers are more familiar with
cylindrical batteries, such as the AAAA, than they are with
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The efficiency of a boost converter depends highly on

the current draw and the input and
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output voltages.
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A typical battery-boost-converter configuration com-
prises a boost converter, two resistors, two capacitors, and an
inductor.
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coin batteries, increasing the chances of correct installation.
The footprint of using either power source is similar, with
the single alkaline AAAA battery taking approximately 352
mm? versus 314 mm? for the CR2032 lithium-coin battery,
assuming a two-sided board.

The single alkaline battery continues to benefit from the
tunable voltage to maximize efficiency and provide short-
circuit protection through current limiting. However, the
alkaline battery delivers a higher continuous current, whereas
the CR2032 cannot. Specifically, the boosted alkaline battery
can continuously source 150 mA, whereas the CR2032 can
perform that task only for short pulses. Continuous current

beyond 10 mA from the CR2032 bat-

Implementing a battery-boost converter enables a design
to reduce the overall system area by the size of the second
battery, with the trade-off of including the boost converter,
two resistors, two capacitors, and an inductor (Figure 4).
The weight of the boost converter and its accompanying
components is negligible for most designs. The area of a typi-
cal boost-converter circuit is approximately 60 mm?, which is
considerably smaller than the 450-mm? area of a second AAA
battery or the 352-mm? area of a second AAAA battery and
still yields a 290- to 390-mm? area reduction in the overall
system, assuming a two-sided board design. The OEM’s cost
for implementing the boost converter and its accompanying

tery dramatically decreases its usable
capacity; even at 20 mA, it can deliver
only one-fifth the energy that boosted
AAAA batteries can (Figure 2).

TRADE-OFFS

Although using a battery-boost con-
verter provides many advantages, such
as enabling a microcontroller-based
design to operate with a single battery,
it is important to consider the system-
level trade-offs between a boosted
single-battery implementation and a
multiple-battery design. The efficiency
of the battery-boost converter highly
depends on the current draw, as well
as the input and output voltages. The
dominant loss for a boost converter is
resistance, so the efficiency of lower
I/O voltages is lower than the effi-
ciency of higher-I/O-voltage applica-
tions (Figure 3). Other factors that can
affect the boost converter’s efficiency
are the resistive losses in the inductor
and capacitors. Inductors with lower
dc-series resistances and capacitors with
low ESR (equivalent series resistance)
allow higher efficiency; potential trade-
offs are size and cost.

To support a lower system-current
draw, the boost converter may include
a low quiescent-operation mode, which
typically draws 20 pA, and a shutdown
mode, which draws less than 1 pA. With
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Reference de-
signs can provide low-
risk platforms for devel-
opers to more quickly
understand how to use
a boosted single battery
in their designs.

components is approximately 20 cents, which may be offset
by the alternative battery technology you are comparing.

Many semiconductor companies offer application
notes, reference designs, or both for their boost converters.
Microchip’s MCP1640 single-AAAA-battery-boost con-
verter reference design is one example (Figure 5). These
reference designs help developers reduce their product’s
design cycle by providing a pre-engineered circuit that they
can modify to meet their project’s needs.

EXAMPLES

A boosted single-battery implementation not only enables
differentiation through a smaller form factor for many appli-
cations but also provides a cost advantage over using coin
or rechargeable batteries. The ability to minimize the width
and weight of an electric toothbrush’s handle, for example,
enables the handle to feel more natural in a user’s hand. Using
a single battery also simplifies the mechanical-design effort
to ensure that the user has correctly installed the battery.

Another benefit of boosted batteries is that the power
supplied to the device is regulated, so it receives a flat volt-
age profile throughout the life of the battery. This approach
enables the toothbrush to provide a consistent vibration
throughout the life of the battery without a noticeable drop-
off in vibration strength and, thus, performance as the bat-
tery discharges. The microcontroller can also modulate the
vibration signal, such as generating pulsating vibration to
signal to the user that the battery is approaching an end-of-
life condition.

Flashlights, especially LED devices, can also benefit from a
regulated supply voltage by using the boost converter to power
a microcontroller, which in turn controls a more complex sup-
ply for the LEDs. The regulated supply can avoid a dimming
of the flashlight as the battery discharges, hence providing
consistent lighting through the battery’s end of life.

Using one boosted alkaline battery can be appropriate in
value-priced devices, such as a portable, wireless mouse. A
value-priced mouse focuses on longer battery life by operating
with low-frequency positioning updates appropriate for Web
browsing and text editing, as opposed to higher-frequency
updates for gaming. Wireless mice deliver a compact form fac-
tor with the single replaceable battery and have lower design
and materials costs than do implementations that rely on a
rechargeable battery. In addition to the cost difference among
the battery technologies, using a replaceable battery means
that the mechanical design avoids including an expensive
connector for a recharging source.

Most consumers are familiar with and know where to
acquire cylindrical AA, AAA, and AAAA batteries. Designs
using these form factors can provide a simpler access hatch
to replace the battery so that the user is confident the bat-
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tery is installed correctly. Although other form factors, such
as coin batteries, are not unusual, most consumers are less
familiar with the notations for the coin devices’ form factors
and less familiar with how to install these batteries. The clear
orientation for installing a cylindrical battery and the ease
of acquiring replacement batteries provide an ease-of-use
differentiation for a design.

An additional differentiation opportunity for boosted
equipment is to incorporate RF connectivity in the volume
gained from using only a single battery. Applications that
can benefit include portable medical equipment, such as
blood-pressure modules and blood-glucose meters, and bea-
cons in industrial environments for tracking transportation
containers.

The opportunities for delivering efficient energy through
one battery span a range of applications. These applications
demonstrate ways that a device using one boosted battery
can enable a smaller form factor, lower weight, a lower cost
of materials, and a simpler mechanical design than will a
multiple-battery approach. Because consumers are more
familiar with how to use cylindrical batteries, a single-battery
system is more valuable. All of these benefits make it easier to
consider migrating to a boosted single-battery implementa-
tion for the next iteration of your design.EDN
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BY PETER JAMES MILLER - TEXAS INSTRUMENTS

Powering DDR
memory and SSTL

ost modern electronics require some form of
DRAM. By far, the most common DRAM
is SSTL (stub-series-terminated-logic)-
driven DDR (double-data-rate) memory.
Conventional logic and I/Os use standard
system bus voltages; however, DDR-memory
devices need the precision that only local POL (point-of-
load) regulators can provide. For sufficient noise margin,
two of the five system supply voltages must reference other
voltages. These voltages are the [/O V| (drain-to-drain volt-
age), the VDDQ (drain-to-drain core voltage), the V,; (drain-
to-drain logic voltage), the V. (termination-tracking
reference voltage), and the high-current-capable midrail V_
(termination-tracking voltage).
Voot THE SIMPLEST SUPPLY RAIL
Most DDR-memory devices use a common supply for core,
1/O, and logic voltages; these terms are commonly combined
and referred to simply as V. Current standards include
2.5V for DDR and DDRI1, 1.8V for DDR2, and 1.5V for
DDR3. DDR4, which should debut in 2014, will have a volt-
age of 1.05 to 1.2V, depending on how far the technology
advances before the release of the standard.

DDR memory’s V. is the simplest supply rail. A variety
of POL power sources can supply most DDR-memory devices
because they allow 3 to 5% tolerance. Single-chip, onboard
memory for small embedded systems might require only a
linear regulator to provide 1 or 2A of current. Large multichip
systems or small banks of DDR modules typically require
several amps of current and demand a small switch-mode
regulator to meet efficiency and power-dissipation needs.
Large multimodule banks, such as high-performance process-
ing systems, large data-logging applications, and testers, may
demand 60A or more of Ving driving designers to develop
processor-core-like, multiphase power supplies just to meet
memory needs.

Although a conventional converter can typically support
Vipo it generally requires prebias support and the ability
to regulate through high-speed transients as the memory
switches states. No defined standard exists for prebias sup-
port, but it implies that the POL converter providing the
Vo must prevent sinking current from the Vi, supply if
any voltage is stored on the V|, bypass and output capaci-
tors during V- power-up. This requirement is critical
because SSTL devices commonly contain parasitic and
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protection diodes between V _ and other supply voltages;
Vipo can damage these diodes if it sinks current through
them during start-up.

High-speed memory cells rapidly switch states. A memory
chip or a module may change from a low-intensity sleep state,
a standby state, or a self-refresh state to a highly demanding
read-write cycle in just a few clock cycles. This rapid switch-

ing places another strong demand on the POL supply provid-

SMALL MEMORY SYSTEMS TYPI-
CALLY USE A SMALL RESISTOR
DIVIDER TO MINIMIZE ANY VARIA-
TION IN THE THRESHOLD VOLTAGE.

ing the Vi, . Vi, supplies should switch from only 10% of
their maximum load current to 90% in 1 to 2 psec. An array
of small, local bypass capacitors near each V;, V., and
V ,p input typically provides faster, cycle-by-cycle transitions
to the memory device, and a combination of large output
capacitors and high-speed control loops provides for sustained
mode transitions and meets the tight accuracy requirements

of DDR memory.
Vv REALIZES WIDER NOISE MARGINS

TTREF
Whereas V. is a high-current supply that powers the core,
the /O, and the logic of the memory, V. ;. is a low-current,
precision reference voltage that provides a threshold between
a logic high (one) and a logic low (zero) that adapts to
changes in the I/O supply voltage. By providing a precision
threshold that adapts to the supply voltage, V.. realizes
wider noise margins than those possible with a fixed threshold
and normal variations in termination and drive impedance.
Specifications vary from device manufacturer to manufac-
turer, but the most common specification is 0.49 to 0.51 times
Vppo and draws only tens to hundreds of microamps.

Small memory systems using one or a few ICs typically use
a simple resistor divider, employing the low leakage currents
of the reference input voltages to minimize any variation in
the threshold voltage and achieve the 2% tolerance necessary
to realize the best possible noise margins. Large systems using
multiple memory modules, such as standard DIMMs (dual-
in-line-memory modules), typically elect a less sensitive,
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Large systems using multiple memory modules, such
as standard DIMMSs, typically elect a less sensitive, active ap-
proach to V_ ..., such as an operational-amplifier buffer after
the resistor divider or a voltage from a dedicated DDR memory,
such as Texas Instruments’ TPS51116, TPS51100, or TPS51200
switchers and low-dropout regulators.

active approach to V..., such as an operational-amplifier
buffer after the resistor divider or a voltage supplied by a dedi-
cated DDR memory (Figure 1), such as Texas Instruments’
TPS51116, TPS51100, or TPS51200 switchers and low-
dropout regulators.

Ve should always be locally generated, referencing
the V. at the source device to provide the most accurate
threshold voltage and the widest possible noise margin. That
requirement dictates that the memory’s V. .. must reference
the processor’s V|, and that the processor’s V. .. must refer-

ence the memory’s "

V.. CLOSELY TRACKS V___ .
V. and V

DO e are relatively straightforward power sup-
plies. Most power converters source current to their output
to maintain a regulated voltage or current at their output.
This scenario is true even of a termination voltage for con-
ventional logic, which is equal to the logic’s I/O voltage.

The midrail V. in SSTL and DDR-memory devices is
different. When the SSTL circuit generates a zero, an active
pulldown device sinks current from the termination rail, and
the termination supply acts as a conventional supply voltage,
sourcing the required current to maintain the desired termi-
nation voltage. However, when the logic circuit generates a
one, a pullup device sources current into the termination rail,
and the termination supply must suddenly become a load,
sinking current from the memory output. This sink-and-
source requirement significantly increases the complexity of
the V.. design but provides a valuable feature to the memory
device. Each logic one sources current into the termination,
and each logic zero sinks a similar current from the termina-
tion. Therefore, the termination supply needs to support
only the differential current—zeros minus ones—normal-
izing the load currents and improving signal integrity over
rail-terminated logic.

Further increasing its complexity, V. must closely
track V... SSTL voltages are so low that small varia-
tions between V_ . and V__ could quickly erode the noise
margin and degrade signal integrity. Conventional regula-
tors compare a divided version of the output voltage to a
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high-precision reference voltage to set an output voltage.
V., on the other hand, must compare an output voltage to
the V.. to ensure the widest possible noise margin, largest
eye windows, and most accurate data transfer. This tracking
requirement dramatically limits the range of available devices
that can perform this task.

V., experiences more severe transients than most other
power supplies that support similar current. Ving for exam-
ple, might switch from 10 to 90% of nominal load in a few
microseconds. If the data and address lines of a DDR memory
switch from all zeros to all ones, however, the load seen by
the termination supply rapidly changes from sourcing its
maximum load to sinking its maximum load. This 200%
load step makes transient performance critical for DDR-
memory power.

For simplicity and load balancing, V. is usually gener-
ated using a tracking sink-source linear device, such as a
high-current op amp or a dedicated sink-source low-dropout
regulator. In such applications, Ving commonly generates
V... This approach minimizes the power loss in a linear
device by providing a low source voltage and normalizes the
load current on V.. Any address line that does not draw
current from the /O function of V., by generating a one is
sinking current from V_, which is drawing the same current
from V... Although not the most efficient approach, it does
provide a consistent load equal to one-half- to one-times the
Vo current, [, on the Vi, supply.

In large systems that terminate hundreds of lines, such
as the long recording arrays in digitizing test equipment,
or in extremely power-sensitive systems, such as battery-
powered systems that must operate for extended periods
without recharging, you can use a tracking synchronous buck
switcher, such as TI’'s TPS40042 (Figure 2). A synchronous
buck converter can draw current from its output, return-
ing the recovered energy to its input voltage, much like
a boost converter. This sink/source capability, along with
the efficiency of a synchronous buck converter, makes the
synchronous buck converter an ideal choice for high-current
or high-efficiency termination. When using a tracking syn-

ENERGY BOOSTED
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In large systems that terminate hundreds of lines, such
as the long recording arrays in digitizing test equipment or in
extremely power-sensitive systems, such as battery-powered
systems that must operate for extended periods without re-
charging, you can use a tracking synchronous buck switcher,
such as Texas Instruments’ TPS40042.
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chronous buck converter to realize the termination voltage,
consider the source voltage for the termination converter.
Although it is often a good idea to operate the V_ regulator
from V.., the low V. might make this approach imprac-
tical. Furﬁqer, the cascade effect of double conversion can
sacrifice some efficiency benefits that you might be able to
realize with alternative schemes.

When V. is not used as the source for an active, switch-
er-based termination regulator, the termination regulator
should share a common source with the V., regulator. This
approach ensures that, when sinking current from logic ones,
the active switcher cannot source more energy into its supply
than the V| regulator is drawing. This step eliminates the
need for the V. sourcing supply to also sink load current and
prevents a dangerous overvoltage condition at the source of

the V__ regulator.

HOW MUCH POWER DO | NEED?

[t’s easy to figure out how much power your design needs, even
if it’s unclear after reading a data sheet. Consider, for example,
the specifications provided for a 256-Mbyte SDRAM. The
data sheet lists [ (drain-to-drain current), along with the
expected input current for each state of operation. You could
analyze the full operational cycle of the memory device, con-
sidering the worst possible rolling 10-psec average, and design
a power solution that can deliver only that much current. It is
typically advantageous, however, to design a power solution
that can provide continuous current equal to the maximum
expected from the memory device.

When examining the data sheet’s I | value, consider two
key test conditions: output current and on-die termination.
For example, a configuration with an output current of 0
mA with on-die termination disabled assumes no load and
unterminated outputs. Any usable system, however, must
have terminated outputs, and V. must be able to supply
the full termination current when all outputs are high. The
Vypo regulator must thus be able to source this maximum I
plus the full V_ current.

A device with 16 data lines and as many as eight differ-
ential strobe lines has a maximum of 20 terminations, each
of which can drive an output voltage as high as 1.8V into a
typical 50Q on-die or discrete termination resistor to a 0.9V
termination voltage for 360 mA of current. This 256-Mbyte
DDR2 memory chip might require as much as 680 mA of 1.8V
supply current to maintain its I/O, logic, and core operations.
For termination current on the V. supply, it is also necessary
to terminate address, bank-address, clock, chip-enable, and
other memory-logic lines for 38 terminations and 684 mA of
termination current. You can ignore differential pairs because
the termination current sourced by one will automatically
sink into the other.

The V., leakage current, when V__
level—that is one-half of V|, —is always less than 2 pA.
If you plan to use a simple resistor divider, it is important
to note that 2 pA of current across just 9 kQ of resistance
would introduce 18 mV of error, the total allowable error in
the programming of V__ . so relatively low resistor values
should be used.

Power requirements become more complex as memory ICs
are added. You need to consider whether the system allows

is at a valid

TTREF
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multiple memory ICs or just one IC to operate in the high-
power interleaved-read state at the same time. Typically, only
one memory device sharing common address and data lines
can be in this active state at a time. All other shared devices
are in a lower-power state, such as a burst refresh.

After reviewing the worst-case operational state of each
shared-memory device, add the I for these states for all of
the memory devices. For example, a 1-Gbyte memory system
might use four of these 256-Mbyte ICs sharing the same
address and data lines, with added logic to select which of
the four memory devices the memory is accessing, effectively
increasing the number of available address lines by two. After
reviewing the operational states, you'll find that one device
will be effective in continuous interleaved read, drawing 320
mA of current, but the other three devices will remain in
burst refresh, drawing 180 mA each for a total of 860 mA of
[, current. Because all of the outputs will share a common
data bus and only one device drives these lines, 360 mA of
additional V| current requires the same 20 output currents
for a total of 1.22A of current from the 1.8V supply.

YOU CAN TRANSFORM MEMORY
POWER FROM A DAUNTING

TASK TO A VALUABLE ADDITION

TO DESIGN BY MAXIMIZING NOISE
MARGIN.

Termination current can share the termination lines, using
common data, address, and bank selection. Chip-enable and
command lines must be separate so that each chip can be
accessed separately; therefore, each chip requires four addi-
tional terminations, bringing the total terminations to 50,
for 0.9A of total termination current. With four chips, each
able tosink 2 pA of V. . current, even lower resistor-divider
values must be used. An active V. buffer or a separate
divider for each memory IC might also be desirable.

With attention to detail and care about the needs of
each supply voltage, you can transform memory power from
a daunting design task to a valuable addition to design by
maximizing noise margin and improving accuracy. By under-
standing the function of each supply voltage, designers can
more confidently select the power designs that best meet their
overall design goals and balance among size, power, efficiency,
performance, and cost.
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Circuit detects rapidly falling signals

and rejects noise
Vladimir Rentyuk, Zaporozhye, Ukraine
N Detecting a rapidly falling signal
over some threshold is important
for ultrasonic or location equipment as
well as for seismology systems. You can
combine a rail-to-rail operational ampli-
fier with a Schmitt-trigger logic gate to
perform this function (Figure 1). This
example works well in an ultrasound
machine. It controls a sample-and-hold
amplifier that sets the gain of an AGC
(automatic-gain-control) system.

The circuit works only with positive
signals, so the signal must pass through
a full-wave rectifier before it is applied
to the circuit input. You configure the
main part of the circuit, op amp IC,,
as a comparator with hysteresis. It
produces a high-level output when an
input signal is higher than the specified
threshold. The output goes to a low
level when the input signal begins to fall

but only when the input falls faster than
an established rate of change or if the
level of the input signal will be lower
than the established threshold of sensi-
tivity. This circuit detects the moment
when a signal is above the established
threshold and the falling signal—or a
mix of the signal and noise—has higher-
than-specified speed.

R, and C, form an input lowpass
filter to smooth the input signal. You
set the values of R, and C| to create a
filter roll-off for the input signal you are
processing. Resistors R, and R, establish
a small hysteresis, which is necessary
so that slow signals with noise don’t
cause the output to change state. You set
the threshold level with voltage divider
R, and R,. D, R, and C, form a peak
detector. R, establishes a time constant

of the discsharge of C, and provides
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sensitivity to a falling signal’s rate. You
establish the circuit’s sensitivity to a
falling signal’s rate of change using the
time constant, which the values of C,
and R;set. Hysteresis resistor R, is more
than a decade larger than R, so the
effect of resistors R, and R, is negligible.

A rising input signal greater than the
threshold charges C, to approximately
the level of the input signal. The output
amplifier is at a high level because the
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Figure 1 This circuit detects signal excursions higher than a set threshold and rejects noise and recognizes fast falling signals.
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voltage on C, is always lower than the
value of the rising input signal due to
D,’s voltage drop. When the input drops
faster than C, can discharge through R,
the output level of the device changes to
a low level because the voltage on C, is
higher than the value of the falling input
signal. If the input signal falls more slowly
than the discharge of C, through resistor
R,, the output remains high. Schottky
diode D, prevents the discharge of C,
through the input. R, and D, clamp the
amplifier’s output to positive values. Feed
the clamped signal to Schmitt-trigger
logic gate IC, to give a logic-level output
with fast transitions (Figure 2).Epn

OUTPUT SIGNAL

THRESHOLD OF

SENSIBILITY

INPUT SIGNAL MWUUWWH

!

Figure 2 The circuit recognizes a pulse when it falls; noise is exaggerated for clarity.

Hack into a stopwatch
to make a phototimer

Ralf Kelz, Seefeld, Germany
N The exposure tester in this
Design Idea measures the on time
of a light source, whether an LED, an
incandescent lamp, a halogen lamp, or
another source. It can be made with an
ordinary stopwatch and a few simple
components (figures 1 and 2). An elec-
tronic stopwatch needs two pulses to
operate; one starts the internal counter,

and another one stops it. A light source
provides only one pulse, corresponding

to the time the light is illuminated. This
circuit generates a short trigger pulse
whenever the luminous intensity
changes.

When the photodiode is not illu-
minated, capacitor C, charges to 1.5V
(Figure 3). The charge initially comes
through the base-emitter junction of Q,
with a time constant that R xC, sets.
Once C, charges to 1.5V minus the base-
to-emitter voltage, R, tops off the charge

on C, until it reaches 1.5V. Because R,
and R are in series during this time, this
topping off occurs with a slower time
constant that (R +R,)xC; sets.

When the photodiode is illuminated,
photocurrent flows through R, raising
its voltage to more than OV, which drives
the right side of C  above the 1.5V rail.
The base of Q, is reverse-biased and has
no effect. However, Q,’s emitter is now
forward-biased because R, holds the base
near 1.5V. As Q, turns on, the charge in
C, dissipates across R, raising its voltage
and creating a positive pulse. You con-
vey this pulse to the stopwatch through
R;, which is necessary in the case of
extreme illumination of the photo-

Figure 1 You build the circuit on a small prototype board
that connects to the CG-501 stopwatch.
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Figure 2 You can solder in pigtails to bring power, ground, and the

trigger circuit to the prototype.
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diode. It limits the current into the
stopwatch circuitry so that a large pulse
cannot latch or overpower the internal
stopwatch circuitry. The photocurrent
creates a difference between 1.5V and
the voltage of R ; this difference causes
C,, under illumination, to enter a final
voltage.

When the photodiode is not illumi-
nated, no photocurrent goes through R ,
so C, can charge back up as its left side
goes to ground and its right side goes first
to a base-emitter drop below 1.5V and
subsequently all the way to 1.5V. Because
the initial charge conducts through the
base-emitter junction of Q,, that tran-
sistor again turns on, delivering a pulse
across R, and halting the stopwatch.

Your selection of the value of
C, depends on the exposure time
to be measured and on the photo-

HO/L2 photodiode with a large spectral
bandwidth, but any other photodiode or
even a photoresistor will also work.Epn

diode used. The response rate of this
circuit is approximately 500 msec. This
example uses an Everlight PD333-3C/

PLIT/RESET

CG-501
STOPWATCH

Figure 3 This simple circuit times a light source. When you illuminate the photodiode,
Q, creates a pulse. When you remove the illumination, Q, creates a pulse.

Comparator directly controls power-MOSFET gate

Peter Demchenko, Vilnius, Lithuania
N It is common practice to power a

MOSFET with a comparator and
with an unregulated voltage and to
power the comparator driving it from a
regulated one (Figure 1). Many loads are
insensitive to driving voltage, so it would
be a waste of money and power to use a
regulated supply to drive the FET. It is
also common practice to add resistors R
and R, to the comparator to put hyster-
esis in the operation, making the circuit
less susceptible to noise, especially with
slowly changing signals.

This circuit’s comparator changes
with changes in the unregulated power
supply. You can correct this problem
by adding diode D, and resistor R; to
the circuit (Figure 2). This approach
isolates the hysteresis circuit from the
unregulated output and instead drives
it from the same regulated supply that
drives the comparator. When the com-
parator is on, it drives the FET just as
the original circuit does, pulling the
P-channel FET gate toward ground. In
both cases, you connect zener diode D,
to the FET gate to avoid exceeding the
gate-to-source voltage. The improve-
ments in the circuit in Figure 2 become

44 EDN | NOVEMBER 3, 2011

15V —O 20V UNREGULATED

Figure 1 Hysteresis components R, and R, tie to the unregulated supply, causing the
comparator’s switching point to vary with the power supply.

1BVO——14 p—O 20V UNREGULATED

A

Figure 2 Resistor R, and an ORing diode isolate the hysteresis circuit from the
power supply and keep the switching point constant no matter how the power sup-
ply changes.
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Figure 3 The internal design of the LM193 comparator requires that you keep the
input pins 2V below the positive rail (courtesy Texas Instruments).

apparent when the comparator turns off.
In either case, R, pulls the comparator’s
open-collector output up to the positive
power supply. In Figure 2, however, the
diode isolates the hysteresis circuit from
the power supply so that R, pulls up R;
to the regulated 15V, no matter how the
power supply changes.

With a legacy comparator such
as Texas Instruments’ LM193, the
common mode of the inputs must
stay well below the power-supply rail
(Figure 3). The circuit requires 1.5V
head room at 25°C and 2V head room
over temperature. Thus, for the circuits
in figures 1 and 2, you cannot set the
threshold voltage higher than 13V. If
your circuit requires a threshold voltage
closer to the power rail, consider using
newer parts with rail-to-rail inputs. You
must use an open-collector or open-
drain comparator for this hysteresis-
isolation circuit to work. It would be
incompatible with a totem-pole-output
IC.epDN

Active Noise Cancelling |
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Originally published in the September 4, 1986, issue of EDN

AGC circuit uses an analog multiplier

Steve Lubs, Department of Defense, Washington, DC

N In the AGC circuit of Fig 1, a

4-quadrant analog multiplier
(IC,), an amplifier stage (IC,), an
active, full-wave rectifier (D, D,, R,-R,
and IC;), and an integrator (IC,)
accomplish automatic gain control of
Vs amplitude variations in the audio-
frequency range.

The multiplier’s output is =V, V. /10,
where V_ is a negative voltage gener-
ated by the integrator IC,. Together,
the integrator and the rectifier extract
the de component (V) of Vj . for use
as a feedback signal to the multiplier.
The integrator sums signal current from
the rectifier and control current from

15V -15V
0.1 uF
Gl = 14
1.0 uF -
Vin 0—) X1
Ry 2 . ouT
5.1k I 2
-_ IC1
6 AD534
= LI &
L Y2 Z;

potentiometer Ry, which lets you adjust
Vour's signal level.

Circuit analysis yields the frequency-
response equation

_KjAVe
UT™T0RC,

1 )

10A |
STR c,
or, in the time domain,

exp(llgé;).

KAV
10RG,

Vour=

In both equations, K, is the gain of
amplifier IC,, A is the peak amplitude
of V, and R is the resistance between

WANT TO
SEE MORE
OF THE
CLASSICS?

Revisit 50 of the

| best Design Ideas
from the Golden
Age of electrical
engineering.

http://bit.ly/DesignldeasClassics

the integrator input and the rectifier
output. (For this circuit, R equals R in
parallel with R..)

This AGC circuit is suitable for
controlling the long-term variations
of amplitude within a limited range. It
doesn’t respond uniformly over a wide
dynamic range, however, because the
time response is inversely proportional
to input-signal amplitude.

15V —-15V

T
Rs OUTPUT-LEVEL

50k

ADJUST

Figure 1 Analog multiplier IC, combines V, with a feedback signal V, to achieve automatic gain control.
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LINKING DESIGN AND RESOURCES

IPC urges certification
for conflict-free smelting

he IPC and its mem-
ber groups continue
to take active steps to

reduce the electronics supply
chain’s burden of complying
with conflict-minerals regula-
tions. The IPC’s moves fol-
low on the Dodd-Frank Wall
Street Reform and Consumer
Protection Act, which legis-
lators signed into law in July
2010 and which requires pub-
licly traded companies to sub-
mit detailed reports to the US
Securities and Exchange Com-
mission on the origin of the tin,
tantalum, gold, or tungsten in
their products. The law largely
aims to regulate relevant min-
erals coming from the Demo-
cratic Republic of the Congo
and adjoining countries—so-
called conflict areas.

In mid-October, IPC’s SPVC
(Solder Products Value Coun-
cil) began urging tin smelters
to become smelters of con-
flict-free minerals and recom-
mended the EICC/GESI CFS
(Electronic Industry Citizen-
ship Coalition/Global e-Sus-
tainability Initiative Conflict-Free
Smelter) program. IPC esti-
mates that the SPVC members
produce 80% of the world’s
solder. As solder manufactur-
ers, these members have a
direct relationship with smelt-
ers of tin.

The move also follows sep-
arate plans from the IPC to
develop a tool to standardize
conflict-minerals tracking. That
tool aims to allow companies to
share data on conflict minerals

[www.edn.com]

and assist in the preparation
of compliance reports (Refer-
ence 1). The IPC in September
separately announced that it
had agreed to participate in
a pilot evaluation program to
review and refine the Organi-
zation for Economic Coopera-
tion and Development’s due-
diligence guidance for conflict
minerals.

The IPC describes the
CFS as an audit and certifi-
cation program that will iden-
tify and publish lists of smelt-
ers that have been certified
as using conflict-free miner-
als. IPC SPVC, the Interna-
tional Conference for the Great
Lakes Region, and the United
Nations have endorsed the
CFS program. “Tin smelters
can help the entire electron-
ics-industry supply chain meet
reporting requirements under
the Dodd-Frank Act by engag-
ing as soon as possible in a
certification program, such as
the EICC/GESI CFS,” says Karl
Seelig, SPVC chairman and
vice president of technology at
AIM Inc.

“Although the reporting
requirements apply only to
publicly traded companies, we
now see requirements rapidly
flow through the entire sup-
ply chain, similar in manner to
the ROHS-compliance data
requests,” says Tony Hilvers
(photo), IPC’s vice president
of industry programs. He says
that the law does not require
some companies to file reports,
and those companies will likely

have to provide similar informa-
tion to their customers to assist
in their reporting efforts.

“These new regulations will
affect not only US companies
but also any company doing
business or having customers
doing business in the United
States,” Hilvers adds. “From a
business perspective, smelt-
ers that participate in the CFS
program will benefit from hav-
ing been certified as conflict
free.”

Members of the IPC SPVC
that endorse the CFS program
include AIM, Amtech Inc, Cook-
son Electronics, Harimatec,
Henkel, Indium, Inventec Per-
formance Chemicals, Koki Co
Ltd, Metallic Resources, Nihon
Superior Co Ltd, Nordson EFD,
P Kay Metal, Red Ring Solder,
Senju Metal Industry Co Ltd,
Shenmao Technology Group,
and Yik Shing Tat Industrial Co
Ltd. —by Suzanne Deffree
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SMARTPHONES’
DRAM DEMAND
TO SEE 700%
INCREASE

BY 2015

Shipments of DRAM for use
in smartphones should see
triple-digit growth in 2011,
outpacing the expansion of
the entire DRAM market by a
factor of three, according to
IHS iSuppli. DRAM shipments
in smartphone handsets
should rise to 1.7 billion in
2011, up over 150% from
672 million in 2010. By 2015,
shipments will increase to
13.9 billion units, up 700%
from 2011, the market-
research company estimates.

“Compared to this year’s
stunning DRAM growth in
smartphones, a shipment
expansion amounting to a
much less spectacular 50% is
expected for the total DRAM
market, which is dominated
by sales to the PC business,”
says Clifford Leimbach,
analyst for memory demand
forecasting at IHS. “The major
growth disparity between
the two sectors explains
why DRAM manufacturers
are aggressively vying for a
bigger piece of the cellphone
DRAM market.”

IHS iSuppli also estimates
that smartphones’ share of
total DRAM consumption
will grow to 7.6% this year,
up from 4.4% in 2010. The
company expects this figure
to expand to 10.6% next year,
13.4% in 2013, 14.9% in
2014, and 16% in 2015.

—by Suzanne Deffree
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DISCRETE SEMICONDUCTORS

iodes are driving the discrete-semiconductor industry, thanks to the

current- and power-delivery requirements of high-speed interfaces,

such as USB 3.0 and HDMI. IGBTs also continue to increase in popu-

larity, according to figures from IC Insights, which predicts that the

discrete-semiconductor market will grow 8% this year to reach $24
billion as these devices play key roles in applications ranging from portable devices
to power-distribution equipment.

Major discrete-semiconductor vendors, including Littelfuse, On Semiconductor,
and Vishay Intertechnology, recently announced diodes featuring ESD protection
without degrading signal integrity. These diodes come in tiny packages to serve
portable systems. Improvements in packaging and production have expanded the
range of applications IGBTs can serve. Vendors are manufacturing these high-effi-
ciency, high-speed switching devices to be more rugged to withstand harsh environ-
ments, such as those in automotive and industrial systems.—by Ismini Scouras

K

STMicro’s STPS60SM200C rectifier targets
high-efficiency power conversion
N The STPS60SM200C dual Schottky rectifier targets use in ac/dc power

supplies in telecom base stations and welding equipment. The device features
a 200V maximum reverse voltage, operates at temperatures as low as —40°C, and
achieves more-than-2-kV ESD protection. Other features include a repetitive peak
reverse voltage of 200V, an average forward current of 60A, a maximum operating
junction temperature of 175°C, and a typical forward voltage of 640 mV. The
device comes in a TO-247 package and sells for $2.436 (1000).
STMicroelectronics, www.st.com

IR introduces
automotive-qualified,

600V IGBTs

N This family of 600V, automotive-

qualified IGBTs targets use in
variable-speed motor-control and pow-
er-supply applications in electric and

hybrid vehicles. The devices cover a
broad current range and offer a short-
circuit rating
of 5 psec or
greater. They
feature low
voltage drop
for electric-
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air-conditioning, main-traction-invert-
er, and other motor-drive circuits
requiring power density of 24 to 160A.
Other features include a square reverse-
bias safe operating area, an integrated
soft-recovery diode, and a junction tem-
perature of 175°C. Prices begin at $1.78
(100,000).

International Rectifier, www.irf.com

Vishay VCUT05D1-SDO
diode comes
in compact package
N The bidirectional-symmetrical
VCUTO05D1-SD0 ESD-protec-
tion diode provides 10-pF capacitance
for protecting signal and data lines from
transient-voltage signals in portable
electronics. Featuring a 0.6x0.3-mm
footprint and a package height of less
than 0.3 mm, the VCUTO05D1-SDO0O
targets use in portable gaming systems,
digital cameras, MP3 players, mobile
phones, smartphones, and other porta-
ble systems. At a working voltage of
5.5V, the diode offers a
leakage current of less
than 0.1 pA. The device
clamps or shorts to
ground any transient-voltage signal
exceeding the typical reverse-break-
down voltage of 8V at 1 mA. The
device features a maximum clamping
voltage of 10V at 1A and comes in a
CLP0603 package. It provides high
surge-current protection and transient
protection for one data line. It sells for
$6 (100).
Vishay Intertechnology,
www.vishay.com

Littelfuse SP3012 TVS-
diode arrays protect
USB 3.0 ports

N The SP3012 series of TVS (tran-

sient-voltage-suppressor)-diode
arrays provides ESD protection for high-

[www.edn.com]



device comes in a 2.5x1x0.5, 10-pin
uDFN package and sells for $0.097
(10,000).
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off-energy-per-pulse values as low as 1.2
m] at a junction temperature of 25°C.
The device retains a positive-tempera-
ture coefficient at its collector-to-emit-
ter saturation voltage, allowing design-
ers to use multiple discrete devices in
parallel. Applications include high-
frequency power inverters, UPSs, motor
drives, high-power lighting controls,
welding machines, battery chargers,
power-factor-correction circuits, and
high-voltage switch-mode power
supplies. The 1200V device sells for
$7.40 (500).

Ixys, www.ixys.com
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TALES FROM THE CUBE

Eastern dreams

uring the 1990s, [ was the technical lead on a project
to design a transmitter controller using radio pagers.
The original pagers were receive-only devices. To
get messages to the pagers, the systems would trans-
mit the same signal—on the same frequency chan-
nel—on every transmitter of the pager’s contracted

coverage area. This area was sometimes a large part of the United
States, requiring more than several thousand transmitters. Due
to directional diversity and, in signal-overlap areas, power sum-
mation, using this many transmitters provided better area and
building-penetration coverage than do today’s cell phones.

This approach worked properly only
if we placed a number of constraints on
the system’s operation. A fundamental
one for the signal-overlap regions was
that the modulation symbols had to
arrive at the device in time alignment.
In this way, the symbols would have a
chance to reinforce, rather than inter-
fere with, each other. For the systems
in use in the 1990s, this requirement
meant that every transmitter had to
send the symbols aligned to within 1
psec. Meeting this goal was not trivial
because transmitters resided at various
distances from the common source of

the data, and the means of delivering
the signals to them could vary among
technologies ranging from wires to
microwave links.

Our project’s transmitter controller
would automatically align the transmit-
ters to allow for changes in deployment,
equipment aging, and the addition of
transmitters. The obvious approach
was to fit each transmitter with a GPS
receiver. At the time, however, the
public use of such systems was rare and
unreliable. I instead used an approach in
which the controller transmitted a cali-
bration signal to the transmitters; vari-

ous fixed devices around the coverage
area received these transmitters’ radio
transmissions. All of the signals that
each fixed receiver received experi-
enced the same propagation delay
from the receiver back to the control-
ler. To determine propagation time,
we divided the distance between the
transmitters by the speed of light. Using
the round-trip measurements, we could
therefore determine the relative delay
from the controller to each transmit-
ter. By providing the appropriate delay
to each transmitter, we got them to
align their symbols within the desired
tolerance.

This system worked well for deploy-
ments in the United States and sev-
eral overseas sites. One day, however,
my boss informed me that a system in
Tokyo was experiencing a problem.
Rather than rush off to Japan—a des-
tination that I regrettably still haven’t
visited—I contacted a technician
involved with maintaining the net-
work. It turned out that many of the
transmitters were remaining properly
aligned but that some were drifting at
different rates as the day progressed.
The measurements take seconds per
transmitter, and the system must be
offline during the measurement, so we
took the measurements only at night.
The system would transmit the mes-
sages it had accumulated during the
measurement period and then take
some more measurements.

The drifting was cyclic. The time
differences would be zero after the
nighttime calibration, would increase
until early afternoon, and would then
decrease back to alignment after dark.
In addition to daylight and moisture,
what else goes through cycles depending
on the time of day? My answer: tem-
perature! I then found out that many
of the links to the transmitters were
copper wire and that their length was
changing throughout the day. The fix
was to adjust the delay to each transmit-
ter based on its “copper distance” and
the temperature.EDN

Steven Goldberg is principal engineer
at InterDigital Communications LLC
(King of Prussia, PA).
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Standard Gate Drive

Introducing 40 V- 250 V
MOSFETs in High Current Package

Offering Optimized Performance and Cost for a Given Application

Part Number Package Voltage Current Mai?sg; ov %11:‘?
IRFH5004TRPBF PQFN 5x6mm 4V 100A 26 mQ 73nC
IRFH5006 TRPBF PQFN 5x6mm 60V 100A 41 mQ 67 nC
IRFH5106 TRPBF PQFN 5x6mm 60V 100A 5.6 mQ 50 nC
IRFH5206 TRPBF PQFN 5x6mm 60V 98A 6.7mQ 40nC
IRFH5406 TRPBF PQFN 5x6mm 60V 40A 144 mQ 23nC
IRFH5007TRPBF PQFN 5x6mm 75V 100A 59mQ 65nC
IRFH5207TRPBF PQFN 5x6mm 75V 71A 9.6 mQ 39nC
IRFH5010TRPBF PQFN 5x6mm 100V 100A 9.0 mQ 65nC
IRFH5110TRPBF PQFN 5x6mm 100V 63A 124 mQ 43nC
IRFH5210TRPBF PQFN 5x6mm 100V 55A 149 mQ 39nC
IRFH5015TRPBF PQFN 5x6mm 150 V 56A 31 mQ 33nC
IRFH5020TRPBF PQFN 5x6mm 200V 41A 59 mQ 36nC
IRFH5025TRPBF PQFN 5x6mm 250V 32A 100 mQ 37nC

Logic Level Gate Drive

Part Number Package Voltage Current Ma:?s&.w ?@'34.[;";
IRLH5034TRPBF PQFN 5x6mm 40V 100A 24mQ 43nC
IRLH5036 TRPBF PQFN 5x6mm 60V 100A 44 mQ 44nC
IRLH5030TRPBF PQFN 5x6mm 100V 100A 9.0 mQ 44nC

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

Features

e | ow thermal resistance to PCB
(down to <0.5°C/W)

e High Current Package —
up to 100A continuous

® 100% RG tested
e Low profile (<0.9 mm)
e ndustry-standard pinout

e Compatible with existing surface
mount techniques

© RoHS compliant containing no lead, no
bromide and no halogen

e MSL1, industrial qualification

The IR Advantage

e Increased power density

e |ncreased reliability

e Multi-vendor compatibility
e Fasier manufacturing

e Environmentally friendlier

Distributors :

ALLIED ELECTRONICS®

|

FUTURE
ELECTRONICS

N\\GUV.

ARROW ELECTRONICS

| Q) Newark

International

Rectitier

THE POWER MANAGEMENT LEADER




“We're crossing the boundary
between the physical and the
digital world.”

Vida llderem, Vice President, Intel Labs,
Director, Integrated Platforms Research Lab

.
EMBEDDED WITH INNOVATION: Intelligent Devices. Smart Connectivity. %

Develop intelligent solutions that
NOVEREILE N

Challenge >

How to meet the growing demand for intelligent connected systems that can transform
raw data into smart services.

Solution >
Integrate low-power computing, robust security and flexibility, with always-on connectivity.

Intelligent connectivity is driving unprecedented smart services and business models, and promises to be one of
the decade’'s most disruptive technologies. At Intel, we are reducing development complexity by combining Intel®
architecture-based computing, I/0 and connectivity in small-footprint modules. Like the Intel® Reference Design
for Smart Services Development based on the Intel® Atom™ Processor, a platform that can greatly reduce time
and cost for developers of smart services, intelligent connected devices and software solutions,

S35B  84x44mm <5W

Projected annual revenues Footprint of the Intel® Reference Design DC idle power of the Intel®
from M2M services by 2016. for Smart Services Development.? Reference Design for Smart
Services Development.?

Maximize your opportunity with the M2M Smart Services Developer Kit based on Intel® architecture.
Join the discussion, and see how Intel and our growing M2M ecosystem are creating new possibilities
in embedded technology.

READ > WATCH > DISCUSS >>> intel.com/embedded/innovation/connectivity
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