All-inclusive signal generator for LTE, LTE-A, WLAN ac and other
advanced standards. Baseband, signal calculation, fading, MIMO,

2 box. The R&S®SMW200A.

www.rohde-schwarz.com/ad/smw-edn/bb Watch the video.
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“Superinductors”

That’s what engineers are calling our

new ultra-low DCR power inductors

Superconductors pass current
with virtually no resistance.

Our new XAL/XFL inductors
do much the same. Their DCR is
incredibly low: often half that of
similar size parts.

And their current handling
is equally impressive. Coilcraft’s
proprietary core material has a
soft saturation characteristic that

Competitors’ 4.7uH inductors

have much higher DCR per mm®

than Coilcraft's XAL5030.

/,

WWW.COILCRAFT.COM

prevents drastic inductance drops
during current spikes.

Unlike competitive parts,
these inductors don’t suffer from
thermal aging. And we give you
far more footprint options to
maximize PCB density.

To see what else makes our
new XAL/XFL inductors so super,
visit toilcraft.com/xal.

@® @ No min order. Next day delivery.
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NI data acquisition products are the most trusted computer-based measurement

. : . . . LabVIEW offers powerful
devices available, offering superior accuracy and maximum performance. analysis functions for
NI CompactDAQ systems feature more than 50 measurement-specific modules and sensor and signal

data, simplifies GUI
development, and helps
capabilities of NI LabVIEW software, this platform puts the power of graphical system you program the way

complete breadth and depth of 1/0. Coupled with the analysis and signal processing

a . o
design at your command so you can build any measurement system faster. you think—graphically.
>> Accelerate your productivity at ni.com/measurements-platform
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Easy POL Converter Design

Online Tool Simplifies Sup/RBuck® POL Design http://mypower.irf.com/Sup/RBuck

Integrated Voltage Regulator Product Offering The Sup/RBuck® Advantage:
5V bias required Integrated LDO = Bast in class efficiency
1-16Vin | 1-21Vin | 327Vin | 1-16Vin | 1-21Vin = Lommor) footpript ovey wide I9ad rande
for design flexibility
1-3A IR3843W
T — — — e Full featured and protected for easy
on-board implementation
4-6A IR3842W IR3863 IR3898* | y ler. b
- e Integrated controller, bootstrap
s IR3856 IR3473 diode,control FET and Sync FETKY
IR3831TW* IR3859 IR3838* IR3899*
7-10A IR3841 IR3865 IR3475 IR3865 .
The Tool Provides:
IR3841W
16A IR3840 IR3476 IR3837* IR3894* * Schematics
' IR3840W IR3477 IR3895* * Bill of Materials
*DDR Tracking . . .
e Simulation and Thermal Analysis
Size(mm)

Sup/RBuck®

5 i International

Current (A)

for more information call 1.800.981.8699 or visit us at www.irf.com R@Ch ][l er
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JOIN THE CONVERSATION CONTENT
Comments, thoughts, and opinions shared by EDN’s community n’t-mi ntent on EDN.com
In response to “Top 10 challenges for analog,” a THE TOP 5 FASTEST
blog post by EDN’s Steve Taranovich at www.edn. SUPERCOMPUTERS

“Analog field programmable arrays are still not worth writing
home about. If it is fast enough (GBW, slew) then it is not accurate enough gﬁ;‘ﬁgﬁg:;ﬂ
(Vis, Vem), if accurate enough then wrong supply range; if right supply it's touah 1o k
range then wrong common mode input range; if good common mode s tough o keep up
input range then wrong output range, etc ad nauseam. Even with “... never with who has the fastest
needing more than 640K ..." in mind, it will be a long time until analog supercomputer nowadays.
PGAs are as useful and ubiquitous as digital FPGAs.” More speed means more power
demanded from the power supply,

not to mention redundancy back-
up power and the need to deal
with all the heat dissipation from
such a beast.

In response o "On-board diagnostics not just for
racing anymore,” a blog post by Pallab Chatterjee at
www.edn.com/4413449, D Feucht commented:

“Vehicle telemetry is another example of how technology

is a two-edged sword. While the many good uses of it are outlined in the www.edn.com/4415242
article, misuse (and | would not limit it to ‘potential” misuse) exists in how

insurance companies—and sooner if not later; institutions of coercion (that = CHECK THAT

is, governments)—could respond to such data were it made available to CONFIGURATION
them. The power to observe is the power to control.” In this online-

exclusive Tales

n response to the Design Idea "Gnat-power sawtoothl | from the Cube

pscillator works on low supply voltages” at www.edn. entry, an engineer

com/4414514, WKetel commented: struggles

=1 “This circuit design is a simple and elegant improvement to locate a
on the more common version. Good work, and thanks for publishing this mysterious fault,
potentially very useful design tip.” only to finally
find it buried in

EDN invites all of its readers to constructively and creatively comment a configuration
on our content. You’ll find the opportunity to do so at the bottom of each page.
article and blog post. www.edn.com/4414943

© ENGINEERING COMMUNITY

MM\ Opportunities to get involved and show your smarts

Do you know your tech history?

Which president was issued a patent? Who gave the first public demonstration of radio?
What innovation capped off the “Miracle Month” in 1947? Think you know your history?
Take our tech-history quiz—based on the popular EDN Moments blog, which looks back at
important moments in history and how they pertain to engineering—and see if you know your stuff!

www.edn.com/4415918
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EDN.COMMENT

BY PATRICK MANNION, BRAND DIRECTOR

Cognitive radio arrives,

all by itself!

scant 10 years ago, it

seemed that the ultimate in cognitive-

radio concepts was considered to be so far out there that it
would always be a pipe dream without massive government
expenditure on research and infrastructure. So how did it

just “happen”?

It was Joseph Mitola III who coined the term cognitive
radio and defined it as radio that is “self-aware, user-aware, [and] RF-aware”
and that incorporates elements of “language technology and machine
vision.” Back in 2004, in conversations | had with Mitola, then working
at Mitre, and Bruce Fette, then with General Dynamics, it seemed the
foundations of cognitive radio were just beginning to be put into place.

/

not doable. So it remained a pipe dream.
For the former, there was talk of using
RF MEMS as the foundation for pro-
grammable bandpass filters that could
tune to any band, without the need for
multiple RF front ends. The signal would
go from antenna, to filter, to digital. But
RF MEMS were still too nascent.

At that time, I also spoke with a fel-
low by the name of Gerald Q Maguire,
a professor at the KTH Royal Institute
of Technology (Stockholm, Sweden),
who made a very important connection
between advances in wireless and ever
cheaper memory. In fact, he consid-
ered it critical. I agreed. But store that
thought for a second.

Fast forward to 2013, and look at
what has happened. Starting with the
iPhone and its multisensory, multi-
band, location-aware capabilities with
increasing amounts of memory coupled
with an ecosystem of software (app)
developers, and suddenly you have what

no government, No one

Software-defined
radios that could adapt
to multiple wireless
baseband process-
ing and modulation/
demodulation schemes
were afire, fed in part by
the emergence of new
multicore processing

Spectrum usage
Deployment
Reconfiguration
control

Waveform

Intra-network
transmission
scheduling

Co-branded
networks

First radio

etiquettes
Handheld
devices

Advanced

Basestations laptops

Run-time
spectrum
filling

group, and no organiza-
tion could have con-
ceived or enabled: fully
aware handsets that can
adapt to multiple bands
and tell you everything

Factory
reconfiguration

ingle-device

architectures with less

configuration

wav

@

Cognitive
handhelds

about where you are
and where you’ve been.

(Ask the NSA.) And

voila! Cognitive radio

and less power consump-
tion. At the front end,
higher levels of CMOS

RF capabilities

s
g
3

foﬁg"’g}gg%’m l\#!odulet;, Pafnametter
wayclormJconfigurationigonfiguratio

configuration

Smart
antennas

Reconfigurable
RF chains

has arrived. All by itself.
That part about
flexible RF front ends

integration offered by

2004

ota | is still a bit of an issue,

the emergence of direct-
conversion radios and
other techniques made
flexible front ends seem
likely to match the flex-
ible processing architec-
tures. Even the Federal
Communications Commission was
cooperating, opening up more spectrum
and looking for ideas on how to mitigate
in-band interference with the licensed
radios operating regionally.

Everything seemed to be coming
together, but there were some really
important issues that needed to be
addressed to fully realize the potential

In 2004, the prediction was that we’d have cognitive handsets by 2014,
yet the path was a bit murky. Then came the unpredictable: multisensory
iPhones/iOS and Android devices backed by a connected apps ecosystem,

and we’ve arr

10 EDN | JUNE 2013

ived a year early. Aimost.

of a handset that, in Fette’s words, could
not just avoid being an interferer and
adapt to multiple bands but also be cog-
nizant enough to remind you when you
were approaching a pothole you hit last
time you went a certain route in your car.

In 2004, the intelligence, processing
power, and contextual location-aware-
ness requirements for the latter were just

but this week (June 4)
I was encouraged by
the announcement by
Cavendish Kinetics that
it was sampling tunable
RF capacitors based on
the company’s “patent-
ed breakthrough RF MEMS technol-
ogy.” I hope it works, but either way I
was inspired enough to reflect upon how
far we’ve come in 10 years.

I look at my kids sometimes and I
literally can’t imagine what’s next, what
world they’ll live in. Can you?

Contact me at patrick. mannion@ubm.com.
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INNOVATIONS & INNOVATORS

Wi-Fi board combines Arduino
with Linux for easy M2M use

rduino Yun is the first member of a new
Aline of Wi-Fi products combining the

power of Linux with the ease of use of
Arduino. Yun means “cloud” in the Chinese
language, as the purpose of this board is to
make it simple to connect to complex Web
services directly from Arduino.

The Arduino Yun is the combination of
a classic Arduino Leonardo (based on the
Atmega32U4 processor) with a Wi-Fi system
on a chip running Linino (a MIPS GNU/Linux
based on OpenWRT).

Designed in collaboration with Dog Hunter,
the board adopts the Linino distribution,
which provides signed packages to ensure
the authenticity of the software installed on
the device. Historically, interfacing Arduino
with complex Web services has been a chal-
lenge due to the limited memory available.
Web services tend to use verbose text-based
formats such as XML that require quite a lot
of RAM to parse. On the Arduino Yun, the
company has created the Bridge
library, which delegates all
network connections

12 EDN | JUNE 2013

and processing of HTTP transactions to the
Linux machine.

To make it even simpler to create complex
applications, Dog Hunter partnered with the
innovative start-up Temboo, which provides
normalized access to 100+ APIs from a single
point of contact, allowing developers to mix
and match data coming from multiple plat-
forms (for example, Twitter, Facebook, and
Foursquare, as well as even FedEx or PayPal).

The board can be programmed with a USB
cable in the classic Arduino way or through
the Wi-Fi connection without the need to
physically access the board. The new Arduino
1.5.x IDE has the ability to detect any Arduino
Yun connected to the local network.

—by Julien Happich

Arduino, www.arduino.cc

Dog Hunter, www.doghunter.org

The Arduino Yun
combines a Leonardo
board with a MIPS-

based Wi-Fi SoC
running Linino.

—Commenter Guru of
Grounding, in response to "Why
reflections happen,” a post in
Howard Johnson'’s Signal Integrity
blog at www.edn.com/4414190.
Join the conversation and add
your own comment.

[www.edn.com]
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Baseband & RF
MIMO & Fading
Rohde & Schwarz SMW 200A

The new vector signal generator for wideband communications systems
Unique generator with baseband, signal calculation, fading, MIMO, AWGN
and RF generation in a single box. Two paths up to 6 GHz. Full modularity.
Convenient touch operation for confident control of the most complex signals.
In 3G and 4G scenarios as well as in aerospace & defense application

1 160 MHz I/Q modulation bandwidth
1 All key MIMO modes, including
1 All key communication
1 Comprehen

1 Out

VECTOR SIGRAL GENERATOR

Iﬁ"@? Watch the video
L&
J

ROHDE&SCHWARZ
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Inexpensive 3-D printer kit creates
plastic components

nyone with an idea for a
new mechanical device
can create it on his or

her computer with 3-D solid-
model software and e-mail it
to a company that will “print”
it and quickly return a proto-
type. Three-dimensional print-
ers cost a lot of money, so the
hacker and maker “communi-
ties” have embarked on their
own projects to create low-
cost 3-D printers.

Recently | learned about
a 3-D printer kit from Cook-
ing Hacks, available for about
$850. Cooking Hacks operates
as part of the Spanish com-
pany Libelium Comunicaciones
Distribuidas SL. According to
the Cooking Hacks Web site
images and information, soft-
ware to control four stepper
motors and the plastic extruder
runs on an Arduino single-board
computer. Two steppers control
Y-axis (up-down) movement of
the printing head, which moves
back and forth under control of
another stepper. A fourth step-
per positions the platform on
which your component gets
“built.” The printer can create
devices with maximum dimen-
sions of 20x20x20 cm. | didn’t
find information about how long
it takes to create different types
of devices.

Most of the kit parts, such
as gears, shafts, bearings, and

DILBERT By Scott Adams

The $850 3-D printer kit from Cooking Hacks includes software
to control four stepper motors; the plastic extruder runs on an

Arduino single-board computer.

hardware, look like standard
components. Custom plastic
parts connect the kit pieces,
and an aluminum frame pro-
vides a sturdy and stable frame
for the completed printer. (lllus-
trations on the Cooking Hacks
Web site show a clear plastic
frame, perhaps to make all por-
tions of the mechanisms easy
to see.)

Some of the custom pieces
look as though they came from
a 3-D printer, but perhaps the
company used them to create a
prototype and will supply injec-

tion-molded components in all
kits. If you work at a small com-
pany that needs the capability
to create plastic prototypes or
you need many plastic parts
for a hobby or for artistic uses,
the Cooking Hacks 3-D printer
deserves a look. It also might
fit into public-school technol-
ogy programs as a 3-D printer
in design classes and also as
a way to have students create
parts needed for school proj-
ects, robot competitions, sci-
ence fairs, and so on.

For more information, please

STOP RIGHT
THERE. DON'T TELL
ME THE TECHNICAL
DETAILS OF YOUR

IDEA.
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Dilbert.com DilbertCartoonist@gmail.com

I MAKE MY
DECISIONS BASED
ON WHAT I KNOW
ABOUT THE PEOPLE

INVOLVED.

[ ©2011 Scott Adams, Ine. Dt by Usvensl Uskck

YOU KNOW
LESS ABOUT 1S YOUR
ME THAN TDEA
YOU KNOW
PALE AND
ABOUT MY POORLY
IDEA.

DRESSED?

visit the product page at http://
bit.ly/18wKnmyY. So that you
can see what building a kit
involves, view a complete tuto-
rial here: http://bit.ly/18qCVMXx.
| found some of the instructions
lacked details that most people
would need to build this type of
kit. One instruction notes, “Take
your heated bed and solder two
high current cables,” but the
nearby image doesn’t show
cables or where they should go.
Obviously you will need soft-
ware to create a 3-D represen-
tation of the device you need to
print. Commercial software can
cost thousands of dollars, but
| found a site that lists free 3-D
stereolithography (STL) soft-
ware: http://bit.ly/10xP3Hs.

v The hacker
and maker

‘communities’
have embarked
on their own
projects to
create low-cost
3-D printers.

The software needed to drive
the printer comes as part of the
kit, but your 3-D design soft-
ware must provide design files
in the standard STL format.
Check 3-D CAD software capa-
bilities to ensure you can get an
STL file for your printer. (Most
3-D printers require a design
presented in STL-format files.)

| don’t use enough mechani-
cal parts to make a 3-D printer
worthwhile. But | await the day
when | can send a design to my
local Kinkos or UPS Store and
pick up my 3-D parts later the
same day. That time will come
sooner than we think. Mean-
while, this type of 3-D printer
kit will give many people a head
start. —by Jon Titus

DEV-monkey blog,
www.edn.com/4415031
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Now playing: the world’s smallest
movie (made with atoms)

cientists at IBM have
created the world’s
smallest movie—made

with atoms—that
can be viewed only
when magnified by
100 million times.
The 242-frame stop-
motion production,
named “A Boy and
His Atom” (http://bit.
ly/13XeT8A), was cre-
ated using a scanning
tunneling microscope
to precisely capture
and position thou-
sands of carbon mon-
oxide molecules.
Researchers used the
remotely operated IBM-
designed microscope to con-

trol a super-sharp needle along
a copper surface to “feel” for
and attract atoms, and then pull

IBM’s 242-frame stop-motion video was created
using a scanning tunneling microscope to pre-

cisely capture and position thousands of carbon
monoxide molecules.

them to a specific location on
the surface. Critical to this pro-
cess was the “scratchy” sound
that moving atoms make (http://

bit.ly/13XelL.G7), which provided
feedback on how many posi-
tions an atom had moved.

A behind-the-
scenes look at how
“A Boy and His Atom”
was created is avail-
able at this link: http://
bit.ly/143u0Kn. The
video includes inter-
views with Christo-
pher Lutz and Andreas
Heinrich, both from
IBM Research.

IBM sees the abil-
ity to move single
atoms as crucial to its
research in the field of atomic-
scale memory. The ability to
create ever-smaller memories
promises to enable unprece-

v IBM sees
the ability

to move single
atoms as
crucial to its
research in the
field of atomic-
scale memory.

dented levels of data storage in
future computing applications.

For more on the movie,
and IBM’s atomic-scale
research, see the company’s
related-article page (http://
ibm.co/143ua4da). For more
on IBM’s scanning tunneling
microscope, see the video
“History of the scanning tun-

neling microscope” (http://bit.
ly/1167Nuj). —by Rich Pell

IBM, www.ibm.com

small!

Need a lot of power in a really small space?
TDK-Lambda's new series of programmable
power supplies will fit the bill, just 3.5" tall
and 2.8" wide, enabling six units to be
mounted in a 2U, 19" enclosure.

Don't waste space, contact TDK-Lambda for
an evaluation unit or check our website for
distribution inventory.

http://us.tdk-lambda.com/Ip/products/zplus-
series.htm

& 2U high
Bench or Rack Mount
Constant Current or Voliage Modes

Five Year Warranty

Built-in USB, RS-232 & RS-485 Interface

* ¢ ¢ ¢ o

Optional LAN, GPIB & Isolated Analog
Programming

For more information on how TDK-Lambda
can help you power your unique applications,
visit our web site at
www.us.tdk-lambda.com/lp/
or call 1-800-LAMBDA-4

STDK

[www.edn.com]

2+ SERIES -

200-800W Programmable Power Supplies

16 EDN | JUNE 2013


http://www.edn.com
http://www.us.tdk-lambda.com/lp
http://www.us.tdk-lambda.com/lp
http://bit.ly/1167Nuj
http://bit.ly/13XeT8A
http://bit.ly/13XeLG7
http://bit.ly/13XeLG7
http://ibm.co/143ua4a
http://bit.ly/143u0Kn

g
LU T R

e 1 '
4 TN L . . . .
‘ | ! ! |-

EEN

Lt W
34 (-
- | !

]

trl | el |
4 s i 4
| i |

sense.

Sensing the richness of the analog real world
and translating it precisely into the clear digital one.
That's always been our business.

ams provides innovative
analog solutions to
the most challenging

applications in sensors and

sensor interfaces, power

management and wireless.

WwWw.ams.com
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Graphics chip recognizes
nearby pedestrians and bicycles

ujitsu Semiconduc-
Ftor Europe announced

the development of the
MB86R24, the company’s
third-generation graphic SoC
for automotive applications.
The device incorporates the
Approaching Object Detec-
tion functionality —which noti-
fies drivers of nearby people,
bicycles, and other objects—
into the 360° Wraparound View
System that allows drivers to

Center Console display

Cluster display

check their entire surroundings
in 3-D from any angle.

The new chip also enables
the development of integrated
human machine interface
(HMI) systems that consolidate
and provide centralized con-
trol over a variety of onboard
vehicle information. Until now,
the display of such informa-
tion on multiple screens has
been controlled independently
for each screen. The MB86R24

Head-up display

Rl iitl]

APIX, LVDS

360" wraparound
view system

Integrated HMI

Smart-phone
USBIMHL!
WIFU/BT

Cloud

-l

L
F2

3
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Head unit

The MB86R24 from Fujitsu Semiconductor processes the input
of up to six cameras simultaneously, creating a 360° surround

view of the vehicle.

is expected to help in improving
safety, comfort, and peace of
mind for automobile drivers, as
well as for home and industrial
applications that are becoming
increasingly important.

Equipped with six full HD
input channels and three dis-
play output channels, the
MB86R24 boasts roughly dou-
ble the CPU performance and
five times the GPU performance
of its predecessor, delivering
sharper images and the ability
to view surroundings from any
perspective.

In recent years, the amount
of information shared between
drivers, vehicles, and the out-
side world has been steadily
growing. Such information
includes battery information for
electric vehicles, camera imag-
ery, navigation information, and
connectivity with smartphones
and the cloud. Different kinds
of information are displayed on
different screens, such as cen-
tral console displays, cluster
displays, or heads-up displays,
all of which require separate
display control.

To provide such information

in real time to drivers in an easy-
to-understand manner, there is
a need for technology that can
collect information in a single
location and centrally control
how it is displayed, depending
on the driving scenario. HMI
systems can accomplish this,
and MB86R24 is able to control
each display to present infor-
mation that suits the current
driving scenario.

Moreover, the new SoC
facilitates the development of
modules and platforms for dis-
plays that can be incorporated
into multiple models, rather
than one-off development for
each car model as in the past.
This, in turn, enables a reduc-
tion in part counts for display
systems, while also making it
easy to reuse products in dif-
ferent car models. The CPU
employs two ARM Cortex-9
cores along with the PowerVR
SGX543 3-D graphics engine.
The SoC also features Fujitsu
Semiconductor’s proprietary
2-D graphics engine. 3-D and
2-D graphics engines can run
independently of one another
for better graphics processing
performance. —by Christoph
Hammerschmidt
~Fujitsu Semiconductor,
www.fujitsu.com

Invisibility cloak hides objects from radio waves

Researchers at the University of Texas at Austin have
built an “invisibility” cloak that can hide 3-D objects
from microwaves. Unlike most previous cloaking tech-
niques, which have used bulk metamaterials to bend
incoming waves around an object, this latest approach
uses a very thin, form-fitting “metascreen” —just mi-
crons thick—to cancel microwaves scattering off a 3-D
object, making it invisible to microwave radiation.

The metascreen consists of strips of 66-um-thick
copper tape attached to a 100-pum-thick, flexible poly-
carbonate film in a fishnet design. In experiments it
was able to hide a 7-inch-long rod from microwaves,
with optimal functionality at 3.6 GHz.

According to the researchers, such a “mantle cloak-
ing” approach offers conformability, manufacturing,
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and bandwidth advantages over existing methods. In
addition, it should be easier to realize at visible fre-
quencies, although when applied to optical frequen-
cies may be most efficient when used with microme-
ter-sized objects.

Possible applications for the latest technology in-
clude the next generation of optical nanodevices, and
for optical computing, switching, biomarkers, and
energy absorbers, as well as for possibly realizing
optimal sensors that receive signals without affecting
measurements. For more information, see the original
paper, “Demonstration of an ultralow profile cloak for
scattering suppression of a finite-length rod in free
space,” http://bit.ly/13WTJau.—by Rich Pell

University of Texas at Austin, www.utexas.edu
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Ohm’s Law iPhone app helps engineers back-solve
electrical power calculations

C ressall Resistors is usually associ-
ated with heavy engineering, but
the company also has software
engineering expertise in-house, the first fruit
of which is an iPhone app for solving Ohm'’s

Law. The app has already been down-
loaded more than 1000 times in less than

to launch German, French, and Swedish
versions soon.”

The next release on the drawing board
for the app is a star-delta calculator for
three-phase electric motors. Every revi-
sion and new language will be offered
free as an upgrade. Following the port to

Android, Johnson anticipates one to Win-
dows phones, written in Microsoft’s own
C# programming language. The app can
be downloaded for free from iTunes.
—by Julien Happich
Cressall Resistors,
www.cressall.com

amonth, an impressive total for a technical
app and far in excess
of the company’s own
targets.

Ohm’s Law is the
essential mathemati-
cal model that engi-
neers use for mentally
mapping out electri-
cal circuits. The brain-
child of Peter Duncan,
who retired as manag-
ing director of Cressall
Resistors at the end of
2012, the iPhone app
originated as a routine
for solving Ohm'’s Law
on his handheld HP
programmable scien-
tific calculator. Duncan
was using it daily and
thought it would be useful to other elec-
trical engineers because it allows them to
input any two of the key variables of volts,
amps, ohms, and power, and calculates
the other two.

Once the first calculation is solved, an
engineer can then change the value of any of
the resulting variables, and the app will back-
solve all of the other variables automatically.

“There are several Ohm’s Law calculators
in the Apple app store at the moment,” says
Chris Johnson of Cressall Resistors, “but
they clear their data after each operation
and you're forced to recalculate every time.
With our app you can change any parameter
value and keep playing around with it until
you come to a satisfactory solution. If you're
in any doubt about what you’re doing, you
can call up a power triangle diagram.

“The Android version is in development
now and being ported over. We will extend
the language options available, too, in part-
nership with our international agents who
have volunteered to give us translations
for their home markets. We are expecting

FPGA Network
Data Processing

The iPhone app from
Cressall Resistors
allows users to input
any two of the key
variables of volts,
amps, ohms, and
power, and calcu-
lates the other two.

- Latest generation of flexible FPGA systems

- Open, easy-to-use development architecture
« Full line rate data filtering and capture

- Ultra low latency connections

« Multiple network standards

4 Nallatech

An Interconnect Systems, Inc. Subsidiary

www.nallatech.com ¢ info@nallatech.com
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NI’s Eric Starkloff: inspired by
engineering ingenuity

(NI) as an applications engineer after earning a bachelor’s

S ixteen years ago, Eric Starkloff joined National Instruments

degree from the University of Virginia. Now, as the com-
pany’s senior VP of marketing, he presides over conferences,
including NI Week, visits with customers, and explains the drive
behind NI's progress. Starkloff was willing to take a few moments
and reflect on his career so far. Read more of his conversation
with EDN senior editor Janine Love at www.edn.com/4412937.

How did you get involved
with test?

In school, | focused on

communication system
design in terms of my EE con-
centration, but then got
involved in a research project
doing digital design with com-
puter architectures. | was
basically an ASIC developer
and learned VHDL and digital
layout “on the job.” The work
was very interesting, and
unlike many university
research projects, we were
well funded and had some
pretty cool toys. | remember
getting to spend $65k on a
new workstation in the mid-
1990s—a quad-processor
Sun with 1 Gbyte of RAM,
which was outrageous at that
time. | always think of that
purchase when | buy a new
tablet or smartphone, which
at this point probably has
more processing power than
that workstation!

What has surprised you
most about your career?
| am constantly
impressed by the
incredible spectrum of chal-
lenges in society that engi-
neers are addressing and the
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pace at which technology has
changed in a fraction of a life-
time. At NI, our business
touches virtually every disci-
pline of engineering, and I've
been fortunate enough to
work on applications [includ-
ing] the latest life-saving medi-
cal technologies, the coolest
mobile devices, new alterna-
tive-energy systems, and even
new frontiers in basic science.
The ingenuity that engineers
are bringing to each of these
areas is inspiring to me. And
this is true of test in general.
As a test engineer, you get to
touch so many different
aspects of technology and
engineering disciplines. There
is never a dull day.

What frustrates you about
the “standards” process?
How could we do it better?
Standards are neces-
sary in our industry and
can ultimately be a tide that
raises all the ships of both
vendors and customers. They
work best when the line is
clear between necessary pre-
competitive infrastructure we
all need and the areas where
vendors will differentiate and
compete. This is critical

because our customers want
multivendor compatibility, and
they also don’t want us all to
reinvent the wheel each time;
of course, they also benefit
from competition and the
innovation that it inevitably
drives.

What makes your job fun?

| get to visit with our

customers throughout
the world, and | enjoy learning
not only about different appli-
cations but also about differ-
ent cultures. | also enjoy the
variety of challenges | get
exposed to; | have a short
attention span, so this suits
me well!

What are the next biggest
challenges for the T&M
industry?

| do believe we are fac-

ing some major disrup-
tions. It starts with cost of
test. The devices we are test-
ing are getting more complex,
and yet the cost to produce
them is decreasing—both
consequences of Moore’s
Law. Despite this, test hasn’t
kept pace and therefore con-
tinues to be a larger portion of
the cost to invent and pro-
duce new technology. This
has to change, and | believe
software-defined modular sys-
tems, which also benefit from
Moore’s Law, are fundamental
to bending this cost curve.

How has the role of the “test
engineer” changed?

Test engineers have had

to become more profi-
cient in software development
as test systems have become
more and more software cen-
tric. They have also had to
learn new technologies at an
increased pace. Take wireless
test, for example. This used to
be the domain of the special-
ist. We all know a guru micro-
wave engineer. But, as wire-
less has permeated nearly
every device, more and more
test engineers have had to
also learn to test wireless
among numerous other func-
tions on their device under
test.

Would you consider yourself
a “software” or “hardware”
person? Or does that divi-
sion even realistically exist
anymore for test?

| don’t think it does.

Software is increasingly
important, but the need for
good hardware design will
never go away. | think some of
the most interesting innova-
tion happens at the intersec-
tion of the two.

Anything you would do dif-
ferently if given the chance?
| don’t believe in regrets.
However, | would do
many things differently based
on learning from mistakes I've
made. That list is fairly long.

Any advice for new
engineers?

Get as many opportuni-

ties [as possible] to try
new things early in your
career. You might be surprised
at what you love and where
some hidden talents may lie.
Also, don’t be afraid to take
risks. Our CEO, Dr Truchard,
likes to say, “Even a turtle has
to poke his head out every
now and then.”

[www.edn.com]


http://www.edn.com

a market near you!

1-888-7FAI-NOW

www.FAlelectronics.com


http://www.faielectronics.com/

Seek inspiration

SIGNAL INTEGRITY

BY HOWARD JOHNSON, PhD

962: | was six, at my grandmother’s house, eating pancakes and
watching my favorite show on TV. Captain Kangaroo was talking
to Mr. Moose about something not quite visible just off the right
side of the screen. My grandmother entered the room. She looked
at the big console television, tilted her head, and then tweaked the
horizontal-position knob. The image shifted a bit to the left, reveal-

ing more at the right side. I sat in awe, jaw dropped, gaze transfixed.
When she left the room, I was all over that knob. If you turned it
far enough, what would happen? Could you see off the edges of the set?
Could you see the cameraman? Could you see yourself? My brain exploded

with questions.

1972: [ landed a summer job fixing TVs
at the local Magnavox dealer. At night,
I compared notes with my good friend
Glen Collier, who was studying ham
radio. Between the two of us, we came to
a pretty good understanding of electron-
ics. On the kind of brilliant Saturday
afternoon when normal boys should be
out-of-doors, Glen and I reversed the
connections on the horizontal deflector
coil of the new color TV in his family’s
living room, thus reversing the picture
image, left to right. I still laugh when
[ recall the look on his mom’s face,
watching the news that evening, taking
off her glasses and cleaning them, and
putting them back on, vaguely aware
that something was wrong with the TV
but not sure what.

1982: Professor Martin Graham adopt-
ed me as his student. Marty was a rascal
and a true genius. He spent the next
10 years passing along his understand-
ing of high-speed electronics and com-
puter architecture. Finding a mentor is
one of the best career moves a young
engineer can make. I know it sounds
quaint, when YouTube and wiki-this
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and wiki-that can tell you everything
you need to know in a minute, but a
mentor fills the gap between knowledge
and understanding, inspires you to learn
more on your own, and opens doors that
you never imagined existed.

1992: My experience in analog elec-
tronics, digital circuitry, and digital
image processing led me to projects
in voice mail, robotics, data transmis-

/

sion, video, and Ethernet. Each project
taught me new lessons about ringing,
crosstalk, ground bounce, and power
system design—Ilessons I began com-
municating through my writings and
public lectures. That kind of communi-
cation creates a whirling vortex of infor-
mation. The more you communicate,
the more people want to talk with you
about their difficulties, and the more
you learn.

2002: Ten years into the seminar busi-
ness, I had gotten to know a lot of
engineers. The successful ones all have
something in common: They think of
their career as a system, with inputs and
outputs, and arrange the inputs to drive
their career in the direction they want it
to go. They realize that the more people
you know, and the more varied your
experience, the better your chances of
landing a peach assignment (or surviv-
ing a major downturn). Therefore, they
pick projects that introduce them to lots
of other people and teach them new
skills. They seek inspiration.

2012: Having lectured to 12,000 stu-
dents in seminars all over the world,
sold some 100,000 books, built up a
program of high-speed digital engineer-
ing short courses at Oxford University,
raised two wonderful daughters, and
had the great pleasure of hearing from
engineers like you the technical minutia
of thousands of design issues, I began
planning the end of my seminar busi-
ness, and this, my last article for EDN.
I do not know what the next phase of
life will bring, but you can be sure that
whenever some new electronic develop-
ment comes forward, you will find me
sitting in front of it, transfixed, gazing
with the wonder of a small child.epn

Howard Johnson will teach his last public
seminar at the University of Oxford this
month. He wishes you the best of success
with your next product design and thanks
you for your interest in high-speed digital
design. If you appreciate his writing, please
let him know by making a small donation
to his favorite charitable foundation: www.
methowmusicfestival.org.
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BAKER'S BEST

BY BONNIE BAKER

Don’t be fooled by your
amplifier’s bandwidth

s we design our SAR-converter analog circuits, we may be
tempted to match the voltage-feedback amplifier’s data-sheet
bandwidth to the bandwidth of our analog signal source. We
keep the amplifier bandwidths as low as possible, because
faster amplifiers on the board potentially can produce lay-
out headaches. These layout headaches come from putting
higher-speed amplifiers in the circuit that are producing fast rise and fall
times. The faster signals have the potential to produce EMI signals that other
devices or traces on the board can receive, resulting in unexpected noise.

Given this scenario, it makes sense
to keep the bandwidth of the circuit’s
amplifiers as low as possible. With a
maximum signal frequency input from
dc to 20 kHz, one would think that the
required amplifiers would have very
low unity-gain bandwidths or a gain-
bandwidth product (GBWP).

On the contrary, you need higher-
speed amplifiers in the circuit for two
basic reasons. The primary reason is to
accommodate the lost bandwidth in
amplifier circuits that have a closed-
loop noise gain greater than one. The
other reason is to make sure the bits in

your system at the end of the signal path
can reliably convert the signal through-
out the entire system’s frequency range.

Figure 1 shows an example of how
the amplifier’s closed-loop gain affects
the system’s overall bandwidth. The
GBWP of this amplifier is 20 MHz. The
amplifier’s closed-loop gain is 10V/V, or
20dB. In our circuit, we already require
an amplifier that has a bandwidth that
is 10 times higher than our input signal.
You can see this by comparing the inter-
sect of the closed-loop gain (f, ;) with
the amplifier GBWP frequency (f,,)-

The amplifier characteristics shown
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in Figure 1 appear to be a perfect fit, but
we are looking for the correct amplifier
for a 16-bit system.

One sticky point with this circuit is
that the amplifier’s closed-loop gain is
not equal to 20 dB all the way up to 2
MHez. In fact, the closed-loop gain at 2
MHez is 17 dB. This is down 3 dB, which
is approximately 70.7% lower than the
closed-loop gain, or a 29.3% increase is
needed to get up to that curve.

Of course, the circuit’s closed-loop
gain does not instantaneously change
from 20 dB to 17 dB at 2 MHz. Instead,
it gradually gets closer to the closed-loop
gain curve starting about a decade before
2 MHz. A 20-MHz bandwidth for an
amplifier should be good enough, but
let’s do the math.

This intersection has a simple, first-
order attenuation. The correct formula
to determine the attenuation back

from the 3-dB point toward 0 Hz is
fi=t, wXV(AG (/AG,)—1, where A |
is the target closed-loop gain, A .
is the closed-loop gain at dc, f, is the
target frequency, and f, , is the corner
3-dB frequency of this amplifier system.
If you make A, | equal to 9.9988752,
which produces a ~0.0112% error at the
full-scale frequency, the bandwidth of
the closed-loop system is approximately
100 times lower than f, .

With our amplifier circuit, we are
not so lucky. We have a 20-kHz signal
that we need to increase by 10 times. At
the end of the signal chain, we have a
16-bit converter. We find that a 20-kHz
amplifier does not work for our circuit.
With a signal gain of 10V/V, or 20 dB,
the amplifier bandwidth needs to be at
least 10 times higher than the signal.
We also find that the amplifier band-
width needs to be at least 100 times
higher to maintain ADC integrity. This
situation places our amplifier unity-gain

bandwidth at 20 MHz. So much for low-
er-speed amplifiers.EDN

REFERENCE
ill “OPA353 data sheet,” Texas Instru-
ments, www.ti.com/opa353-ca.

Bonnie C Baker is a senior applications
engineer at Texas Instruments.
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The engineer’s mind

ith this being the final print issue of EDN,

I thought I’d cleave a piece off our recent

Mind of the Engineer study to provide a

view of your perception of the engineer-

ing mind, so this one’s all about you: what
you think of you, and what you think others think of you.
There are some surprises, some affirmations, and of course,
some fun twists.

The charts below at first look imposing, but here’s how
to read them: They show the mean aggregate of pairs of
opposing terms, which anchor either end of a scale (from
=5 to +5). For each pair of anchored terms, respondents
adjust this scale to more accurately express their sentiments
about engineers. In the case of Figure 1, your peers were
asked to review a series of words or phrases that might
describe how they view themselves as an engineer. In the
case of Figure 2, they were also asked how others (non-
engineers) generally view you, as engineers.

Some quick observations: We generally see ourselves
as being risk takers, extroverted, humble, and smart and
having a wide range of interests

Go to www.edn.com/learning/teardowns

for mor e Teardowns.

(Less ambitious? Settling?), and have a wider range of
interests (Done the engineering thing, now
what? Retirement?).

For many, Figure 2 will be rather amusing. We think
we're risk takers, humble, and ambitious and have a wide
range of interests, while we think others view us as risk-
averse, borderline arrogant, and not so ambitious and with
a very narrow range of interests. Could it be that we're a bit
misunderstood? Maybe even feared? For example, we think
others view us as smarter than even we think we are! Is that
even possible?

Like all studies, you could spend (Waste?) a lot of time
analyzing the conditions and parameters of the research:
the caveats, biases, sample numbers and source database,
culture, conditions, and on and on. Don’t do that. Just look
at the findings, have some fun with it, take away things
that correlate with your experience, and then send this to
someone who’s not an engineer. See what they think of us!

Add your comments, your observations, and your
friends’ feedback to this post at www.edn.com/4415695.

(Figure 2). As we mature in our
careers, however, we tend to take more

Narrow range Wide range of
risks, get less humble (More confident, of ntareots Intarasts
or worse, arrogant?), feel more content Aicioe Smart

Contented Ambitious
Tenured
—

Arrogant \ Humble
Figure 1 As we grow, we remain Prime Timers Just Starting
somewhat introverted but Introverted Extroverted
become a lot less humble (More
arrogant?), take greater risks, Plain Stylish
and have a wider range
of Interests. Risk-taker Risk-averse

Narrow range Wide range
of interests of interests
Average How engineers Smart
think others
Contented see engineers Ambitious
Arrogant Humble
Introverted \ Extroverted
How engineers Figure 2 Oddly, we think people
Plain see themselves Stylish view us as smarter than even
we think we are. How could that
Risk-taker Risk-averse possibly be?
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Managing complexity
and reducing risk

High-risk technologies exist everywhere. How should engineers respond?

By Kevin C Craig, PhD

his column, over the years, has had the theme that

human-centered, model-based design is the most direct

path to insight and innovation. The innovation dia-
gram (Figure 1) shows the added importance of viability
and sustainability, and also introduces the need to manage
complexity.

We are now surrounded by high-risk technological systems
in all aspects of our lives. Is the potential for catastrophic
failure inherent in the system itself, or in the way the system
was designed? Charles Perrow, in his most relevant book,
Normal Accidents (Princeton University Press, 1999), addresses
this question and develops an explanation based on system
characteristics.

Systems are fundamentally made up of components or
parts. A functionally related collection of components forms
a unit. An array of units forms a subsystem. Subsystems come
together to form the system. An acci-
dent is a failure in a subsystem, or
the system as a whole, that damages
more than one unit, and in so doing
disrupts the ongoing or future output
of the system.

What kinds of systems are prone
to system accidents! To answer
this question, you need to consider
two concepts: interactiveness and
coupling.

The notion of baffling system
interactions is increasingly familiar
to all of us. Interactiveness is not
a problem if the interactions are
expected and obvious. However,
components sometimes have a com-
mon-mode function in that if one
fails, other modes fail. The situation
then gets more complex. Ironically,
complexity is often added to a system
to reduce common-mode failures.

TECHNOLOGY
(FEASIBILITY)

HUMAN
FACTORS
(DESIRABILITY)
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@ \NOVATION HAPPENS

Figure 1 The innovation diagram shows the added
importance of viability and sustainability, and also
introduces the need to manage complexity.
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Proximity and indirect infor-
mation sources are two other
indicators of interactiveness.

Simple, comprehensible
interactions are predominant
in all systems. But as the com-
plexity of a system increases,
the probability that baffling,
unintended interactions exist
increases dramatically. This classification is fuzzy, and systems
must be characterized in terms of the degree of either qual-
ity. Complex systems are not undesirable. They typically are
more efficient with less slack, less underutilized space, less
tolerance of low-quality performance, and more multifunc-
tion components. But they also could have the potential for
catastrophic failure.

The second concept to consider is coupling. Tightly coupled
systems have more time-dependent processes, the sequences
are invariant, and there is little slack. The overall design of
the system allows only one way to reach the goal. Coupling is
particularly germane to recovery from inevitable component
failures. In tightly coupled systems, the buffers, redundancies,
and substitutions must be designed in; they must be thought of
in advance. In loosely coupled systems, there is a better chance
that expedient, spur-of-the-moment buffers, redundancies, and
substitutions can be found.

The world of systems can be
organized according to two largely
independent variables: loose ver-
sus tight coupling and predictable
versus baffling interactions. Loosely
coupled, predictable systems include
assembly-line production and most
manufacturing, while tightly cou-
pled, predictable systems include rail
transport and dams. Loosely coupled,
complex-interaction systems include
R&D firms and universities, while
tightly coupled, complex-interaction
systems include nuclear plants, air-
craft, and space missions.

There are no answers here.
Engineers must manage complex-
ity and prevent catastrophic failures.
Interactiveness and coupling are two
concepts that should aid engineers in
accomplishing that goal.Epn

BUSINESS
(VIABILITY,

BUSINESS
RESEARCH

COMPLEXITY
(USABILITY)
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COUNTING SQUARES:
A METHOD TO QUICKLY
ESTIMATE PWB TRACE
RESISTANCE

COMPLEX GEOMETRIES CAN BE BROKEN UP INTO DIFFERENT SIZE SQUARES
OF COPPER TO APPROXIMATE THE ENTIRE REGION OF INTEREST.

VINCENT SPATARO « BAE SYSTEMS

squares.” Using the method, you can make accu-
rate (within 10% or so) estimates of any trace
geometry in just seconds. Once you understand
the method, you simply divide the printed wire
board area that you want to estimate into squares
and then count all of the squares to estimate your

e often have a need to quickly
estimate the resistance of a
printed wire board trace
or plane without resorting
to a lengthy calculation.
Although printed circuit

board layout and signal-integrity computer pro-
grams exist that can accurately compute trace
resistance, we sometimes want to be able to make
a fast rough estimate as part of the design process.

A method that allows us to accomplish this
task with very little effort is called “counting

IMAGE: SHUTTERSTOCK
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total trace or plane resistance.

THE BASIC CONCEPT

The key concept in counting squares is that any size square
of printed wire board trace (of a given thickness) has the
same resistance as any other size square. The resistance of
the square depends only upon the resistivity of the conduct-
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ing material and the thickness.

This concept can be used on any
type of conducting material. Table 1
shows a number of common conductors,
along with their bulk resistivity.

For printed circuit boards, the most
important material is copper, which is
used to fabricate most circuit boards.
(Note that aluminum is used to met-
allize integrated circuit die, and these
principles apply there, too.)

Let’s start by looking at the square
of copper represented by Figure 1. The
copper has a length (L), and because it
is a square, a width (L). It has a thick-
ness (t), and the current flows through
the cross-sectional area of copper (A).
The resistance of this copper square is
expressed simply as R=pL/A, where L is
the resistivity of the copper (an intrinsic
property of the material—0.67 puQ in.
at 25°C).

But notice that the cross-section A is
just the length times the thickness. The
result is that the L in the denominator
cancels the L in the numerator, leav-
ing R=p/t. Hence, the resistance of the
copper is independent of the square’s
size. It just depends upon the resistivity

TABLE 1 BULK RESISTIVITY
OF COMMON METALS

USED FOR ELECTRICAL

INTERCONNECTS
Bulk resistivity

Metal (uQ-in.)
Aluminum 1.11
Copper 0.665
Gold 0.866
Molybdenum 2.24
Silver 0.642
Tungsten 2.13

Figure 1 A square of copper can be repre-
sented with a length (L) and, because it is
a square, a width (L) and a thickness (t).
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AT A GLANCE

Any size square of PWB trace
(of a given thickness) has the same
resistance as any other size square.

Accurate (~10%) estimates of
any trace geometry can be made
in just seconds.

The concept works on any type
of conducting material.

Bl The resistance of any size
square becomes a known
quantity once the copper weight
is determined.

Bl The resistivity of a corner square
counts as fewer squares due to
higher current density.

Bl Each via has a finite resistance
that must be considered in the
overall calculation.

of the material and the thickness.

If we know the resistance of any size
square of copper and if we can break up
the entire trace that we want to esti-
mate into a number of squares, then we
can simply add up (count) the number
of squares to find the total resistance of
the trace!

IMPLEMENTATION

To implement this technique, we need
only a table showing the resistance of a
square of printed wire board trace as a
function of the thickness of our copper.

1IN.

Copper thickness is commonly specified
by copper weight. For instance, 1 oz. of
copper weighs 1 oz. per square foot.

Table 2 shows four of the most com-
monly used copper weights and the
resistivity of each at 25°C and 100°C.
Note that the copper resistance increas-
es with increasing temperature, owing
to the positive temperature coefficient
of the material.

We now know, for example, that a
square of 0.5-0z. copper has a resistance
of about 1 mQ. This is regardless of the
size of the square. If we can break up the
printed wire board trace that we want
to measure into imaginary squares, then
adding up all of the squares in series will
give us the resistance of the trace.

A SIMPLE EXAMPLE

Let’s take a somewhat trivial example.
Figure 2 shows a rectangular trace of
copper, which is assumed to weigh 0.5
oz.at 25°C. The trace is 1 inch wide and
12 inches long. We can divide this trace
into a series of squares, each 1 inch long
on a side. There would be 12 squares
altogether. Since each square of 0.5-0z.
copper is 1 mQ according to Table 2,
and there are 12 squares in series, the
total resistance of the trace is 12 mQ.

WHAT ABOUT CORNERS?

Before we look at a less trivial example
to realize the power of this technique,
let’s look at a few refinements.

The first thing to realize is that, in

1 mQ

12 IN.

Figure 2 This example 1x12-in. rectangular trace of copper, assumed to weigh 0.5 oz.
at 25°C, comprises 12 squares in series, resulting in a total resistance of 12 mQ.

Thickness

Weight (oz.) (mm/mils)
0.5 0.02/0.7
0.04/1.4
2 0.07/2.8
0.13/5.3

L/({ TABLE 2 COPPER RESISTANCE VERSUS WEIGHT

mQ/square mQ/square
at 25°C at 100°C
1 1.3
0.5 0.65
0.25 0.36
0.13 0.18
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(a)

N

o WL

Figure 3 The previous example as-
sumed that current in the square flowed
in a straight line along the length of the
square, from one end to the other (a). If
current takes a right-angle turn in a cor-
ner square, as shown, we see that the
current has a shorter path to take in the
lower left section of the square than it
does in the upper right (b).

Figure 4 The higher current density result-
ing when current flows around a corner
means the resistivity of a corner square
counts as only 0.56 squares.

[www.edn.com]

the previous case, we assumed that cur-
rent in our square flowed in a straight
line along the length of the square,
from one end to the other, as illus-
trated in Figure 3a. However, if cur-
rent is taking a right-angle turn—for
example, in a corner square, as shown
in Figure 3b—the situation is a bit
different.

Here we see that the current has a
shorter path to take in the lower left
section of the square than it does in
the upper right. As a result, the current

JOIN THE
CONVERSATION

To comment on this article, go
to www.edn.com/4411971.

tends to crowd in the lower-resistance,
lower-left-hand section. The resultant
current density is higher in this section
than what we see in the upper-right-
hand section. The spacing of the arrows
illustrates this disparity in current den-
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sity. As a result, the resistivity of a corner square counts as
only 0.56 squares (Figure 4)'.

Similarly, we can make corrections for connectors that
are soldered onto a printed circuit board. Here we make the
assumption that the resistance of the connector is negligible
compared with the resistance of the copper board.

e

w w 3w
3w
@ ~<— 0.65 SQUARES —{
-— \\| —
w w 2w
)
W/2
¥
~— 0.35 SQUARES—™
(b)
‘4— W/2 ——‘
W/4
w W/2

Wr4

0.14
(c) T SQUARES — ™

Figure 5 For the case of a connector soldered onto a board, we
make the assumption that the resistance of the connector is negligi-
ble compared with the resistance of the copper board, resulting in a
lower estimate of that square’s resistance. Shown are three connec-
tor-pin configurations and their equivalent square counts: equivalent
to 0.65 squares (a), 0.35 squares (b), and 0.14 squares (c).
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We can see that if a connector occupies a significant por-
tion of the copper square that is being evaluated, the resis-
tance of that square should be commensurately lower. Three
connector-pin configurations and their equivalent square
counts' are given in Figure 5. The shaded regions represent
the connector pin in the field of copper.

A MORE COMPLEX EXAMPLE

Let’s now look a less trivial example to see how we can use
this technique. Figure 6a shows a more complex shape that
would require some work to calculate its resistance. Our
assumption for this example is that we are using 1-oz. copper
at 25°C, and current is flowing along the entire length of
the trace, from point A to point B. Connectors are placed
at each end, A and B.

Using the same technique discussed previously, we can
break the complex shape into a series of squares, as shown
in Figure 6b. The squares can be any size that is convenient,
and different size squares can be used to fill the entire area of
interest. As long as we have a square and the weight of the
copper trace is known, we know the resistance.

We count six full squares, two squares containing con-
nectors, and three corner squares. Because 1-oz. copper has
a resistance of 0.5 mQ per square, and the current flows
linearly through six full squares, the total resistance for these
squares is 6X0.5 mQ=3 mQ.

Then we add the two squares that have connec-
tors attached, which count as 0.14 squares each (Figure
5c). Therefore, the two connectors count as 0.28 squares
(2x0.14). For our 1-o0z. copper, this adds 0.14 mQ (0.28%0.5
mQ=0.14 mQ).

Lastly, add the three corner squares. These squares count
as 0.56 squares each, contributing a total of 3x0.56x0.5
mQ=0.84 mQ. So the total resistance from A to B is 3.98
mQ (3 mQ+0.14 mQ+0.84 mQ).

To summarize, we have the following:

e Six full squares at 1=6 equivalent squares; two connec-
tor squares at 0.14=0.28 equivalent squares; and three corner
squares at 0.56=1.68 equivalent squares

e Total equivalent squares=7.96 equivalent squares

eResistance (A to B)=7.96 squares at 0.5 mQ per
square=3.98 mQ
The technique can be easily extended to more complex
geometries. Once the resistance of a particular trace is
known, it is simple to calculate other quantities of interest,
such as voltage drop or power dissipation.

TABLE 3 RESISTANCE OF COMMON VIA SIZES

Via-hole diameter
(mils) mQ 25°C mQ 100°C
12 4.3 5.6
14 | 3.6 4.7
18 | 2.8 3.6
20 | 2.5 3.2
24 | 2.1 2.7
30 | 1.6 2.1
38 | 13 17
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(a)

Figure 6 A more complex shape—
an arbitrary shape with connector
pads—would require some work
to calculate its resistance (a). The
complex shape can be partitioned
into a series of squares, which can
be any size that is convenient (b).

(b)

WHAT ABOUT VIAS?

Often, printed wire traces or planes are
not confined to a single layer but con-
tinue on a different layer in the stack-
up. Vias are used to connect traces
together on different layers. Each via
has a finite resistance that must be con-
sidered in the overall calculation of the
trace resistance.

Generally, vias constitute series-
resistance elements when they connect
two traces (or planes) together. Multiple
vias are frequently employed in parallel
to reduce their effective resistance.

The calculation of via resistance is
based upon the simplified via geometry
shown in Figure 7. Current flows along
the length of the via (L), as indicated by
the arrow, and through a cross-sectional
area (A). The thickness (t) is based
upon the plated thickness of copper
inside the walls of the via.

After some simple algebra, the resis-
tance of the via is expressed as R=pL/
(m(Dt—t?)), where p is the resistivity of
plated copper (2.36 uQ-in. at 25°C).
Note that the resistivity of plated cop-
per is much higher than that of pure
copper. We can assume that t, the thick-
ness of the plating in the via hole, will
generally be 1 mil, regardless of the cop-
per weight of the board. For a 10-layer

LIKE THIS?

€

For more articles like this

one, go to www.edn.com/
design/components-and-
packaging.
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board, built using 3.5-mil cores and
2-0z. coppet, L is about 63 mils.

Based on these assumptions, Table
3 shows commonly used via sizes, along
with their resistances. We can easily
ratio the numbers up or down for our
particular board thickness. Alternately,
a number of free, easy-to-use via calcu-
lator programs are available online?>.

A simple method of estimating the

CURRENT
FLOW

Figure 7 The calculation of via resistance
is based on the simplified via geometry
shown. Current flows along the length

of the via (L), as indicated by the arrow,
through a cross-sectional area (A). The
thickness (t) is based on the plated thick-
ness of copper inside the walls of the via.

dc resistance of a printed wire board
trace or plane was presented. Fairly
complex geometries can be broken
up into various size squares of cop-
per to approximate the entire region
of interest. Once the copper weight
is determined, the resistance of any
size square becomes a known quantity.
The estimation process is then reduced
to simply counting the squares of
copper.EDN
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BY SUZANNE DEFFREE

here’s a growing design trend,
some even say there’s a revo-
lution brewing, that’s begin-
ning to have an impact on
the world of design and how
engineers go about innovat-
ing. Open source—buoyed
by the likes of Raspberry
Pi, Arduino, 3-D print-
ing, embedded Linux, and strong community
knowledge sharing and feedback—is coming to
the world of hardware faster than many may
think, and with it could come an increasingly
democratized approach to the design cycle.

In the world of open source, hardware is
years behind software, which is predominantly
led by Linux. And there’s a key reason for the
discrepancy: Hardware is physical, making it
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more costly and difficult to reproduce. Beyond
that, licensing can still be nebulous in some
cases, and concerns about IP theft and who
profits also hold some back.

But the benefits—including the ability to
prototype quickly off of existing, shared work,
input from user communities, and low cost or
no cost to entry—outweigh the concerns for
many design engineers, makers, hackers, or
hobbyists, as well as young companies such as
SparkFun and Gadget Factory and even more
established industry players. These benefits,
for many, enhance professional engineering.
And open-source hardware is finding its way
into designs for everything from fun facial-
recognition cameras that add mustaches to
photos, to smart watches, to the technology
used in the Red Bull Stratos space jump.
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The definition of what is open source
and what is not can be somewhat foggy,
varying from company to company or
engineer to engineer. According to the
Open-Source Hardware Association
(OSHWA):

Open-source hardware is hardware
whose design is made publicly available so
that anyone can study, modify, distribute,
make, and sell the design or hardware based
on that design. The hardware’s source,
the design from which it is made, is avail-
able in the preferred format for making
modifications to it. Ideally, open-source
hardware uses readily available compo-
nents and materials, standard processes,
open infrastructure, unrestricted content,
and open-source design tools to maximize
the ability of individuals to make and use
hardware. Open-source hardware gives
people the freedom to control their technol-
ogy while sharing knowledge and encourag-
ing commerce through the open exchange
of designs.

What can’t be defined, however, are
the spirit and passion that open-source
hardware ignites in some engineers and
developers. Such an excitement is evi-
dent at events such as Burning Man
and Maker Faire, where creativity, often
expressed through open-source hard-
ware, is put on display.

Atmel Corp, for one, has for years
been cheering on Arduino, a leading

Y| |
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AT A GLANCE

Open source can enhance
professional engineering and design
by expanding the creative pool,
offering routes to quick prototyping,
and encouraging learning and
knowledge sharing.

Bl User feedback from open-source
communities becomes invaluable as
part of an increasingly democratized
approach to design.

It’s not just start-ups and
independent hackers and makers
involved in open source. Established
electronics-industry players include
Atmel and Texas Instruments.

B “Free” and “open source”

are different things, with the
definitions of open-source hardware
and open-source software largely
dependent on licensing.

Bl Open source can be profitable,
with some open-source hardware
companies showing tremendous
growth and profit.

open-source electronics prototyping
platform and community. The company
continues with its traditional lines but
has also begun incorporating Arduino
into some products, and showed off its
Arduino development boards
based on Atmel AVR UC3,
megaAVR, and SAM3X8
ARM processor-based MCUSs
at last month’s Maker Faire
Bay Area.

Open-source design wins
for Atmel include the Agent
Smart Watch, prototyped on
an Atmel SAM7X-powered
Netduino open-source
electronics board. Built by
Secret Labs and House of
Horology and introduced
on Kickstarter, Agent had
received more than $850,000
in funding as of press time for
this article, a whopping eight

Bob Martin, Atmel’s ap-
plications manager, hacks a
hexbug and puts in an Atmel
microcontroller so the bug
has intelligence during Maker
Faire Bay Area 2013 in May.

and a half times its original $100,000
goal. The smart watch is expected to
ship this fall with a finished dual-pro-
cessor design, using an Atmel SAM4S
microcontroller and a tinyAVR.

Eric Weddington, open-source com-
munity manager at Atmel, notes that
there’s been a major increase in the
number of companies that are using
Ardunio and open-source hardware for
prototyping and then further on in prod-
uct development. “Democratization of
engineering: We're already seeing that
happen,” says Weddington. “Arduino
has made it so easy to get involved in
a complex subject, embedded engi-
neering, which in the past has been
the purview of engineers who have a
wide range of skills, both hardware and
software, in dealing with conflicting
restraints and requirements, especially
in deeply embedded systems. It has been
a kind of very exclusive party of people
who can work in embedded systems.
But with open-source hardware and
Arduino, and open-source software,
it has become so easy to use that all
of these people who have never had a
chance to do [embedded engineering]
before can be brought in. That, to me, is
the story. It opens up a lot of creativity.
People come up with all sorts of uses for
the Arduino.”

Atmel is not the only big-name
player in electronics engineering to
broaden its scope and include open
source in its strategy. Texas Instruments
Inc supports open source through its
LaunchPad kits and BeagleBoard and
BeagleBone products. BeagleBoard.
org—a community where professional
developers and hobbyists alike collabo-
rate, showcase projects, ask questions,
and offer feedback—Ilaunched in 2008
and now averages 50,000 hits per week
as one of the most active open-source
communities in the industry.

TI’s latest addition to the Beagle
family is the $45, 1-GHz BeagleBone
Black open-source Linux computer,
released at DESIGN West in April
and based on the company’s 1-GHz
Sitara AM335x ARM Cortex-AS8 pro-
cessor. More than 30 plug-in boards,
which the BeagleBoard.org commu-
nity calls “capes,” are compatible with
BeagleBone Black, and more capes are
expected. Integration of BeagleBone
Black with these capes—such as 3-D
printers, a DMX lighting controller,
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The Agent Smart Watch, prototyped
using an Atmel SAM7X-powered
Netduino, offers two-way communication
to smartphones, wireless charging, and
long battery life.

a Geiger counter, a telerobotic sub-
marine, and LCD touch screens—so
far has received positive reviews.

Black has even gotten a thumbs-
up from Limor “Ladyada” Fried,
recently named Entrepreneur maga-
zine’s Entrepreneur of the Year in the
established-engineer category for her
work as a longtime supporter of open-
source design and founder of Adafruit
Industries, which is selling the Black
platform.

Jason Kridner, co-founder of
BeagleBoard.org and TI software archi-
tecture manager for embedded proces-
sors, points out that there’s a difference
between free hardware and open-source
hardware. “You can have things that
are freely available, but there can still
be things in the licensing terms that
restrict where you can go and what you
can do with it. Whether or not it’s open
source is really just in the license terms,
not in how much you pay for it or don’t
pay for it,” he explains. “Sometimes
there are things where you need to con-
tribute back, and that’s an important
part of growing the community. But for
the most part, we [at TI] try to make
sure you can do what you want, and for
certain that you can do what you want
with the hardware.”

42 EDN | JUNE 2013

Contributing back often comes in
the form of feedback in such open-
source communities. “The most valu-
able element that the community lends
is the improvement cycle, the feedback
cycle,” says Chris Taylor, an engineer
at 10-year-old SparkFun Electronics, an
open-hardware company that’s growing
quickly with more than 130 employees
and 450 original products.

“In our case at SparkFun, when we
post a design’s code online and some-
one takes that code, uses it, and finds
an improvement or an error, we can
make the improvement immediately,
thanks to the community,” Taylor adds.
“If the hardware has an improvement to
be made, that is put as a comment on
the product page as a forum. Because
it’s open source, anyone can make an
improvement, and when SparkFun
sees it, they put the improvement into
the revision cycle. So the next version
of that product is going to be better
because of that community. That feed-
back, coupled with agility to turn out a
new product, is the benefit to having
the open-source community.”

Gert van Loo, who developed the
prototype of the extremely popular
Raspberry Pi board and created the
Gertboard, an IO expansion board
for the Raspberry Pi with a lot of flex-
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The $45 BeagleBone Black is a credit-
card-sized, Linux computer open-
hardware and -software development
platform.

ibility, points out that the Pi would be
nowhere without community feedback.
The Pi was created to spur creativity
and computer science and engineer-
ing learning—a goal it has achieved
tremendously—but van Loo notes that
the low-priced board never would have
achieved this without nourishment
from the open-source community.
“The plan has always been from the
beginning to throw a lot of boards into
the community, and then quite a lot of
the development for the education, sup-
port, software, and drivers, all that stuff
that you needed, would come back from
open source again. That was always the
idea,” he says. “At the beginning, it
was very clear that the final target was
education, but the first batch that went
out into the world we knew would defi-
nitely not be going into education. That
would have been a disaster. This line
of development, envisioned by [Eben
Upton, founder of the Raspberry Pi
Foundation], was the initial target we

followed.”

SKILLS, BUT CAN THEY PAY
THE BILLS?

While all of this giving back is wonder-
ful knowledge sharing, the big question
to some engineers then becomes one of
income and payment for IP. How will
the individuals who participate in these
communities benefit if they do so for
free? Who’s getting paid?

“The Linux foundation has good
stats in this,” says Brad Dixon, director
of open source and tools solutions at
Mentor Graphics Corp, which plays in
open source with its Embedded Alley
runtime Linux and Android offerings
and CodeSourcery GNU-based tool-
chains for embedded development.
“It’s a myth that people think the
Linux kernel is created by hobbyists
at home. The overwhelming majority
of people who contribute to Linux do
so because it’s their job and they get
paid to do it. People contribute because
they get paid.

“Often you see people contrib-
ute because it benefits them. There’s
an issue they’'ve struggled with, and
they know that if they can make the
improvement they won’t have to fight
it again. Or, in many cases, they want
to get into a field and this is their way
to audition, to be part of a global tal-
ent pool. We have a number of engi-
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Gert van Loo sets up a Gertboard at a workshop during April’s DESIGN West 2013
event. Everyone who attended this session received a free Gertboard provided by

Newark elementi4.

neers [at Mentor] that we’ve met along
the way in the open-source world that
we've [invited] to come work for us.”

When it comes to open source as a
base for a start-up business, things can
get tricky, say the founders of Gadget

Factory, the four-year-old company
behind the Papilio FPGA platform,
that is quickly making a name for itself.

“Without open source, none of the
products we’ve made so far would even
exist. That’s why all of our boards are
open source. We want people to be able
to build on top of what we’ve done,”
says founder Jack Gassett.

But Gassett believes there needs to
be another revision of the open-source-
hardware (OSHW) license to allow for
better commercial licensing. “At the
end of the day, we live in a capitalis-
tic society. Open source is sometimes
at odds with that,” he explains. “We
are running a business, and our inten-
tion is to build the business and make
money. We continue to gather resources
so that we can continue to invent and
bring new products to the market, but
neither one of us are setting out to be
millionaires.”

Adds his partner, Kalesh Weaver, a
former hacker, “Open source isn’t say-
ing don’t make money; it’s saying the
information is free. Every successful
open-source community has a success-
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ful side commercial community, usually
made of the developers who first started
working on it and know it best. Don’t
those people deserve to be paid to keep
working on it?

“Look at the Internet and freedom
of information. It’s changing cultures
across the world. And that’s what the
hackers have said all along: We can’t
stop it; just find your niche and do it
well, and someone will compensate you
for it.”

As a group, the OSHWA is review-
ing licensing as part of exploratory
meet-ups it calls “document jams,”
where active OSHW developers gather
to discuss and look for ways to make
more standardized open-source design
documentation. This includes unclear
licensing and fear of infringement on
IP rights that the group believes may
discourage people from producing
documentation. Says the OSHWA,
“Documenting involves reuse of con-
tent from other sources. If people do
not understand IP licenses or have lit-
tle understanding of their own IP rights
to use content, they may be afraid to

contribute documentation. A clear
how-to on open hardware documenta-
tion [P issues, as well as a legal support
framework, can mitigate this.”

That’s not to say that closed-source
hardware doesn’t have its own set of
licensing and IP issues, nor to sug-
gest that open-source hardware design
immediately comes with licensing and
[P problems.

“You always have to understand the
license under which you acquire intel-
lectual property. Whether it’s an open
license or closed license, you have to
understand what you are getting,” TI’s
Kridner says. “An open nature doesn’t
necessarily generate a problem; you just
always need to be aware of the terms
under which you acquire intellectual
property.”

NEAR-TERM LIMITS, BUT
WITH LIMITLESS POTENTIAL

Clearly in the near future, engineer-
ing won’t jump to entirely open-source
hardware design, just as all software
design has not become Linux based.
But there’s tremendous potential ahead

LIKE THIS? %

For more open-source articles,
products, and projects, visit
EDN’s DIY Design Center at
www.edn.com/design/diy.

for enhanced design as more individual
engineers and companies embrace it.

“There’s no such thing anymore
as hobbyist hardware,” van Loo says.
“Processors and PCB electronics are no
longer simple to develop. That’s a rea-
son why open-source hardware is gain-
ing place. A high-end processor is not
trivial to design anymore. On the other
hand, for a big company it’s peanuts
compared to what they spend on mar-
keting and everything else.

“[Open-source hardware] makes it
easy to select a processor, try it out, and
a lot of amateurs can use it, but it only
goes so far,” he adds, cautioning against
the use of current open-source hardware
in areas that have to be absolutely safe
and excessively tested, such as automo-
tive and military.
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OPEN-SOURCE HARDWARE:
ARE YOU ON BOARD?

We recently asked EDN.com’s community of engineers if they were on
board with open source. Here’s what some of you said:

» “] view open-source hardware as like any other tool ... it has a time

and a place where it is the right thing to use. Would | use open-source
hardware for an actual production product? No, simply because of the re-
quirements needed for the industries | am involved in.” —sam512bb

» “After one of the staff engineers converted our teaching lab over to
Arduino, I’'ve been hooked. The ability to prototype so quickly and cheaply
overcomes so many of the drawbacks of open-source hardware for test,
measurement, and prototyping.”—Casey H

» “l am actually about to start a computer project with my university club.
1 guess we’ll put it as open-source hardware/software. In that way, even
after we leave [university], the project will continue to live, hopefully ... ”

—Ajmali4

> “If | publish my design as open source, it prevents anyone else from pat-
enting it and preventing me from using it without paying them a licensing

fee.” —Douglas.Butler

Share your own thoughts at www.edn.com/4412385.

Still, open-source hardware and its
simple systems are part of a broader
change. “Open-source hardware is just
one component of the democratization
of manufacturing overall,” says TI’s
Kridner. “There’s an outburst of maker
spaces and hacker spaces. There’s been
the development of tools around laser
cutters and 3-D printers, and all these
things that you need to do professional-
grade manufacturing seem to be acces-
sible to the average person. That’s really
democratizing manufacturing.”

Indeed, when companies such as
Cooking Hacks can offer an Arduino-
based 3-D printer kit for around $850
that allows for inexpensive and quick
production of mechanical parts for pro-
totyping (see page 14), there’s a poten-
tial shift in design methodology.

“We’re getting closer and closer
to being able to e-mail someone a
design and print out a cell phone,” says
SparkFun’s Taylor. “People are taking
closed-source designs and replicating
them, scanning them into 3-D files, and
printing them out on 3-D printers.”

But that’s not coming tomorrow,
or the day after, for that matter. And,
although open source will allow for more

[www.edn.com]

amateurs to engineer, the role of the
professional engineer only enhances.

“Democratization of engineering,
overall, really enlarges the pool of cre-
ative ideas that can get to market, but
we also have to differentiate between
the types of ideas that can get to mar-
ket without the formal engineering,
the more professional engineering,”
says Atmel’s Weddington. “Blinking a
light is always mentioned in embedded
systems as the ‘hello world’ application.
It’s easy to do something like that. But
you really need the professional engi-
neering background if you are going
to develop something like a medical
device or avionics on a plane. I don’t see
the democratization of hardware taking
away from the traditional professional
engineering group at all; I just see it as
adding to it.”

You can reach
Executive Editor

at 1-631-266-3433
ana suzanne.
deffree@ubm.com.
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BY JACOB BENINGO - BENINGO ENGINEERING

10 tips for maximizing

battery life

ortable, battery-powered devices are sweeping

through society like wildfire. Mobile computing

and sensor devices are springing up everywhere,

providing engineers with not only a plethora of

data but also applications. Requirements often

dictate constraints on size and weight that limit
how much capacity the battery can carry. The number of
features on devices in addition to the time between charges
make it very challenging to near impossible to meet the
requirements.

Selecting a low-power microcontroller is an obvious first
step, but there are a number of software and hardware tips that
can be followed to ensure that every last milliampere-hour of
charge is put to good use.

TIP #1: CREATE A BATTERY BUDGET

Early in the design cycle it is highly recommended that you
put together a battery budget. Current requirements for each
device on the board can be tallied to obtain a rough idea of
how much battery current is going to be needed and whether
the selected battery is up to the job. Device data sheets have
gotten fairly good at providing minimum, typical, and maxi-
mum current data.

Taking a very conservative approach, a battery budget
could be based solely on the maximum current values for the
devices. An Excel worksheet is easy to duplicate, however,
and creating a budget for both typical and maximum current
data will produce a good ballpark range.

If more battery is needed than is available, please don’t just
move forward on the project! Make the necessary changes up
front to spare weeks or months of heartache down the road!

Figure 1 shows an example battery-budget template that can
be downloaded from http://bit.ly/1 7XMtfe.

TIP #2: SET UNUSED MCU 1I/0 TO LOWEST
POWER STATE

It is easy to overlook what should be done with an input/
output pin that is not being used. This oversight, however,
can be the difference between having a marketable product
and an expensive paperweight.

Each microcontroller has different recommendations on
what to do with unused pins, and close ex amination of the
data sheet will reveal what should be done. For example, an
unnamed silicon-vendor data sheet recommends that any
unused I/O be set as an output and driven low. The purpose
of this approach is to minimize leakage and quiescent currents
in an effort to minimize power usage. These currents are tiny,
but each unused pin adds to this loss, and over the period of
a day can be a substantial amount of battery life.

TIP #3: TURN OFF UNUSED MCU PERIPHERALS

Just like in any home, if you aren’t in a room, then the light
should be turned off to conserve energy. It is the same thing
with a microcontroller. If there is an unused peripheral such
as an analog-to-digital converter or a pulse-width modulator,
turn it off to save power!

Peripherals can be quite a power hog! For fun, pick out a
favorite microcontroller and scroll through the data sheet’s
power section to see how much current is being drawn by each
peripheral. Some providers don’t include this information,
and it is up to the engineer to set up some hardware on the
bench and then, using test software, turn peripherals on and

off, one at a time, to get an

understanding of the current

Early in the design cycle, it is highly recommended that you put together a battery budget.
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to different peripherals within a microcontroller requires the
use of energy! There are internal clock gates that need to be
powered up in order to propagate the clock. These gates use
voltage and a small amount of current. To help minimize the
power profile of the MCU, turn off any unused clocks. It may
be only a small amount, but once again, the laws of addition
can be staggering!

TIP #5: USE POWER-SAVINGS MODES

Every modern microcontroller has some type of power-savings
mode. The idea is that the processor and peripherals can be
put into a near-shutdown or stopped state that minimizes
power usage but still allows them to return to normal opera-
tion very quickly.

Most microcontrollers will have at least three power
modes, but more sophisticated processors can have in excess
of seven! The common modes are run, idle, and standby.
Examining a data sheet from one particular vendor revealed
that run mode consisted of a current draw of 24 mA, idle
mode of 5.6 mA, and standby mode of 0.1 mA. What a dif-
ference! Proper use of the power-savings mode can account
for a very big increase in battery life.

TIP #6: THROTTLE THE SYSTEM CLOCK

The clock frequency at which the MCU runs is one area that
has the potential to squeeze a lot of extra operating time out
of the battery. There is a direct linear relationship between
the frequency of the CPU clock and the amount of current
that is drawn to operate the microprocessor.

Take a look at Figure 2; the higher the frequency, the
higher the current draw. Throttling the microcontroller clock
up and down is a great way to save power. When a math-
intensive or fast operation needs to be performed, speed up
the clock. When the task is done and the system is operating
at a lower frequency, clock it down. Throttling the system
clock has the potential to add hours of operating time to the
battery life.

Be aware that this endeavor can be complicated. Any
peripheral that is dependent on the clock may also need to
have its clock dividers updated in order to maintain the same
rate of operation.
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There is a direct linear relationship between the
frequency of the CPU clock and the amount of current that is
drawn to operate the microprocessor.
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Readers weighin

“] have used PIC micros for years. | have a
keyboard that runs on a CR2032 lithium, has IR
interface, and is used daily for several hours.
Battery life about 18 months. The key was to
switch off the watchdog and brownout detector
and sleep mode between key strokes, then wake
up on key press. This dropped the quiescent cur-
rent from 20 pA to significantly less than 1 pA on
a PIC16LF628A. Clearly in some applications a
watchdog is desirable/essential.” —Bellaire

“Nice tips. Concerning #9: There is no ‘diode
drop’ when the FET is ON, because the FET’s
‘parasitic diode’ is parallel to the FET’s channel.
However, someone should be concerned about
the way that the FET is connected. Its parasitic
diode must be reverse biased so that no current
passes through (i.e., no supply voltage exists) on
the device side when the FET is OFF.” —G.K.

“Be careful if you specified a lithium-thionyl
chloride battery. These batteries suffer from pas-
sivation and die if you don’t draw current from
them. Take into account that the internal leakage
current in the battery can be the biggest drain in
devices that, like cats, spend most of their lives
asleep.” —Battar

“Sometimes it is useful to start with some kind
of battery estimator (Freescale, Silicon Labs), but
you are depending on correct data from the com-
pany. For the wireless protocols it is sometimes
not easy to set duty cycles for worksheets. | use
supercaps (0.5-1F) instead of batteries to com-
pare various SW modifications in sensors.” —gt

“A good checklist that focuses mainly on the
MCU. Thanks.

More can be done, especially regarding power-
saving circuit design. Quite often you can signifi-
cantly lower the power consumption of ‘low-pow-
er’ devices through good circuit design, although
you may need to do some fundamental design us-
ing discrete components and Spice simulations.
We are just completing an industrial wireless
multisensor unit that runs for 10 years solely on
primary cells. It is a challenging and interesting
project where even the wireless protocols are
power-optimized.” —Dale Shpak

JOIN THE CONVERSATION

To share your own comments on this
article, go to www.edn.com/4413562.
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TIP #7: USE EFFICIENT ALGORITHMS

The idea of using efficient algorithms is to get at the fact
that the more time that is spent in a low-power mode
and a throttled-back frequency, the longer the battery is
going to last. Using algorithms that are fast and efficient
will result in the system’s spending more time in power-
savings modes.

Power-savings modes use only a fraction of the current that
batteries use when in full-tilt mode. Try to design the software
and the system to do what needs to be done and then get into
a low-power mode. The result will be not only longer battery
life but also, possibly, a smaller, lighter, cheaper battery!

TIP #8: WATCH FOR DEVICES WITH HIGH
LEAKAGE CURRENT

When circuits are being designed, make sure that the leakage
and quiescent currents are well understood. If necessary, pro-
totype out the circuit and verify what the current draw of the
circuit is. Things to watch for are devices with high standby
currents and low-valued pull-ups or pull-downs. Make sure
that this information gets put into the battery budget!

4.2

3.8
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3.2
3 |
0 50 100 150 200 250 300 350 400 450 500
@) TIME (SEC)
0.1
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0 50 100 150 200 250 300 350 400 450 500
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One of the best ways to understand the battery
performance of the system is to include two simple circuits to
monitor battery voltage and current. Shown are an example
battery voltage (a) and current (b) over the course of a single
discharge cycle.
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For more from Jacob Beningo, see his Embedded
Basics blog at www.edn.com/4375394.

TIP #9: SELECT EXTERNAL DEVICES THAT CAN
BE TURNED OFF

During the hardware design when components are being
selected, it can be extremely useful to select sensors and
external components that have low-power modes themselves
or that can be switched off. External parts such as EEPROMs,
flash, and sensors usually support low-power modes. When
they don’t, there are a couple of methods that can be used to
disable them. One option is to design in a switch such as a
FET to turn power on and off for the device. One issue with
this approach, however, is that the engineer can’t forget that
there is a diode drop of at least 0.3V and up to 0.7V, which
can affect the operation of the device. The second option for
disabling external parts is to use a regulator that includes an
enable/disable pin.

TIP #10: ADD A VOLTAGE- AND CURRENT-
MONITOR CIRCUIT TO THE DEVICE

Engineers rely on data in order to make design decisions. In
many cases, battery-life optimizations are the last thing done
on a project. All other features are implemented first and
then, before the product rolls off the production line, the
team scrambles to improve battery life.

One of the best ways to understand the battery per-
formance of the system is to include two simple circuits
to monitor battery voltage and current. This informa-
tion can then be logged and used to determine discharge/
charge cycles, determine steady-state currents, and really
understand how the system is operating from a power-usage
standpoint. Figure 3 shows an example battery voltage and
current over the course of a single discharge cycle. Armed
with this tool, the savings of each tip can be determined as
it is implemented!

Using these tips, it is possible to tame even the most
unwieldy of power-hogging devices. It is important to keep
in mind, though, that while these tips will decrease system
power and improve operating efficiency, they need to be uti-
lized during the design cycle and shouldn’t be thought of as
a last-ditch effort to get a product out the door. With a little
luck, that new sensor design will have enough battery life to
last a long time. Happy power savings!Ebn
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High Input IP3 Mixer Endbles Robust VHF Receivers

Design Note 515
Andy Mo

Introduction

An increasing number of applications occupy the
30MHz to 300MHz very high frequency (FHF)
band. Television and radio broadcasting, navigation
controls and amateur radios are a few examples.
Modern RF component development is aimed at
much higher frequency bands used for voice and
data communications systems. Significant advance
in circuit techniques and manufacturing processes
are required to meet the demanding performance
requirements of the next generation of radios. Applying
these techniques to lower frequency designs can
significantly improve performance.

The LTC®5567 is a wideband mixer designed and
optimized for performance in the 300MHz to 4GHz
frequency band. To create very compact circuit

LOIN

implementations, the LTC5567 contains integrated
RF and LO transformers. The Input IP3 linearity
performance benchmark is an excellent 30dBm for
the LTC5567 in its specified frequency range. Going
lower in frequency requires the built-in transformers
to maintain this linearity as well as conversion gain.
With such a high level of linearity to start from, it
is worthwhile to modify the mixer circuit design
and characterize the performance over lower VHF
frequencies. The proof of performanceisinthetesting.

Impedance Match Design

Figure 1 shows an impedance match design with the
LTC5567. Table 1 shows the design values extending
input port match below 300MHz, down to 150MHz,
LY, LT LTC, LTM, Linear Linear Technology, and the Linear logo are registered

trademarks of Linear Technology Corporation. All other trademarks are the
property of their respective owners.
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Figure 1. VHF Mixer Design
Table 1. VHF Impedance Match Design Values
MATCH | RF INPUT L3 C4 LO INPUT L4 C6
A 150MHz | 8.2nH | 56pF 200MHz | 3.9nH | 47pF
B 200MHz | 6.8nH | 39pF 250MHz | 2.7nH | 33pF
C 250MHz | 3.9nH | 27pF 300MHz | 1.5nH | 27pF
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while still achieving outstanding performance. Test
results are also provided.

Figure 2 shows the LTG5567 mixer gain and input IP3
versusinputfrequency. The mixerlinearity performance
improves as input frequency approaches 150MHz. In-
put, LOand output port return loss measurements are
shown in Figures 3, 4 and 5, respectively. The overall
performance is maintainedinthe VHF range compared
to higher input frequencies. As a result, the high IP3
and conversion gain yields maximum dynamic range
when used in radio designs. Higher dynamic range
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Figure 2. Mixer IIP3 and Gain Performance Results
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minimizes adjacent channel interference, improving
selectivity. Operating the LTC5567 below 150MHz
input is possible with reduced conversion gain, but
not recommended, due to the internal transformer
becoming lossy.

Conclusion
The LTC5567 offers very high linearity performance
at VHF and UHF input frequencies. High IP3 figures
and P1dB in (Table 2) make it an excellent choice for
high performance radio design over a wide range of
frequencies.
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Figure 5. IF Output Return Loss
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Table 2. P1dB Compression Point and LO Leakage
g‘é?.ro Input Frequency. Qutput Frequency = 50MHz,

RF INPUT FREQUENCY | P1dB | LO TO IF LEAKAGE
(MHz) (dBm) (dBm)
150 12.29 35
160 12.9 42
170 12.9 —42
180 12.75 —42
190 12.70 4.2
200 11.61 43
210 12.48 43
220 127 —44
230 1.7 —44
240 11.08 —44
250 12.89 —44
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Derive an efficient dual-rail
power supply from USB

RO Ocaya, University of the Free State, Phuthaditjhaba, South Africa

N When designing low-power USB
circuits that require power-supply
voltages other than 5V, you must decide
whether to use a separate battery or a
physically small mains-based power
source. The problem is particularly trou-
blesome if the circuits to be powered
require dual rails greater than 5V, such
as instrumentation amplifiers based on
operational amplifiers, or must be run on
portable computers, such as laptops.
The USB 2 standard specifies the
power requirements of a connected
device as either low power if it consumes
at most 100 mA, or high power if it con-
sumes up to 500 mA. The origin of the
circuit described here is the design of a
thermoluminescence (TL) instrument
for which the microcontroller, the USB-
interface controller, and 10 operational
amplifiers are all powered from a stan-
dard USB port as a low-power device.
The operation of the device requires
high-efficiency performance with little
noise pickup and keeping radio-fre-
quency emission from the system as low

SWITCH

[

Figure 1 This basic flyback converter
pumps magnetically stored charge into fil-
ter capacitor C when the switch opens.

[www.edn.com]

as possible. The circuit was simulated
before being built and verified and then
used in the TL system. The design is
attractive because its use of common
components improves repeatability
while keeping costs extremely low.

The operation is based on the fly-
back concept (Figure 1), where a small
transformer is driven at 115 to 300 kHz
generated by a pulse-width-modulated
555 astable circuit. The high frequency
of operation allows the overall size of
the circuit to be kept small while deliv-
ering relatively high power output with
good regulation, and allows easier out-
put filtering for low ripple.

In the actual circuit, you imple-
ment the switch using a MOSFET. In
Figure 1, the diode is shown forward
biased for positive V. Reversing the
diode direction and the polarity of one
transformer winding gives a negative
Vo The circuit operates in three dis-
tinct phases. In phase one, the switch
is closed and energy is stored in a mag-
netic field due to current flowing in
the transformer primary. The diode is
reverse biased, and no current flows in
the secondary.

In phase two, the switch opens, the
diode becomes forward biased, and the
energy is transferred from the magnetic
field into capacitor C. In phase three,
with the energy dump completed, any
residual charge stored on the switch
drain-source capacitance is completely
discharged. The cycle is then repeated.

To better explain the operation of
the circuit, it is easier to presuppose that
just prior to time t=0, the filter capacitor
is already charged to the nominal output
voltage and that the current through
the primary windings of the transformer

NIdeas
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is zero. At t=0, the switch closes and a
current starts to flow through the pri-
mary winding. This will induce a volt-
age across the secondary winding with
a polarity as indicated. Since the diode
is reverse biased, no secondary current
can flow and the secondary winding is
effectively open-circuit. The primary
side of the transformer behaves like a
simple inductor. As a result, the primary
current increases linearly according to
the following equation:

I:h

L

1

t.

During the time the switch is closed,
the voltage induced across the second-
ary windings is nV.. The diode must
therefore withstand a minimum reverse
voltage of (nV_ +V, ). At a given
instant later, the switch is opened. In
the practical circuit, this corresponds
to the MOSFET’s being turned off.
Suppose that the current in the pri-
mary winding at that instant is I . The
magnetic energy stored in the inductor
is then equal to

5
E=EIPKL1.
Due to the flux linkage between
the primary winding and the second-
ary winding, with the primary circuit
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open, the inductor’s stored but collaps-
ing magnetic field induces a voltage at
the secondary side high enough (>V,, ;)
to forward bias the diode. The initial
value of the current will be I*=[ /n.
During the time that the diode is for-
ward biased, the voltage across the sec-
ondary winding will equal (V,,+0.7).
This can also be seen as a transforma-
tion of the primary-side voltage down
to V., ./n. The switch, therefore, has to

ouT
withstand a voltage of effectively

V.,
Veverse™ (\/CC+I({C>

when it is open. This last equation
highlights the main advantage that the
flyback converter has over the boost
converter of comparable input and out-
put voltages, namely the reduced volt-
age the switch must handle when it is
opened. In effect, the voltage during
the “off” phase is transformed down to
a value determined by the transform-
er winding turns ratio. This allows a
MOSEFET with a much lower break-
down voltage to be used. Additionally,
in the boost-converter topology, the
diode must handle both the high “on”
current and a high reverse voltage in the
“off” phase. In the flyback converter,
the diode at the secondary side has to
withstand only a high voltage while the
current is low (I,,/n). This permits the
use of a diode with smaller capacitances
that results in higher switching speed
with the consequence of reduced energy

100 mH

uUSB

losses and an increased efficiency.
Although it is beyond our current
scope, you can calculate the output
voltage by equating the amount of ener-
gy input in L, to the energy transferred
to the load, R, . In steady state, the
output is related to the duty cycle, D, of
the switch and the frequency at which
the switch is operated; that is, the open-
circuit output voltage is given by

/R, .. T
VOUT=VCC( %ﬁ) )D‘

In the practical circuit of Figure 2,
all of the elements of the basic flyback
circuit of Figure 1 can be identified.
However, there are a number of refine-
ments that lead to better operation
and stability. For example, two output
diodes are configured so that dual-rail
output is possible. Also, the positive
rail feedback is sampled by the volt-
age divider comprising R, and R, with
a level that is smoothed by capacitor
C,. In normal 555 astable operation,
the output waveform generation is pos-
sible since the timing capacitor (C,)
charges from V. through the sum of
R, and R, and discharges through R..
With the resistor values used (that is,
R >>R ), the duty cycle is close to 50%.
The charging/discharging voltage levels
are internally set to V. /3 and 2V /3
(that is, 1.67V and 3.33V, respectively,
if operated at 5V). Without feedback,
the values in Figure 2 give an open-
loop output voltage of about 20V.

L1
7 TURNS §

30 pH

The feedback operates as follows:
The transistor, Q,, does not conduct
until the voltage at its base (V) is
around 0.55V. This enables the output
voltage to be calculated from

R,
Vour= 1+K Ve

bl

As the output voltage continues to
increase under the action of flyback,
Q, is driven even harder, causing its col-
lector voltage to fall. Since the collector
is connected to the control input of the
555 timer that is nominally the upper
limit above (2V/3), this causes the
capacitor to charge and discharge at the
same rate but through a narrower volt-
age range. This has the effect of reduc-
ing both the “on” and “off” times of the
output pulses that drive the MOSFET
switch. The net variation in both the
frequency and the duty cycle (D) causes
Vour to fall and eventually lower the
feedback voltage, with the effect of
reducing the “on” time of Q,.

One aspect of the circuit that needs
careful setting up is the flyback trans-
former. Several home-made transformers
were tried and worked reasonably well.
The solution settled on was to reuse
the core of an RFI suppression induc-
tor commonly found at the mains input
end of switched-mode power supplies
in television sets. The windings of the
transformer primary are multi-filar to
reduce their series resistance. For exam-
ple, using four strands of 0.3-mm insu-

|
—e, M

4
IRFS4010

BC546B

T <

D; L

MBR745 f

C, l iRs
560
1 uFI

Figure 2 In this complete circuit, you can use many alternatives for M., Q,, and the Schottky diodes.
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Figure 3 At turn-on, the output stabilizes within 0.8 msec, with two loads of 200Q

each.

lated copper wire closely wound seven
turns gave an inductance of 30 uH for
the primary with a measured series resis-
tance of 0.03Q. A lower coil resistance
reduces joule heating in the inductor as
it is switched, leading to higher efficien-
cy. A suitable commercially available

ferrite core and bobbin set is available
from RS-Electronics (RS stock number
647-9446, manufactured by Epcos).

A further refinement is the use of
high-current, high-speed, and low-for-
ward-voltage Schottky diodes for D,
and D,. An additional diode is used in

H-bridge paves new ways

for LED lighting

Subodh Johri and Prateek Johri, Central Electronics Engineering Research
Institute (CSIR-CEERI), Pilani, Rajasthan, India

N The H-bridge is a classic circuit

used for driving dc motors in a
user-defined manner, such as in forward/
reverse direction or PWM-assisted con-
trolled RPM with the help of four dis-
crete/integrated switches or electrome-
chanical relays. It is widely employed in
robotics and power electronics. This
Design Idea is a novel implementation
of this technique for driving white-LED
arrays directly from the ac mains in full-
wave current-limited mode to realize an
excellent flicker-free, energy-efficient
solid-state lamp. The circuit controls
and maintains the LED excitation cur-
rent in both negative and positive half
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cycles of the excitation voltage to a con-
stant level by way of electronic switches
operating alternately during the positive
and negative excursion of the excitation
voltage. This approach facilitates cur-
rent-controlled rectification of ac volt-
age into a dc voltage for energizing
series-connected LEDs with clean dc
current with negligible ripple and sub-
stantially enhances the power factor.
As shown in Figure 1, transistors
Qp Q;, and Q and diode D, as well as
transistors Q,, Q,, and Q, and diode
D, are configured as series-connected
voltage-controlled current switches to
form two arms of the H-bridge; diodes

reverse bias at the gate of the MOSFET
to reduce RFI. Including a 100-mH
choke on the 5V USB line also reduces
switching noises further.

For the purposes of our design,
the USB port was modelled as a 5V
source with a series resistance of 10Q
for a worst-case current of 500 mA. A
decoupling capacitor, C;, of 100 uF is
used to prevent switching noises from
being developed across the power rails.
The measured output efficiency was
around 72%, with a load of 50Q, with
the output voltage dropping to +7.6V.
The output has also been connected
successfully to linear regulators such as
the 78L05 for other voltages. A further
design refinement is possible to make
the output switchable under software
control. We have not done it here,
but some means of turning the 555 off
or on using a separate active transistor
would implement standby or active
operation.

Figure 3 shows the turn-on transient
response of the converter. Figure 4,
available with the online version of this
Design Idea at www.edn.com/4415896,
shows that the circuit responds grace-
fully to a step load change 10 msec after
turn-on.

D, and D, form the other two arms of
the bridge. The LED string is connected
between the midpoints of the bridge
designated as V , +and V , GND,
respectively. The ac is applied to the
circuit through a current-limiting PTC
resistor, Rs; series-connected capaci-
tors, C, and C; (configured as a non-
polar capacitor, C.); and inductor, L.
Likewise, the neutral side of the mains is
connected to the circuit ground through
an inductor, L,.

During the positive half cycle, the ac
power bus becomes positive with respect
to the ground, and transistor Q, gets
appropriate base bias through resistor
R,. Current flows through diode D,
transistor Q,, and resistor R, as illus-
trated by arrow A, and then through
the LED string comprising 12 medium-
power LEDs (LED, to LED,,) to the
ground through diode D,, as shown
by arrow A,. In a similar fashion, dur-

[www.edn.com]
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Figure1 Current-limiting transistors and diodes route alternate ac half cycles to the series LED string.

ing the negative half cycle when the
ac power bus becomes negative with
respect to ground and transistor Q, gets
base bias through resistor R , the current
tflows through diode D,, transistor Q,,
and resistor R, as illustrated by arrow
A, and then through the LED string
to the ac power bus through diode D,,

as shown by arrow A,. In this way, dur-
ing a complete cycle the current flows
through the string in the same direction
and gets added up like you would get in
a full-wave bridge rectifier. However,
the magnitude of current [ | remains
constant as regulated by the respective
switches serving as voltage-controlled
current sources.

As the base emitter
junctions of transistors
Q, and Q, are con-
nected across current-
sensing resistors R, and

(a)

[ =L T SR g RS e A S i S s = S S S

i S iy R,, respectively, they
turn on when the volt-
age drop across R, and
R, increases beyond
Q, and Q,’s base emit-
ter voltages. At this
point, Qs and Qs
bases are pulled down,

(b)

Figure 2 V .
with capacitor C, has reduced ripple (b).
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+ without capacitor C, has ripple (a); V .+

disrupting the flow of
current through them
during respective half
cycles of the ac mains.
LED In this way, the current
flowing through the

transistors is kept constant and never
allowed to go beyond a threshold, set
by appropriately choosing the R;and R,
values. Q, and Q, limit the base current
of Q, and Q, to a safe value (around
150 pA) to ensure that they are never
overdriven. The substantial parts of the
base currents of Q, and Q, are shunted
to R, and R, by means of Q, and Q
when their respective base emitter volt-
ages exceed the potential drop across R
and R connected in series with R and
R,, respectively.

The magnitude of ac current flow-
ing into the bus is limited by the reac-
tance of C,..(1/2nfC,..) at the mains
frequency and can be altered by appro-
priately choosing C, and C;, configured
as a nonpolar capacitor. The circuit can
also be driven by a resistive supply by
replacing C, . with a suitable high-power
resistor of 50 to 200Q. This may facili-
tate an excellent power factor, but at
the expense of very high power losses in
the current-limiting resistor. R; and R,
can be chosen appropriately as per the
required constant-current magnitude.
D, protects the LED string from high
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reverse voltage, and R, limits the inrush
of current at turn-on. Inductors L and L,
and capacitor C, help in minimizing the
EMI/RFI besides improving the power
factor. A metal oxide varistor can also
be inserted in parallel with the ac mains
to protect the circuit from transients.
In the circuit, 12 0.5W LEDs oper-
ate at 120-mA dc (135-mA RMS) with
respect to current-sensing resistors R,
and R, chosen as 1Q. You can, howev-
et, increase the number of LEDs to 18 as

long as the voltage being applied across
the string is more than the sum of the
forward voltage of the individual LEDs.
(White LEDs’ forward voltage varies
from 3.3 to 4V.) The voltage appear-
ing across the string is self-limiting (in
this case, it is around 42V) and does
not require any additional regulation,
since series-connected LEDs behave
like high-power zener diodes when
operated in forward-biased mode. The
circuit draws 11.5W power at 230V-

Leakage-energy recuperating winding
self-supplies a dc/dc converter

Todor Arsenov, Ontario, Canada

N One of the effective passive
means you can use to suppress the

ringing and clamp the overvoltages

Rs;

caused by the leakage energy in a fly-
back transformer is to implement a
recuperating winding bifilar with the

ac RMS and exhibits a power factor of
0.93 without any perceptible flicker in
the LEDs. You may optionally connect
a 220-pF capacitor, C,, between V,  +
and V,,, GND to further suppress rip-
ple, as shown in Figure 2. Alternatively,
the given string can be replaced by six
parallel-connected strings of LEDs,
each having 12 to 18 20-mA rated
high-brightness LEDs. You must mount
transistors Q, and Q, on heat sinks to
avoid thermal runaway.Epn

primary winding. This is the same tech-
nique commonly used to demagnetize
the transformer in a forward converter
topology. Indeed, this winding is tightly
magnetically coupled with the primary
winding, but after steering the leakage
energy back to the power input, techni-
cally it is still a secondary winding.
Therefore, it also can be used for other
purposes, for example to
self-supply a PWM con-
troller or an embedded
converter.

Figure 1 shows a
flyback converter with
an additional recuperat-
ing and self-supplying
winding, N,, wound

bifilar with the primary

winding, N, imple-
mented on a modified
demonstration board
R of the Viperl7L from
STMicroelectronics'. Ng
is the secondary wind-
ing, and the residual
leakage inductance is
represented by L . R, is
a current sense resistor,
and R is a current-limit-

ing resistor. Transformer
Ry ratios are the same as in
the original transformer.

The output voltage is
slightly lowered (11.5V)

S
1 160V
+VDCO VW *
D3
STTHILO6 D,
T, STPS2H100 474H  11.5v/500 mA 12
) [ ]
Ng Ng o R
b, . 470 pF % | 2
STTHT02RL X on 25
Np=Ng ’
BIFILAR
R1
c 6.8k
33 F & 1] o8k
450V .
2 sz Y
. 5[ VDD D D k oy
L 5%
22 yF == IC, C L ;
35V VIPER17L | == P58 A ARSI
o-3lconT
FB__ S ) c
11
4 N gg;?; 330 nF
R10
o - 33k
c c, WA
1.8nF T 33 nF e
R12
33k Cq 5%
Y, 1.8nF
VDCO ° ¢ I

Figure 1 A bifilar demagnetizing winding added to a flyback transformer shunts the power switch
steers the leakage energy back to the supply rail; and clamps the switch
voltage during the turn-off transition. Then, switched to the supply pin of a converter, this winding

output capacitance, C;

works as a self-supply winding.
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from the original 12V to
\4 accommodate a power-
supply rail down to 145V
DC. Figure 2a shows
the power switch volt-
age and primary current
waveforms of the origi-
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designideas

nal Viperl7L configuration with the
snubber disconnected. You can see that
the ringing due to the leakage induc-
tance is around 540V peak at 160V
DC power-supply line at full load (500
mA). Figures 2b and 2¢ show the same
waveforms when the recuperating bifi-
lar winding is implemented as a snubber
and a self-supply winding. When the
supply rail voltage is first applied, the
high voltage current generator imple-
mented in the Viper 17 starts charg-
ing capacitor C, until the V, start-up
threshold of the converter is reached
and the PWM control is activated®. The
converter is then powered by the energy
stored in capacitor C,. During the on
phase, all diodes, D,, D;, and D,, are

RIGOL
-

v

MR 190U |3 CH2~ 288mU
(a)

RIGOL
a«

STOP (R foomnv

CHi= 188V |8 [MIkEs 200mU

(c)

Time 2.088us @7 .320ms

reversed biased. When the power switch
turns off, the magnetizing current flows
in the recuperating winding, forcing
D, to conduct and thus limiting V. to
2xV DC. When the leakage energy is
fully returned to the power input, D,
is reversed biased and the recuperat-
ing winding starts recharging capacitor
C, through diode D,. Charging current
cannot flow from the power rail as D,
is biased off, and thus the recuperating
winding is supplying the converter.
The Viper 17 is efficiently designed
for low standby power consumption by
entering burst-mode operation at no
load, switching the internal circuitry
to low power consumption when idling,
and so on. To preserve the burst mode

¥ 49.6U
-

RIGOL STOP @ -

of operation, a preload resistor, R, of 1
kQ is included, thus lowering the aver-
age switching frequency at no load, as
seen in Figure 2d. In this way, the bifi-
lar recuperating winding successfully
sustains the operation of the converter
at any load conditions and, at the same
time, effectively clamps the overvol-
tages on the power switch caused by
the leakage inductance of the flyback
transformer. EDN

REFERENCES

il “EVALVIPER17L-7W demonstration
board,” STMicroelectronics, June
2008, http://bit.ly/145jGHF.

A “VIPER17 data sheet,” STMicroelec-
tronics, June 2010, http://bit.ly/Z8xOgM.

F @ 49.6U

(b)

RIGOL
i

Time 2.008us @ 101.0us

MI5ES 100V
(d)

CHi= 188y & Mk 168wl

CH2=

Time 2.888us B499.44us

£ -2.00U

v

208mY Time 1.888ms ©-6. 160ms

Figure 2 With the snubber disconnected, ringing occurs at the power switch voltage (Channel 1, blue) and primary current (Channel 2,
red) waveforms when the converter is without the recuperating winding at full load (a). Shown are waveforms with the recuperating wind-
ing at light load, 100 mA (b), and full load, 500 mA (c). When in burst mode, the switching frequency is lowered to about 1 kHz (Channel
1), and the regulation is maintained by keeping the feedback voltage, pin 4 (Channel 2), within the burst-mode threshold levels (d).
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What business are you in?

t goes without saying that

the rate of change in busi-

ness today is staggering, and
it shows no signs of slowing.
But as we grapple with that
pace in our day-to-day busi-
ness lives, it’s usually difficult
to see the forest for the trees.
We tackle our tasks faster and
take on more responsibility, all
with near-term goals in mind.

Sometimes, though, we
might be lucky enough to
catch our collective breath
and wonder just what we’re
doing—not just ourselves but
our businesses.

Let’s take a trip back in
time to the 1970s. Back then,
if you worked in electronics,
odds are your company made
something like mainframes or
spacecraft or jet airplanes or
communications systems. The
people you worked with made
everything that went into the
end product.

But over the next four
decades, the industry disag-
gregated slowly but surely. If
you worked in the semiconduc-
tors division of that vertically
integrated company, you might
have ended up working for a
semiconductor company after
management sold off that unit.

THE MORE THINGS
CHANGE ...

The photo shown at the top of
the next column, from a recent
post in Tim Kastelle’s Innova-
tion for Growth blog (http://bit.
ly/10dWbba), tells the story.
Each of the technologies in
the top part of the picture had
enormous revenues ... until
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 The one

components hot
potato: Theyre

crucial fo innovation,
but no one wants to
hold them for longer
than is absolutely

necessary.

each one didn’t. Suddenly.

Flash forward to now and
today’s supply chain. If you're
in distribution, your company
is radically different than it was
15 years ago. If you're in con-
tract manufacturing, you’re not
just making things anymore.
You're designing them. So are
you a contract manufacturer or
a design house?

If you were a company that
sold software into systems,
odds are you are in the services
business today, maybe hosting
something for your customers
via the cloud.

Kastelle’s point—that your
market is never stable—is spot

constant will be
the semiconductor

on, but could you have
predicted in 1993 that
the Newton, of all prod-
ucts, would effectively
end up sweeping up the
functionality of all those
other devices? Never in
a million years.

The drivers turned
out to be Moore’s Law,
software, and wireless
connectivity.

WHAT THE
FUTURE HOLDS

For the supply chain,
the battle during the
next 20 years (maybe
just 10, given the quick-
ening pace of innova-
tion) will be driven by
data and the Internet
of Things. Established
companies that get that
will grow; new compa-
nies that get that will
disrupt today’s smaller
players.

The one constant will be the
semiconductor components
hot potato: They’re crucial to
innovation, but no one wants
to hold them for longer than
is absolutely necessary. Now,
some financial innovation may
emerge in the next decade that
makes holding inventory less
onerous. Only time will tell.

The bottom line is things will
change faster than we imagine,
and it may behoove you to put
the words “What is your busi-
ness?” up on a wall near your
desk as a daily reminder.

—by Brian Fuller, EBN
This story was originally posted
by EBN: http://bit.ly/194qbr6.

vyChain

LINKING DESIGN AND RESOURCES

SEMICONDUCTOR
SUPPLIERS

HAVE LARGEST
INVENTORY IN

PC CHAIN

Semiconductor suppliers
averaged the largest amount
of inventory in the PC supply
chain over the last six years,
while PC distributors had
the least, an equation deter-
mined not just by the busi-
ness model ruling each node
but also by PCs having lost
clout among consumers to
more popular smartphones
and tablets, according to
market-research firm IHS.

From 2007 to 2013, semi-
conductor suppliers held the
greatest amount of stockpiles
at 78 days on average as
quantified by the days-
of-inventory (DOI) metric;

PC distributors carried the
least with 31 days. The DOI
measure in this case applied
to the goods and subcom-
ponents manufactured by the
category in question.

After semiconductor
distributors, the next-highest
DOI was 45 days, claimed
by pure-play foundry
suppliers for wafers, chips,
and chemicals. Also in the
range of 40 or so DOl were
semiconductor suppliers as
well as EMS providers, while
ODMs at 34 DOI placed just
above PC distributors during
the fourth quarter last year.

All' told, the DOI for chip dis-
tributors was up by more than
a third compared with the
second-highest node in the
chain.—by Amy Norcross

X0011Nn0
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Synopsys development system reduces
development time from months to weeks

The Embedded Vision Development System accelerates the design of embed-

ded vision processors using its Processor Designer tool set and HAPS FPGA-
based prototyping system. It allows designers to explore and tune processor architec-
tures for the optimal combination of power and speed, and implement the design on
a HAPS FPGA-based prototype. The system includes pre-verified design examples
to help designers implement an ASIP optimized to meet their SoC objectives. It
provides a ready-to-use, modifiable base processor including a full C/C++ compiler,
which supports all functions provided by the OpenCV library. The execution of the
compiled code with the automatically generated instruction-set simulator (ISS) is
easy to profile, identifying performance-intensive parts of the application, which can
be accelerated by changes in the processor architecture. Processor Designer generates
optimized RTL of the ASIP, which can be downloaded into a HAPS FPGA-based
prototyping system. The Embedded Vision Development System is available now.
Synopsys, www.synopsys.com

ARM launches free development tools
for embedded Linux

The Development Studio 5
Community Edition (DS-5 CE)
provides a free-to-use software develop-
ment environment for embedded Linux

applications including Android. It runs
on Linux, Windows, and Mac OS hosts,

with an integrated solution including an
Eclipse IDE, GNU cross-compiler, DS-5
Debugger, Streamline performance ana-
lyzer, online help, and software exam-

ples. The graphical DS-5 Debugger only
needs an Ethernet connection to the
target to enable power debug features

[www.edn.com]

and integrates Linux-specific function-
ality, such as a target file system explor-
er and an automated flow for download-
ing applications to the target, launching
them, and connecting the debugger.
The Streamline performance analyzer
makes it easy to locate code hotspots,
system bottlenecks, inefficient thread-
ing, ineffective use of the cache memo-
ries, and GPUs, and many other soft-
ware issues. The free DS-5 CE is avail-
able now; the professional edition costs
$3300 for one year, node-clocked.
ARM, www.arm.com

Mentor Graphics tool
bridges EDA, MDA
to simplify thermal
design cycle

The FloTHERM XT software

package is designed to simplify
detailed thermal design and shorten the
thermal design cycle for ICs, boards,
systems, and enclosures of arbitrary
shape. The tool combines FloTHERM
thermal analysis i
software with 1)
Concurrent CFD
(computational
fluid dynamics)
from FloEFD. During
analysis, the tool integrates data from
EDA and MDA (mechanical design
automation) to speed analysis and
enhance accuracy of results. The
FloTHERM XT software uses improved
data integration capabilities and solver
algorithms to speed analysis. Native
MCAD data can be filtered, and a data
import tool, FloEDA Bridge, can import
IDF (intermediate data format) through
rule-based filters that filter out non-
contributors. An enhanced solver
extends the use of hexahedral meshes to
deal with arbitrary shapes and, with
automated handling of boundary condi-
tions, offers a solution that is guaranteed
to converge, according to the company.
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FloTHERM XT is available now; prices
start at $27,000.
Mentor Graphics, www.mentor.com

Development board
from EPC simplifies
eGaN FET design

Qutfitted with two 40V EPC2014

eGaN FETs in a half-bridge con-
figuration using TI’s LM5113 gate driver,
the EPC9005 development board eases
the task of transitioning from silicon to
eGaN technology. It provides a maxi-
mum output current of 7A, includes all
critical components on a 2x1.5-in.
board, and can be con-
nected to any existing
converter. Various probe
points on the board allow
simple waveform mea-
surement and efficiency
calculation. The onboard
LM5113 gate driver is
housed in a 2x2 BGA package, enabling
a compact power stage. The EPC9005
costs $99.18 and is available for immedi-
ate delivery from Digi-Key.
Efficient Power Conversion,
epc-co.com

Altera FPGA develop-

ment kit includes opti-

mized SoC debug tools
The Cyclone V SoC develop-

ment kit enables hardware and
software developers to accelerate their
embedded systems design development.
Developed with ARM, it features the
DS-5 Altera Edition Toolkit software,
the Cyclone V SX SoC with an 800-
MHz: dual-core ARM Cortex-A9 pro-

LIKE THIS? %

Subscribe to EDN’s weekly
Products & Tools newsletter for
the latest product announce-
ments and news: www.edn.
com/Newsletter/Subscribe.
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cessor, 110K logic
elements (LEs) of
logic density, 3.125
Gbps transceivers,
PCI Express root-
port and endpoint
support, and DDR3 memory for both
the FPGA and hard processor system
via hardened memory controllers. The
SoC Embedded Design Suite (EDS)
features the DS-5 Altera Edition
Toolkit that removes the debugging
barrier between the integrated dual-
core processor subsystem and FPGA
fabric to offer full-chip visibility and
control through the standard DS-5 user
interface. The kit includes a broad set
of memories, peripherals, and interfaces
and a high-speed mezzanine connector
(HSMC). Two onboard Ethernet PHYs
support all of the top industrial net-
working protocols. The Cyclone V SoC
development kit is available for $1595.
Altera, www.altera.com

Grayhill’s Instinct 2.0
offers 3-D image control

N The Instinct Gesture Recognition
Library is a software tool that
converts multitouch sensor data into
gestures. The latest version provides
capability for 3-D image control and is
suited for use with control panels on a
variety of equipment. Instinct Touch
Technology combines the library with a
human interface device (HID) to track
movements from the device’s touch pad.
The data is converted into gestures,
which are fed to the application or oper-
ating system. The software collects and
interprets gesture events and dynamic
gestures for machine control and image
manipulation. The Instinct 2.0 can
interpret gestures and optimize data for
the control of 3-D images by recognizing
multitouch gestures, including move-
ments along the X-, Y-, and Z-axes and
rotations around
each. Users
will be able
to turn and
rotate an

image to view it from any angle. Instinct
can execute more commands than sin-
gle-point touch technologies, so the
control panel needs fewer control com-
ponents, reducing its size and complex-
ity. The software parameters within the
library are customizable and developed
utilizing the Instinct Software
Development Kit. The tool kit includes
a mounted MTRE or MTCW, a stan-
dard USB cable, and demo software and
is priced at $200.

Grayhill, www.grayhill.com

dSpace simulation tool

eases automotive-

suspension design
Automotive simulation models

(ASMs) now include a module
for designing and simulating wheel sus-
pensions on a virtual test bench. The
ASM Kinematics and Compliance
(ASM KnC) tool allows engineers to
run virtual tests for
numerous vehicle
variants and driving
maneuvers to opti-
mize vehicle suspen-
sions. Wheel sus-
pensions are defined via a graphical user
interface and exported as lookup tables
for vehicle simulation models. ASM
KnC provides predefined configurations
for common suspension types, including
McPherson, double wishbone, and 3-,
4-, and multiple-link suspensions.
dSpace, www.dspace.com

RS Components’
DesignSpark PCB
Version 5.0 minimizes
errors

N DesignSpark PCB Version 5.0

software for schematic capture
and PCB layout integrates online design
rule checking and buses within the free
design tool. Design rule checking deter-
mines whether the physical layout of an
integrated circuit satisfies a series of rec-
ommended parameters. [t enables the
engineer to detect errors in real time
during the design stage. The increasing

b= adoption of digital design has resulted in

the use of on-chip buses to transfer data,
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enabling the engi-
neer to combine
multiple data sig-
nals into a bus in
multiples of eight. Instead of drawing
and/or labeling the individual wires in a
schematic, a single ‘bus wire’ can be used
to represent related wires, simplifying the
schematic. This also enables simulation
and debugging to be carried out with
minimum errors. Buses have been added
directly into DesignSpark PCB Version
5.0, allowing the engineer to refine the
schematic during the design phase.

RS Components,
WWWw.rs-components.com

Wireless platform

from Marvell enables
smart lighting systems
N Based on the 88EM8511 AC/DC

controller and wireless microcon-
troller embedded inside a smart LED
bulb, the Smart Bulb Residential
Wireless Platform offers an end-to-end
solution for developing smart lighting
systems that adhere to Energy Star
requirements. The system-on-chip
approach achieves a 50% reduction in
the number of ICs compared with a
typical wireless-connected bulb. The
first products based on this open plat-
form are smart -~
bulbs from W -
S
Leedarson con-
nected to home
gateways from Zonoff.

The platform includes a ZigBee remote
control or a dedicated Wi-Fi-to-ZigBee
lighting bridge. It supports a range of
ZigBee protocols, is accessible by mobile
devices via Wi-Fi, and can be connected
to multiservice home gateways or direct-
ly to wireless routers when Wi-Fi is
embedded in the smart bulb itself.
Marvell, www.marvell.com

Orca releases

DVB-T2 front-end
reference design

N The DVB-T2/T/C and analog TV

front-end reference design for
televisions that employ ORC5310
hybrid TV tuner and Panasonic’s
MN88472 demodulator was tested to
meet the latest DVB-T2 specifications,
including NorDig and D-Book. The
ORC5310 s a single-chip, CMOS-based
hybrid TV tuner with an analog demod-
ulator that can receive analog and digital
signals from either terrestrial or cable
networks worldwide. The MN88472
DVB-T2/T/C demodulator IC is a sec-
ond-generation, low-power device. The
reference design achieves high sensitiv-
ity, good interference rejection, and
stable reception in multipath environ-
ments, according to the company. The
reference design includes schematics,
Gerber layout files, BOM list, and GUI
evaluation software with integrated
tuner and demodulator drivers.
Orca Systems,
www.orcasystems.com
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CLASSIFIEDS

Senior Design Engineer: Required by RF Micro
Devices, position inSan Jose, CA. Design, test
and verification of RF and analog IC designs.
Perform conceptual and detailed IC design of crit-
ical RF elements associated with RF and analog
IC’s. Critical RF elements include amplifiers,
mixers, filters, high-speed dividers, power ampli-
fiers, etc. Provide guidance and/or review the
work of physical design engineers to carry out RF
and analog IC layout designs and verify the post
layout IC performance using advanced CAD tools
to meet design specifications. Provide guidance
and review the work of testing and verification
engineers to make sure fabricated RF and analog
IC products meet design specifications and cus-
tomer requirement. Collaborate with
customers/marketing engineers on occasions to
architect/define/specify highly integrated solu-
tions to wireless front end module products for
battery powered applications. Requires independ-
ent decision making and creativity in the design
of circuits using company proprietary IC design
information and confidential market information.
Requires interacts with all areas of the company
and public interaction at conferences and in writ-
ten articles/papers. Must have experience with PC
and Workstation CAD/CAE tools used in the IC
design process including Cadence Virtuoso,
Spectre, and Assura, Agilent ADC and
GoldenGateknowledge. Require MSEE and one
year industry experience in RF Circuit design,
refer related experience with CMOS RF and ana-
og IC design. M to F - full time. Qualified can-
didates send resumes to employment@rfmd.com
and reference Job Code JLHAN.

Senior Design Engineer: Required by RF Micro
Devices for position in San Jose, CA. Full-time
position. Design, test and verification of RF
ASIC designs. Collaborate with customers/mar-
keting engineers to architect/define/specify highly
integrated solutions to wireless transceiver prod-
ucts for battery powered applications. On occa-
sion, technically lead small RF ASIC (Application
Specific Integrated Circuits) development teams
to develop low cost solutions to high volume,
commercial RFIC’s using GaAs and Silicon IC
Technologies. Perform conceptual and detailed IC
design of critical RF elements associated RF
ASIC’s. Critical RF elements include amplifiers,
mixers, VCO’s, power amplifiers, etc. Interacts
with all areas of the company. Public interaction
at conferences and in written articles/papers. PC
and Workstation CAD/CAE tools used in the IC
design process. These include Cadence, ADS, and
HFSS. Related experience with silicon, bipolar IC
design. Knowledge/ability to use CAD tools.
SPICE-related CAD tools. MSEE required.
Qualified candidates send resumes to employ-
ment@rfmd.com and refer to Job Code JLKIM:

Senior Design Engineer: Required by RF Micro
Devices for a position in San Jose, CA.
Collaborate with customers/marketing engineers
to architect/define/specify highly integrated solu-
tions to wireless transceiver products for battery
owered ap]glicarions. On occasion, technically
ead small RF ASIC (Application Specific
Integrated Circuits) development teams to devel-
op low cost solutions to high volume, commercial
RFIC’s using GaAs and Silicon IC Technologies.
Perform conceptual and detailed IC design o
critical RF elements associated RF ASIC’s,
Critical RF elements include power amplifiers,
switches, couplers, filter, power detectors, etc.
Company Proprietary IC design information, con-
fidential market information. Interacts with all
areas of the company. Public interaction at con-
ferences and in written articles/papers. PC and
Workstation CAD/CAE tools used in the IC
design process, RFIC design knowledge . These
include Agilent ADS and 2.5/3D EM tools such
as Momentum, Sonnet, and HFSS. Related expe-
rience with GaAs HBT, GaAs pHEMT, InGaP
HBT, SiGe HBT, and CMOS. Require MSEE (or
BSEE/foreign equivalent and five years experi-
ence). Full time position. Qualified candidates
should send resumes to employment@rfmd.com
and refer to Job Code: JLWAN.
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TALES FROM THE CUBE

Blame the programmer!

he spring of 1974 saw me working in the technical
assistance center (TAC) of a major Canadian tele-
communications company. We provided second-level
support for two different generations of computer-
controlled telephone switching systems. The older
system was implemented using discrete diode transis-

tor logic (DTL); the newer system used SSI DTL.

These systems comprised fully dupli-
cated Harvard processors that usually ran
in parallel. A control console monitored
the state of critical registers in the pro-
cessors, and any difference in the con-
tents of these register pairs would gener-
ate a hardware interrupt—bells ringing
and volumes of paper spewing from the
maintenance TTY—initiating diagnos-
tic routines to isolate the problem.

Early one morning, we received a
call from the foreman at a switching
office an hour or so north of us, wonder-
ing about the parity failures that were
being reported on his switch. We ran
memory diagnostics on the processor
logging the errors a number of times,
never logging any errors; re-synced
the processors; and waited for the next
“audit.” The parity failure flag had been
set during the previous 15 minutes,

and again logged numerous errors.
The R/W memory on these systems
was implemented using ferrite sheets—
just like core but a lot denser. Each mod-
ule contained 4K (16-bit) words and
weighed about 80 lbs. Each SP1 switch
would have four to 16 modules. When
an error occurred in one of these mod-
ules, usually evidenced by the processors’
dropping “sync,” a printed report would
identify the memory location in error.
We had a problem: The processors
never dropped sync, and the memory
exerciser did not report any problems.
A few days of discussions with the manu-
facturer led nowhere. We couldn’t even
isolate the problem to a specific module.
Come the weekend, I headed up
north and met with the switch foreman.
Since this was an in-service telephone
switch, we could not do anything that

would disrupt processing. I had an idea.

A review of the processor schemat-
ics showed us that all of the parity error
circuits were routed back to an SR flip-
flop in the processor. The state of this
flip-flop was read and reset once every
15 minutes by one of the audit routines.
The maintenance counsel also had the
capability to display register information
for the “offline” processor. With a little
trepidation, we mounted a couple of the
CPU cards on extenders and ran a wire
from the parity error flip-flop to the reset
pin of the CPU stop flip-flop (a wired
OR; this was DTL after all). We ran our
memory exerciser and, with the CPU
stopped, read the address of the failing
memory location on the maintenance
console, quickly isolating the problem
to a single memory module.

It would have been nice to describe
how we quickly swapped modules and
went home for supper, but the truth is
that we spent most of the day tweak-
ing the various analog amplifiers in the
memory module. When this failed to
resolve the problem, we were told to
swap the failing 80-1b module with one
that wasn’t failing to “prove” that we
had isolated the problem.

It was late Sunday evening before
we finally finished that task—the fail-
ing address moving as we expected. A
replacement module arrived in time to
be installed the following weekend.

In a quiet moment back at the TAC,
I pulled out the source code. It looked
good; it checked every word of the mod-
ule under test, running various patterns
through the memory. What had I missed?

The eureka moment came when
I realized that the memory exerciser
never checked the state of the parity
error flip-flop. It was the memory parity
bit line that had the problem, and since
the data bus to the CPU did not include
the parity bit, there was no way that the
exerciser could determine the parity bit
was in error!

Problem was solved, a snide note
was sent to the manufacturer suggesting
that it correct the shortcoming in the
memory exerciser, and another feather
was added to my cap—an important
consideration when you are 23 years
old and out to conquer the world!Epn
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InfiniiVision 4000 X-Series
200 MHz to 1.5 GHz

12.1-inch touch screen
InfiniiScan Zone touch triggering
Update rate to 1 million wfms/s
Memory depth up to 4 Mpts
Starting at $5,611**

OfL A0

W Economy os II,,’IIoscopes redefined.

f

InfiniiVision 2000 X-Series

70 to 200 MHz
epth up to 1 Mpts
n_serial decode options™
\lew 5-year warranty
Starting at $1,258**

InfiniiVision 3000 X-Series
100 MHz to 1 GHz

8.5-inch display

Update rate to 1 million wfms/s
Memory depth up to 4 Mpts
Starting at $2,929**

Oscilloscopes Redefined. With its brilliant 8.5-inch screen, fast update rate, full
upgradability and 5-in-1 instrument integration, the Agilent 2000 X-Series oscilloscope
is already first in class. Now with more memory depth, new serial decode options and
b-year warranty, it's accelerating ahead. Experience the complete InfiniiVision line for
oscilloscope features and performance you need at prices that will surprise you.

- . -
=] Agilent and our Y
n .q.. Distributor Network See th_e |annI-IVISIOn
p— Right Instrument. X-Series oscilloscopes
©¢ a video demo. Right Expertise. « | 800-433-5700 . :
S it n o . . 5 o
hft?;:]/‘;:q\::;y/%hypm Delivered Right Now. _ | www alliedelec.com/agilent www.alliedelec.com/Ip/agilentscopes/

© Agilent Technologies, Inc. 2013

*12C, SPI, CAN, LIN, RS232, UART **Prices are in USD and are subject to change
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OV Sync Buck-Boost

(Upto2sow )
Variable Input Yy g AAA—¢ Fixed Qutput
2801080V | [ 141 . | L — LRI | 1aviosoy

T T

Output Current:

Input Current:
Regulate or
Monitor

Regulate or
Monitor

16,
CSNIN
CSPIN

Four Regulation Loops (Vour, lout, Viy and Ipy)

The LT®8705 is the latest in our growing family of single inductor buck-boost controllers. This wide input voltage
range, high power controller is capable of delivering efficiencies up to 98.5% for a 48V, 5A output from an input voltage
range of 2.8V to 80V. Using a single inductor and 4 external MOSFETSs, the LT8705 can deliver output power up to 250W.
Input or output voltage or current, any of these can be regulated with the devices’ 4 control loops. Its input regulation
loop is ideal for high impedance sources such as solar panels.

36V to 80V Input; 48V, 5A Output NSRS T

100

¢ Single Inductor s www.linear.com/product/LT8705
» Very High Efficiency . 1-800-4-LINEAR
e Viy Range: 2.8V to 80V _ e "
« Vour Range: 1.3V to 80V o
* Vour lout, Vin, Iy Feedback Loops é 9.0
e Current Monitors * o =36V it
* Synchronous Rectification :j: N —
i video.linear.com/138
¢ Quad N-Channel MOSFET Gate Drivers oo P —

of Linear T logy Corporation. All other

° Solar'POWered Battery Charger Capable Load Current (A) trademarks are the property of their respective owners.

LT HNER


http://www.linear.com
http://video.linear.com/138
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