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Bluetooth, which is based 
on IEEE 802.15.1, was 
developed for the purpose 
of sending larger amounts 
of data quickly from 
computers to portable 
handheld devices. Key 
features include high 
data rate, frequency 
hopping, very small form 
factor and modest power 
consumption.

Panasonic offers a new 
Bluetooth RF module 
product line that makes 
connectivity between 
mobile devices easily 
implemented, creating a 
seamless data chain from 
sensors to the Web.

BLUETOOTH®
RF MODULES
www.panasonic.com/
Bluetooth

■ Capacitors

■ Resistors

■ Inductors and Filters

■ Circuit Protection

■ Electromechanical

■ RF Modules

■ Semiconductors

Just another way we’re engineering
a better world for you.

Visit us online at www.panasonic.com/industrial/electronic-components

email industrial@us.panasonic.com

or call 1-800-344-2112

connectivity between 
mobile devices easily 
implemented, creating a 
seamless data chain from 
sensors to the Web.

Bluetooth® Classic
Bluetooth Dual Mode   
Bluetooth ANT™

Bluetooth Low Energy

New Series featuring:

Panasonic’s New Hybrid 
design Surface Mount 
Aluminum Electrolytic 
Capacitors introduce a new 
technology that combines the 
benefi ts of both electrolytic 
and polymer products 
producing a capacitor with 
low ESR, low leakage current, 
high ripple current and 
smaller case sizes.

New! Hybrid Capacitors 
EEH-ZA & EEH-ZC Series

PGS is an ultra-thin, 
lightweight, graphite fi lm 
with a thermal conductivity 
high enough to release and 
diffuse the heat generated 
by heat sources. With a 
thermal conductivity up 
to four times greater than 
copper, PGS is extremely 
pliable and can be applied 
to heat-source shapes even 
in a high-density mounting 
situations. 

The Future of Thermal 
Management
www.panasonic.com/pgs

thermal conductivity up 
to four times greater than 
copper, PGS is extremely 
pliable and can be applied 
to heat-source shapes even 
in a high-density mounting 
situations. 

 New! Panasonic 
Encoder Series
Waterproof Up To 15cm 
Submerged

Panasonic’s New EVQ-V9 
18mm Square Waterproof 
Encoder Series is 
waterproof up to 15cm 
submerged. 
Its unique 
sealed structure 
allows usage 
in moisture 
environments.

To learn 
more about Panasonic 
Electromechanical products visit:
www.panasonic.com/EMC

sealed structure 



The best inductor 
selection tools.

coilcraft.com/tools

Now in a handy 
pocket size.

coilcraft.com/mobile
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D E S I G N I D E A S
56 Charge a nickel-cadmium cell reliably and inexpensively

58 Control your holiday lights with a magic wand

60 Regulate a 0 to 500V, 10-mA power supply in a different way

62 Linear and switcher LED supplies combine, overcome disadvantages of each topology

64 Technique maximizes converter efficiency

▶ Submit your own Design Idea to edndesignideas@ubm.com. 

Hot 100 products of 2012

53EDN’s technical editors each year cover 
thousands of products, so it takes 

something special for a product to stand out 
from the pack. The offerings listed here did 
just that, warranting their inclusion in the 2012 
edition of EDN’s Hot 100 products.

Hot technologies: 
looking ahead to 2013

34This past year certainly saw its share 
of high-profile technology news, but 
there was also much more happen-

ing on the technology front. In our annual review 
of the electronics world, EDN editors and guest 
contributors examine some of the hot trends and 
technologies in 2012 that will shape next year’s 
technology news.

COVER: GIULIA FINI-GULOTTA / SHUTTERSTOCK
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Optimizing 
operating 
life for 
LED-based 
lightbulbs

29LED bulbs 
promise 25 

years of service, 
provided designers 
manage tempera-
ture, reliability, and 
dimming control. 
The key to success 
is the driver 
implementation.

by Scott Brown, 
iWatt Inc
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12 DSOs, MSOs let you use 

your tablet for display, control

14 Microchip elevates HMI 
design with e-field-based 
3-D gesture-recognition chip

16 GainSpan simplifies wireless 
audio with audio app dev kit

17 Nanofabrication yields usable 
bandgap for graphene-based 
electronics

18 Voices: Hybrid instruments 
and RF over fiber, viewed from 
30,000 feet
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Audio Transformers
Impedance Levels 10 ohms to 250k ohms,
Power Levels to 3 Watts, Frequency Response
±3db 20Hz to 250Hz. All units manufactured
and tested to MIL-PRF-27. QPL Units available.

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

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

Multiplex Data Bus
Pulse Transformers
Plug-In units meet the requirements
of QPL-MIL-PRF 21038/27.
Surface units are electrical equivalents
of QPL-MIL-PRF 21038/27.

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

400Hz/800Hz 
Power Transformers
0.4 Watts to 150 Watts. Secondary Voltages 5V
to 300V. Units manufactured to MIL-PRF-27
Grade 5, Class S (Class V, 1550C available).

Surface Mount

(and Plug In)

Transformers and

Inductors

See Pico’s full Catalog immediately

www.picoelectronics.com

Delivery-Stock to one week

for sample quantities

in NY call 914-738-1400
Fax 914-738-8225

PICOElectronics, Inc.
143 Sparks Ave. Pelham, N.Y. 10803

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



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

µIPM™ Power Modules Deliver up to 60% Smaller Footprint

Innovative Power Module
Reduces System Size

Part Number Size
(mm)

Voltage
IO

(DC@ 
25°C)

Motor
Current** Motor Power

VO=150/75VRMS
Topology

w/o HS w/HS

IRSM836-024MA 12x12 250V 2A 470mA 550mA 60W/72W 3P Open 
Source

IRSM836-044MA 12x12 250V 4A 750mA 850mA 95W/110W 3P Open 
Source

IRSM836-025MA 12x12 500V 2A 360mA 440mA 93W/114W 3P Open 
Source

IRSM836-035MB 12x12 500V 3A 420mA 510mA 108W/135W 3P Common 
Source

IRSM836-035MA 12x12 500V 3A 420mA 510mA 100W/130W 3P Open 
Source

IRSM836-045MA 12x12 500V 4A 550mA 750mA 145W/195W 3P Open 
Source

Specifi cations:

* IR’s iMOTION™ (ai mo shan), representing the intelligent motion control, is a trademark of International Rectifi er
** RMS, Fc=16kHz, 2-phase PWM, ∆TCA=70°C, TA ≈ 25°C 

Features:
• 3-phase motor control IC

• 12x12x0.9mm PQFN package offers
 up to 60% smaller footprint

• Eliminates the need for heat sink

• DC current ratings from 2A to 4A

• Voltage range of 250V – 500V

µIPM™ Advantages:
• Shortens design time 

• Shrinks board space requirements 

• Simplicity - Eliminates Heat Sink

• Replaces more than 20 discrete parts to
 deliver a complete motor drive stage 

• Slashes assembly time and cost 

• Simplifi es procurement and
 inventory management 

• Reference design kits available for quick
 evaluation on any 3-phase motor

 for more information call 1.800.981.8699 or visit us at  for more information call 1.800.981.8699 or visit us at  for more information call 1.800.981.8699 or visit us at  for more information call 1.800.981.8699 or visit us at  for more information call 1.800.981.8699 or visit us at  for more information call 1.800.981.8699 or visit us at  for more information call 1.800.981.8699 or visit us at  for more information call 1.800.981.8699 or visit us at  for more information call 1.800.981.8699 or visit us at  for more information call 1.800.981.8699 or visit us at  for more information call 1.800.981.8699 or visit us at  for more information call 1.800.981.8699 or visit us at 
 THE POWER MANAGEMENT LEADER 



online

ENGINEERING COMMUNITY
Opportunities to get involved and show your smarts

JOIN THE CONVERSATION
Comments, thoughts, and opinions shared by EDN’s community

CONTENT
Can’t-miss content on EDN.com

In response to “Forgotten circuits (that 
should be brought back),” a post in Dennis 
Feucht’s Outside the Box blog at www.edn.
com/4401105, kg5q commented:

“The reason some of these analog processing 
circuits went away is that the A/D converters and 

linear front-end processing circuits got faster, better, [and] cheaper, and 
it’s easier for today’s digital and software whiz kids to simply bring in the 
raw data and fix it all in software. Do any curve fitting and math that way 
and you don’t have to worry about drift and offset and thermals, etc. It 
just works day in and day out. Wish we could have had that in the ’70s, 
’80s, and ’90s. I am not going to wish for the old days, because a lot of 
today’s products do work better.”

In response to “Injection-lock 
a Wien-bridge oscillator,” 
a Design Idea by Glen Brisebois 
at www.edn.com/4400342, 
WKetel commented:

“Definitely an elegant solution to 
the problem. It also points out how 
sensitive an oscillator can be to 
external influences, both stabilizing 
and destabilizing. That is the other 
benefit of using phase-locked loops; 
it is the phase stability.”

EDN invites all of its readers to comment constructively and creatively 
on our content. You’ll find the opportunity to do so at the bottom of 
each article and blog post.

SIMPLE TESTER CHECKS 
CHRISTMAS-TREE LIGHTS
Why is it that 
you always 
test 48 bulbs 
before you find 
the bad one 
in a 50-light 
string? The 
simple circuit 
in this Design 
Idea allows you to divide and 
conquer, greatly reducing the time it 
takes to find the bad bulb. 

www.edn.com/4359491

DECEMBER 2012  |  EDN  9[ www.edn.com ]

DesignCon 2013
Created by engineers for engineers, DesignCon offers inspiration at its finest. 
Join your fellow chipheads for intensive technical learning and networking, including more than 100 
in-depth tutorials and technical-paper sessions, more than 130 exhibitors, technical panels and keynotes 
featuring experts, teardowns, and prize drawings. DesignCon 2013 takes place at the Santa Clara 
Convention Center, Jan 28–31. www.designcon.com/santaclara

SOCIAL MEDIA MEETS 
MORSE CODE
Steve Hicks and Greg Jurrens 
explain what went into designing the 
ultimate, easy-to-use ham radio and 
how advances in analog electronics 
made the difference. 

www.edn.com/4401014

−

+

LT1468-2

15V

–15V

1.24k

(ADJUST
FOR

AMPLITUDE)

100

C7
120V
5W

CHRISTMAS
LAMP

0.02 μF
FILM

0.02 μF
FILM

1.62k

1.62k



BY patrick mannion, director of content
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We had hoped the US election 
would lift the veil on at least some of 
the uncertainty. Alas, however, the “fis-
cal cliff” looms, and as of this writing 
there is no resolution in sight. We can 
only hope Congress and the administra-
tion opt not to kick the can down the 
road, because anything short of a full 
agreement only keeps the uncertainty 
alive—and cripples our ability as indi-
viduals, small businesses, and corpora-
tions to innovate around the flaws of 
any decision that does come down. 

Speaking of innovation, this issue of 
EDN highlights the best of what you, 
our engineering community, had to offer 
this year, from the Hot 100 products 
(see pg 53) to the hot technologies (see 
pg 34) that you helped propel forward. 
In 2013, those developments and prod-
ucts will form the foundation of what 
looks to be a landmark time for elec-
tronics engineering. Massive shifts are 
coming next year that will reflect and 
build on the turmoil of the year that’s 
now almost past.

This year’s Apple v. Samsung drama 
is a case in point. Samsung “lost” round 
one, but so what? Right now, Samsung 
and Apple (read: Android and iOS) 
are all that matter in the smartphone/
mobile-computing/tablet landscape. 
Nokia is fading fast, and for Research 
in Motion the writing has been on the 
wall for some time. Microsoft’s Surface 
is pushing to make headway but won’t 
be a major factor anytime soon.

So what’s the upshot? Four implica-
tions come to mind. First, mobile digi-
tal processing options will gel around 
whatever Samsung and Apple choose to 
back; their picks will become almost de 
facto standards. If you’re not designed 
into one of their devices or platforms, 
you have a tough road ahead. Just ask 
Texas Instruments and its OMAP team. 

Second, apps continue to rule the 
roost and keep absorbing the neuronal 
firings of our youngest and brightest. 
Who wants to waste time studying EE 
basics when an app can make you rich? 
With so many apps flooding the market, 
the shine may be coming off that brass 
ring, but we’re coping with the after-
effects. Who’s dreaming up the next big 
system design win that doesn’t depend 
on a Samsung or Apple platform and 
so will reignite the demand for parts—
from passives to processors—to keep the 
industry humming again? Why bother 

designing a full system when you can 
take the base platform on a tablet or 
smartphone, with all its processing 
power, sensors, interface wizardry, and 
connectivity, and just add your idea or 
IP in the form of an app?

Third, it’s all about the cloud now, 
and not just for IT services. As TI’s Gene 
Frantz points out in his take on the cloud 
in this issue’s cover story, opportunities 
abound for designers to innovate within 
what Frantz calls the “clutter” around 
the cloud. Read on if you’re stuck for 
ideas on where to focus next.

The first three implications lead to 
the fourth: analog. While the layoffs 
across the analog industry may indi-
cate otherwise, analog is hot. If you’re 
an engineer with a solid background 
in analog design and an understanding 
of software and analog design software 
tools, prep your resume. Heck, we’re 
even in the process of hiring a full-time 
analog designer right now here at UBM 
Tech. We’re looking for an LED engi-
neer, too, by the way.

So, while it’s been a crazy year, 
you’ve not stopped doing what you do: 
identifying opportunities and engineer-
ing the best paths to leverage them. 
We’ve had a bit of fun this year, too, 
relaunching EDN.com and spotlighting 
all the conversations and contributions 
you have offered over the year. 

In recognition of those contributions, 
Linear Technology has kindly partnered 
with us to offer $5,000 to the winner of 
the 2012 Jim Williams Contributor of 
the Year Award, in recognition of the 
person who best embodies what contrib-
uting to the community is all about. We 
look forward to announcing the winner 
early in 2013 as part of our ACE Awards 
at DESIGN West.

In the meantime, from myself and 
the EDN staffers you’ve come to know 
even better in the past few months—
Rich Pell, Suzanne Deffree, Amy 
Norcross, Steve Taranovich, Stephen 
Evanczuk, Carolyn Mathas, Jessica 
MacNeil, Janine Love, and Diana 
Scheben—have a great holiday and a 
peaceful and prosperous New Year.EDN

Contact me at patrick.mannion@ubm.com.

Wild rides and hot technologies

I
t’s safe to say that 2012 has been a wild ride for all of us. The macro-
economic climate, from Europe across the oceans to China, has seen 
so much uncertainty and stagnation that corporations and analysts 
alike, for fear of missing their numbers, are making the most conserva-
tive forecasts possible. Indeed, many have already ratcheted back their 
expectations for 2013.
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and receptacles are available in

diameters from .008” (.20mm) to .250” 
(6.35mm). Receptacles feature a 4 or 6 �nger 

beryllium copper or beryllium nickel contact to 
ensure integrity of connection for use in the
harshest environments.

Don’t see what you need? Rapid
prototyping and custom designs are
our specialty.

OVER800STYLESAND
OPTIONS INSTOCK

www.mill-max.com/EDN621

Follow us
MillMaxMfg

Like us
Mill-Max Mfg.Corp.

diameters from .008” (.20mm) to .250” 
(6.35mm). Receptacles feature a 4 or 6 �nger 

beryllium copper or beryllium nickel contact to 
ensure integrity of connection for use in the

prototyping and custom designs are

Suitable for applications subject
to high amounts of vibration

and shock, Mill-Max pins
and receptacles are available in

diameters from .008” (.20mm) to .250” 
(6.35mm). Receptacles feature a 4 or 6 �nger 

beryllium copper or beryllium nickel contact to 
ensure integrity of connection for use in the

OPTIONS



The list of features embodied in Agilent 
Technologies’ InfiniiVision 4000 X-Series 
of DSOs (digital storage oscilloscopes) 

and MSOs (mixed-signal oscilloscopes) raises 
the bar for a class of instruments that has seen 
a steady rise in capabilities.

The 16-model series, whose members Agi-
lent says are fully upgradable, comprises two- 
and four-analog-channel units with band-
widths of 200 MHz to 1.5 GHz. The MSOs 
add 16 digital channels, each with a maxi-
mum sample rate of 1.25G samples/sec and 
a memory depth of 2M samples. US prices 
range from $5600 to $22,000. 

With all analog channels active, the maxi-
mum real-time sampling rate is 2.5G samples/
sec. In the interleaved mode, in which only half 
of the channels are active, the maximum rate 
is 5G samples/sec, and memory depth is 4M 
points. A standard feature is the ability to seg-
ment memory to capture, in one acquisition, 
multiple iterations of short-duration signals. 
The scopes also incorporate the manufac-
turer’s proprietary MegaZoom IV technol-
ogy, with which the instruments can capture 
1 million waveforms/sec, a key to find-
ing anomalous signals that occur only 
infrequently. To avoid aliasing (display 
of nonexistent components in signals 
that contain frequencies above half 
the sampling rate), most users will 
prefer to use the interleaved mode for 
viewing signals that have significant 
content above 1.25 GHz.

The scopes have an 800×600-pixel, 
12.1-in. capacitive touchscreen that 
supports gestures, such as dragging 
panels to desired locations on the 
screen. The MSOs perform five func-

tions: scope, logic analyzer, protocol analyzer, 
optional dual-channel 20-MHz waveform 
generator with arbitrary-waveform-generation 
capabilities, and optional three-digit DVM (dig-
ital voltmeter). All of the scopes incorporate 
a zone-touch trigger facility that lets you use 
the touchscreen to define rectangular zones 
containing waveform features on which you 
want the scope to trigger.

The feature with the biggest wow factor, 
however, is likely to be the ability to use a 
device such as an Apple iPad or any tablet 
that uses Google’s Android OS in place of 
the scope’s own touch-sensitive screen and 
many of the instrument’s front-panel controls. 
You connect the tablet to the scope via Wi-Fi; 
a wired connection would only get in the way. 

Imagine working with a scope on a complex 
setup and being unable to get close enough to 
the scope’s screen to observe tiny waveform 
details. With these scopes, you can tilt back 
in your chair, tablet in hand, and get as close 
a look as you want.—by Dan Strassberg
▷Agilent Technologies,
www.agilent.com

DSOs, MSOs let you use your tablet  
for display, control

talkback
“It’s all very well 
to look back to 
superannuated 
circuits, but it’s 
ultimately a fool’s 
game. Even if a 
useful 40-year-
old circuit were 
discovered, it 
would have to
be shoehorned 
into modern de-
vices and seriously 
tweaked to meet 
modern perfor-
mance goals.”
—commenter atemp,  
responding to the Outside  
the box blog post “Forgotten  
circuits (that should be  
brought back),” at www.edn.
com/4401105. add your own  
comment.

The 200-MHz- to 
1.5-GHz-bandwidth 
DSOs and MSOs in 
Agilent’s moderately 
priced 4000 X-Series 
have a capacitive 
touchscreen that 
supports gestures, 
but users can also 
use an iPad or 
Android tablet.

pulse
INNOVatIONS & INNOVatORS
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NI data acquisition products are the most trusted computer-based measurement 

devices available, offering superior accuracy and maximum performance. 

NI CompactDAQ systems feature more than 50 measurement-specifi c modules and 

complete breadth and depth of I/O. Coupled with the analysis and signal processing 

capabilities of NI LabVIEW software, this platform puts the power of graphical system 

design at your command so you can build any measurement system faster.

LabVIEW offers powerful 
analysis functions for 
sensor and signal 
data, simplifi es GUI 
development, and helps
you program the way 
you think–graphically. 
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Microchip Technology 
Inc unveiled its GestIC 
gesture-based non-

contact technology with the 
recent announcement of what 
it says is the first electrical-field-
based 3-D gesture-controller 
IC, the MGC3130, enabling a 
new class of noncontact user 
interfaces. Based on technol-
ogy acquired with Microchip’s 
purchase earlier this year of 
Germany-based Ident Tech-
nology, the MGC3130 offers 
always-on gesture recognition 
with minimal power require-
ments, permitting its use in 
battery-powered mobile and 
portable designs. 

At its most basic level of 
operation, the MGC3130 can 
detect motion at 200 samples/
sec and 150-dpi resolution 
within a sensing area defined 
in the x-y plane by sensing elec-
trodes and extending into the z 
plane from 0 to 15 cm above 
the sensing area. Beyond that 
basic, “3-D touchpad” capabil-
ity, the MGC3130 uses its on-
chip software library to analyze 
its acquired x/y/z motion data 
and deliver a real-time stream 
of recognized 3-D gestures to 
a host MCU. 

Using external electrodes 
and  the  hos t  MCU,  the 
MGC3130 combines both 
hardware and software to offer 
a complete 3-D gesture-rec-

ognition solution with minimal 
external components. Deliv-
ered in a 5×5×0.9-mm, 28-lead 
QFN package, the mixed-signal 
device integrates a signal-pro-
cessing unit, 32-kbyte flash, 
12-kbyte RAM, and one trans-
mit and five receive channels.

The MGC3130 offers I 2C and 
SPI links for streaming sensor 
x/y/z data or post-analysis 
gesture information to the host 
MCU. The chip consumes 9 µA
in deep-sleep mode, 45 µA 
in programmable self-wakeup 
mode, and 30 mA in processing 
mode (all typical values at 3.3V). 

Tx signal generation uses fre-
quency hopping between 70 
and 130 kHz to find the opti-
mal operating frequency in the 
presence of noisy environmen-
tal conditions. Each of the five 
identical Rx channels includes 
a signal-conditioning circuit that 
filters and amplifies the analog 
signal before driving it to a dedi-
cated ADC. 

At the heart of the MGC3130’s 
implementation of the GestIC 
technology, Microchip’s on-
chip Colibri software performs 
sensor-data analysis and ges-
ture recognition. Stored in the 
MGC3130’s 32-kbyte flash, the 
Colibri software library uses a 
hidden Markov model algo-
rithm—similar to the method 
used in voice recognition—for 
recognizing gesture patterns. 

The initial release of the Colibri 
library identifies predefined hand 
gestures, including flick, circular, 
and symbol gestures (such as a 
“check mark” hand movement). 

On-chip hardware- and 
software-based power-man-
agement features combine to 
enable “always on” gesture 
detection while maintaining 
low-power operation for bat-
tery-powered applications. In 
this method, called approach 
detection, Colibri uses the 
device’s built-in self-wakeup 
mode to alternate between 
sleep and scan operation. 
When an object in the e-field 
exceeds specif ied thresh-
old values, the MGC3130 will 
switch to processing mode 
and wake up the host MCU 
as needed. 

Within the approach-detec-
tion sequence, the device 
performs an approach scan, 

typically requiring only one Rx 
channel to minimize power 
consumption. Engineers can 
set the time between approach 
scans, typically in a range from 
20 to 150 msec for most appli-
cations. Although the device 
automatically handles tem-
perature compensation, the 
MGC3130 can also perform 
a calibration scan, which is 
required for applications using 
basic x/y/z position data. Here, 
the device activates several 
Rx channels to calibrate sen-
sor signals. To reduce power 
consumption, engineers can 
reduce the interval between 
calibration scans during peri-
ods with low user activity. 

For MGC3130 evaluation 
and development, Microchip 
offers the Sabrewing Single-
Zone Evaluation Board, which 
contains MGC3130 reference 
circuitry and two sets of select-
able frame electrodes (5 and 
7 in.). The development kit 
also comes with Microchip’s 
Windows-based Aurea con-
trol software, which includes 
MGC3130 real-time sensor 
data display, 2-D and 3-D visu-
alization of position, visualiza-
tion of recognized gestures, 
AFE parameterization, and a 
GestIC library loader. 

Microchip has provided a 
video demo of GestIC tech-
nology and the MGC3130 in 
action, viewable from the online 
version of this article at www.
edn.com/4401197. 

Samples of the Microchip 
MGC3130 are available now, 
and volume production is 
expected in April 2013, with 
high-volume pricing at $2.26 
each. The Microchip Sabrewing 
MGC3130 Single Zone Evalu-
ation Kit is available now for 
$169. The Aurea graphical user 
interface is available now via 
free download.

—by Stephen Evanczuk
▷Microchip Technology,
www.microchip.com

DILBERT By Scott Adams 

Microchip elevates HMI design with 
e-field-based 3-D gesture-recognition chip

The MGC3130 combines both 
hardware and software to 
offer a complete 3-D gesture-
recognition solution with 
minimal additional external 
components.

pulse
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Generate thhee eexxaacctt waveforms you want. 
Introducing AAgilleennt Trueform technology.m

33500B Series Waveform Generators

Sine waves with 5x lower harmonic distortion

Pulses up to 30 MHz with 10x less jitter

Point-by-point arbitrary waveforms with sequencing

16  -bit resolution with 1 mVpp to 10 Vpp amplitude

8 upgradable models in 20 & 30 MHz

Agilent 33500B Series waveform generators 

with exclusive Trueform signal generation 

technology offer more capability, fi delity 

and choice than traditional DDS generators. 

Get the precision and fl exibility you need to 

characterize new components and designs 

with superior confi dence. And accelerate 

development from start to fi nish.

Scan the QR code or 
visit  goo.gl/XTpPE 
to view a 33500B 
Series demo and 
learn more about 
Trueform technology

Get a 30 MHz 33500B Series waveform 

generator for the price of a 20 MHz*

www.testequity.com/Agilent_Function

© Agilent Technologies, Inc. 2012  *Certain restrictions apply.

800-732-3457 

www.testequity.com/agilent

Agilent and our 

Distributor Network
Right Instrument. 
Right Expertise. 
Delivered Right Now.

http://www.goo.gl/XTpPE


GainSpan Corp, a spe-
cialist in low-power 
embedded Wi-Fi for 

the Internet of Things, is offer-
ing an audio ADK (application 
development kit) for integrating 
audio-streaming services into 
end products based on Gain-
Span Wi-Fi modules.

The audio ADK is a complete 
reference design that promises 
to accelerate time to market—
while allowing flexibility of design 
and customization—for products
that deliver music and live 
audio over Wi-Fi. With the 
ADK, users can stream audio 
(MP3 format or real-time voice) 
between a Wi-Fi-enabled device 

and an iOS-based smartphone. 
The kit includes an audio 

application board, complete 
hardware-design package, and 
software suite with reference 
source code for the GainSpan 
audio embedded firmware and 
iOS-based mobile applications. 

An audio application evalua-
tion kit is also available; the kit 
provides a binary version of the 
software and can be used to 
demonstrate various applica-
tion use cases. 

The audio board features 
the GainSpan Wi-Fi module, 
which communicates with an 
audio codec chip over the SPI 
bus; a microphone; an ampli-
fier to drive external speakers; 
and a walkie-talkie button. The 
board has line-in ports to con-
nect to external audio sources 
and line-out ports for connect-
ing to external speakers or 
headphones, a WPS button 
for easy setup of the wireless 
network, serial flash for storage 
of custom Web pages and/or 
backup firmware, and status- 
and mode-indicator LEDs. 

The embedded software that 
runs on the Wi-Fi module offers 

complete Wi-Fi functionality, 
including the entire network-
ing stack and services, wire-
less security, and provisioning 
software. 

The audio ADK can be used 
with the GainSpan GS1500M 
802.11b/g/n solution or the 
GS1011M, an ultralow-power 
802.11b solution for battery-
operated devices. It’s available 
now at $3000. The evaluation 
version of the kit is available for 
$250.—by Clive Maxfield
▷GainSpan,
www.gainspan.com

GainSpan simplifies 
wireless audio  
with audio app dev kit

The kit includes an audio 
application board, complete 
hardware-design package, 
and software suite.

pulse

16  EDN  |  DECEMBER 2012 [ www.edn.com ]

2GHz Signal Generator
SG382 ... $3900

10 MHz Rubidium Std.
FS725 ... $2695

Distribution Ampli� ers
FS735 ... from $950

2 GHz Clock Generator
CG635 ... $2995

Test Solutions
     ... from SRS !

ADK users 
can stream 

audio between 
a Wi-Fi-enabled 
device and a 
smartphone.



Georgia Institute of Tech-
nology researchers, 
working with a team 

from French national synchro-
tron facility Soleil, have fabri-
cated graphene structures 
on nanometer-scale “steps” 
etched into silicon carbide to 
create an electronic bandgap 
that would be suitable for room-
temperature electronics.

The researchers reported a 
measured bandgap of approxi-
mately 0.5 eV in 1.4-nm bent 
sections of two-layer gra-
phene nanoribbons. They are 
uncertain why the nanoribbons 
become semiconducting as 
they bend to enter the roughly 
20-nm-deep steps cut into the 
SiC wafers, but they point to 

lattice strain and electron con-
finement as likely factors. 

The team used e-beams to 
cut trenches into SiC wafers 
and then used photolithogra-
phy to grow tens of thousands 
of graphene ribbons across 
the steps. Confirmation of the 
bandgap came from angle-
resolved photoemission spec-
troscopy measurements made 
at the synchrotron facility in 
France. Theorists had predicted 
that bending graphene would 
create a bandgap in the mate-
rial, but the measured bandgap 
exceeded the predictions. 

The technique could open 
the door to fabrication of all-
graphene ICs without the need 
for interfaces that introduce 

resistance, according to the 
researchers. On either side of 
the semiconducting section of 
the graphene, the nanoribbons 
retain their metallic properties.

“We can make thousands 
of these trenches, and we can 
make them anywhere we want 
on the wafer,” says Georgia 
Tech professor Edward Con-
rad. “This is more than just 
semiconducting graphene. The 
material at the bends is semi-
conducting, and it’s attached to 
graphene continuously on both 
sides. It’s basically a Schottky-
barrier junction.” By growing 
the graphene down one edge 
of the trench and then up the 
other side, the researchers 
could, in theory, produce two 

connected Schottky barriers. 
Next, the team will look to 

build transistors and other 
devices with the approach. 
They hope to get a better han-
dle on what creates the band-
gap and how to control it. 
“There are probably a range of 
heights in which we can affect 
the bend,” Conrad says.

—by Diana Scheben
▷Georgia Tech,
www.gatech.edu

Nanofabrication yields usable bandgap 
for graphene-based electronics

The diagram shows the 
experimental geometry 
of measuring graphene in 
silicon-carbide trenches. The 
measured electronic bandgap 
in the researchers’ material 
exceeded predictions.

4GHz Signal Generator
SG384 ... $4600

Frequency Counter
SR620 ... $4950

30MHz Function/Arb Generator
DS345 ... $1595

6 GHz Signal Generator
SG386 ... $590010MHz Rb Oscillator

PRS10 ... $1495

Building on our rich 30 year history of designing high 
performance scientifi c and engineering test equipment, 
SRS now offers a broad line of RF instrumentation.

SRS products are not only affordable, but they offer 
incredible performance — like the new SG386 
DC to 6 GHz Signal Generator which has outstanding 

specifi cations and sells for about 1/3 the price of 
competing instruments.

Please visit us at www.thinkSRS.com, or call us at 
408-744-9040 for details on these products as well 
as our full line of instrumentation.  

DECEMBER 2012 |  EDN  17[ www.edn.com ]



pulse

Why did you get into this 
market?

A
It all started with the Air 
Force in the late 1960s. 

They determine what your 
aptitude is, so they figured it 
out for me and set me up with 
radar. Before I knew it, I was 
in charge of a radar site on 
Long Island, where my job 
was to tweak the radar to 
make it work at its best. 

In this position, I could buy 
all the test equipment I wanted; 
the frustration was that I wasn’t 
able to calibrate range accu-
racy. I was dependent on send-
ing an airplane out and hav-
ing the pilot tell me where he 
was; then I would look at the 
screen to see if [the data] was 
the same. 

At GE, I developed a tech-
nique to adjust for range accu-
racy on a missile’s surface fuse, 
and I had to teach this tech-
nique to Air Force personnel. 
That’s when I got the idea for 
the delay line: Wouldn’t it be 
neat if we could have a signal 

go into an instrument and come 
out the exact same way, but at 
a later time?

Later, I  started my own 
manufacturer’s representative 
company, Eastern Instrumen-
tation, because of my love of 
test equipment. In the 1990s, 
during the telecom boom, we 
found ourselves dabbling in the 
fiber-optic market. I realized 
that because of the low inser-
tion loss of fiber-optic cable, 
we could spool many miles of 
cable and create the delay line 
that I’d been dreaming about 
for years. I founded Eastern 
OptX in 1996 and started deliv-
ery of the systems in 1997. It 
has taken off nicely.

What has surprised you over 
the years? 

A
Many engineers today 
believe everything can 

be solved with digital tech-
niques. I’d like to point out that 
analog is still alive and kicking. 
There are some good things 
coming out of the digital era; 

for example, virtual/synthetic 
instruments have done an 
incredible job of allowing you 
to reconfigure instruments. 

I’m also surprised [by the] 
advances in microwave over 
fiber. Inspired by these devel-
opments, we are trying to marry 
the best of synthetic instru-
ments with RF-over-fiber tech-
niques to come up with inter-
esting instruments for avionics 
and general-purpose test. 

[For example,] a virtual instru-
ment on the front end of an 
altimeter tester will give you 
range, but there are other 
things that you need to mea-
sure, such as phase noise, 
spurious, sweep linearity of the 
transmit signal, power levels, 
and receiver sensitivity. A good 
front-end virtual instrument in 
front of the delay simulation 
would be a winner, especially 
in the development labs.

What did you think we’d 
be able to do by now that 
we still can’t? 

A
The first has to do with 
RF-over-fiber adoption. 

We can do some interesting 
things with RF over fiber, like 
take one fiber and route 16 or 
more RF signals over it using 
WDM technology. That could 
eliminate 16 RF cables, reduc-
ing the weight and cost of a 
military system. The frustrating 
thing is that the prime con-
tractors and DOD are reluc-
tant to pull out the coaxial 

cable and replace it with fiber. 
Second, in the 1980s, Al 

Schwartzman, a visionary at 
Lockheed, predicted that all 
the signal processing would 
be done right at the antenna, 
without need for downconver-
sion. We still aren’t quite there.

Third, you still can’t measure 
RF power to any degree of accu-
racy. You can get a voltmeter to 
seven digits, but RF measure-
ment for power is at 5% accu-
racy or worse. Engineers look at 
their power meters and report 
the results confidently, but when 
you really look at the accuracy 
it’s at 4% to 5%. Power-meter 
vendors’ spec sheets can be 
very misleading, so perhaps 
people think they are getting 
more accurate power measure-
ments than they really are. 

What’s next for avionics 
test?

A
The hybrid instrument: 
marrying a virtual instru-

ment with analog techniques. 
This will require a lot of creativ-
ity. Also, you will see fewer six-
foot-tall test racks that are 
three bays wide because so 
much will be in one instrument, 
and it will be software driven. 

Advice for new engineers?

A
I help grade the senior 
projects at a local uni-

versity. These kids know how 
to make a computer do all 
kinds of things, but they don’t 
have a good handle on ana-
log. My advice is to take RF/
analog courses. RF engineer-
ing is black magic, and most 
of us doing it have gray hair. 
This is going to be a problem. 

Also, young engineers should 
take courses to improve their 
communication skills, both ver-
bal and written. [When they pres-
ent their projects], many seniors 
are not able to tell me what the 
thing does or why they invented 
it, even if it is a great project.

—interview by Janine Love 

VOICES
Hybrid instruments  
and RF over fiber,  
viewed from 30,000 feet

Jerry Lomurno founded Eastern OptX in 1996 and shepherded 
its rise to market leader in microwave delay lines based on 
fiber-optic technology. After leaving the US Air Force in 1968, 

Lomurno joined a General Electric calibration laboratory, where he 
perfected a technique for verifying the accuracy of surface fuses. 
Building on his passion for microwave test, he founded Eastern 
Instrumentation of Philadelphia in 1972 and later founded EOX 
Sales; both manufacturers’ reps today represent tier-one test ven-
dors. In an interview for a new EDN series, Profiles in Test (www.
edn.com/4399298), the Eastern OptX president shared his vision 
for hybrid test gear and RF-over-fiber installations in avionics, 
described the developments in his field that have surprised and 
sometimes frustrated him, and offered advice for new engineers.
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The purest 
signals for A/D 
converter tests
For reliable results at the digital output, you have to feed the
converter’s input with the purest analog signals available 
during development. That’s where the ¸SMA100A comes 
in. With nonharmonics of typ. –100 dBc and a wideband noise 
figure of typ. –160 dBc up to 750 MHz, the ¸SMA100A is 
at the top of its class in signal quality. This gives you maximum 
confidence in your converters’ capabilities.
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www.rohde-schwarz.com/ad/sma/edn

¸SMA100A (9 kHz to 3/6 GHz)



Imagine two parts of an electronic 
system. When device A sends to B, a 
signal current flows between them. At 
the same time, an equal and opposite 
current, called the returning signal cur-
rent, flows back to A through the power 
or ground system. Current always makes 
a loop in that way. A ground loop is a 
situation where there exists more than 
one path for the flow of returning 
signal current. 

Audio designers like single-
point ground networks. Such a 
network of ground connections 
has the topology of a tree, with 
one main trunk and many branch-
es and sub-branches. None of the 
branches touch, so it contains 
no loops. In this type of network 
there exists only one ground path 
between any two devices. When 
A sends to B, the returning signal 
current disturbs the ground along 
that path, affecting everything 
that touches that path or branches 
from it, but does not affect devices 
connected to other parts of the 
tree structure (Figure 1). That 
property provides a measure of 
isolation between devices. 

In Figure 1, what happens if A
sends to C? In that case, returning 
signal current must traverse a big 
section of the main trunk, pol-
luting almost everything in the 

structure. Single-point ground networks 
provide isolation only when commu-
nications remain localized to isolated 
sections of the network. 

Suppose the main trunk of the 
ground system comprises 12 in. of #18 
gauge wire having a dc resistance of 6.5 
mΩ. Assume that an audio-frequency 
current of 1A (that’s 8W into an 8Ω

speaker) traverses the main trunk. The 
ground noise observed from one end 
of the ground wire to the other equals 
1A×6.5 mΩ, or 6.5 mV. Compared with 
an audio reference level of perhaps 4V, 
the headroom in the circuit, defined 
as the difference between the standard 
reference level and the ground noise, 
equals a mere 56 dB—enough possibly 
for cheap consumer-grade audio, but 
not within a factor of a thousand of 
acceptable performance for high-end 
audio. Good audio equipment uses a 
single-point ground system and keeps 
disparate circuits confined to isolated 
sections of the tree. 

In the digital world, the resistance 
measured from side to side across a solid-
copper ground plane is on the order of 
1 mΩ. A current of 25A induces ground-
voltage differences on the order of only 
25 mV or less. Digital circuitry easily 
tolerates that level of noise, so in most 
cases we simply do not need the com-
plication of single-point grounding for 
ordinary digital logic. 

In addition, all electronic systems 
suffer mutual-inductive coupling whose 
severity grows in proportion to the band-
width of the signals involved. Because 
digital systems operate millions of times 
faster than audio systems, they suffer 
a correspondingly increased degree 
of inductive coupling, which, if not 
checked by the low-inductance proper-
ties of a solid plane, would incapacitate 
most modern digital electronics. 

We must have solid planes to control 
inductive crosstalk in digital products; 
that is the planes’ main function.EDN

Howard Johnson, PhD, of Signal Con-
sulting, frequently conducts technical 
workshops for digital engineers at Oxford 
University and other sites worldwide. Visit 
his Web site at www.sigcon.com, or e-mail 
him at howie03@sigcon.com.

Ground loops

I
design audio circuits. My mentor taught me to avoid ground loops at all 
costs, yet in digital products I see a solid ground plane holding hundreds 
of circuits. Between boards, I see a web of ground-referenced connections 
shooting off in all directions. How can this possibly work?

—Silence Dogood, 
Analog rules

BY howard johnson, phd

S I G N A L  I N T E G R I T Y
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Single-point 
grounding provides 
isolation between 
localized regions.

Figure 1 Communication from A to B pollutes  
all circuits that lie along the green path or 
branch from it; circuit C remains unaffected.

B

C
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S
ince its introduction of the iPad nearly two and a half years ago, Apple 
has held the lion’s share of the tablet market. About a year ago, how-
ever, Amazon.com shook the tablet landscape by introducing the first 
sub-$200 tablet, the Amazon Kindle Fire, taking advantage of the vast 
library of online titles at its disposal. Soon after, search-engine leader 

Google parlayed its experience with previous electronics releases into the Google 
Nexus 7, another sub-$200 tablet featuring impressive specifications, such as a 
quad-core processor and a rich display that was unexpected at that price point. 
Subsequent upgrades of the upstart tablets, such as the Kindle Fire HD, caught consumers’ attention.

With the 7-in.-tablet market growing at an exponential rate, it was only a matter of time before Apple addressed 
this product segment. Though Steve Jobs had argued that 7-in. tablets were “too big to compete with a smartphone, too 
small to compete with an iPad,” on Oct 23 Apple CEO Tim Cook introduced the iPad mini.

Read more about the iPad mini at 
www.edn.com/4400795.

EDN partner TechInsights publishes
even more teardowns at 
www.ubmtechinsights.com/teardowns. 

WANT MORE?T E A R  D O W N ALLAN YOGASINGAM •  UBM TECHINSIGHTS

iPad mini: pint-sized iPad 2, 
or supersized iPod Touch?

+

+
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Using a heat gun softens the 
adhesive around the touch-
screen. Once the glue is soft, 
the touchscreen removes 
rather easily.

Separating the LCD panel 
from the metal enclosure 
requires the removal of 
screws.

Offering a 7.9-in. LCD display with 163 pixels/
square inch, the iPad mini weighs in at 0.68 
pound with a relative thickness of 7.2 mm. It 
boasts the same A5 dual-core processor found 
in the iPad 2, Wi-Fi accessibility, and the 
availability of an LTE-enabled model. Apple’s 



®

Find it at 
mathworks.com/connect
supported hardware list
trial request

Q

Hardware Support includes
Agilent, Tektronix,
LeCroy, Rohde & Schwarz, 
National Instruments,
Anritsu, Keithley, 
Yokogawa, Tabor, 
Pickering, and more  

Protocols and Standards 
supported include
GPIB, LXI, IVI, PXI, AXle, 
TCP/IP, VISA, USB, UDP, 
and RS-232

©2012 The MathWorks, Inc.

MATLAB is a registered 
trademark of The MathWorks,Inc. 
Other product or brand names 
may be trademarks or registered 
trademarks of their respective 
holders.

connect
matlab to
your teSt 
Hardware 

Connect your test equipment directly to 
MATLAB using standard communication 
protocols and instrument drivers that 
support thousands of instruments.  
You’ll be able to analyze and visualize your 
results as you collect them, using the full 
power of MATLAB.

with INSTRUMeNT CONTROL and

DATA ACqUISITION TOOLBOXeS 

®

®



The main board is glued to the iPad mini’s 
back, so the board’s removal requires brute 
force.

The Broadcom 
BCM5976, which 
has been found 
in the iPad 3, the 
MacBook Air, and 
the iPhone 5, has 
two sockets in the 
mini. Broadcom 
also scored a 
design win in 
the mini for its 
BCM4334 four-in-
one combo wireless 
chip, which was 
also found in the 
Samsung Galaxy S3 
and the iPhone 5.

Once the metal hous-
ing plate of the LCD 
display is removed, the 
main battery and main 
board become visible. 
Apple claims 16.5 Whr 
and 10 hours of opera-
tion between charges 
for the iPad mini’s 
battery, which it also 
says is the thinnest 
lithium-ion battery 
to date. Sizewise, 
however, the battery 
closely resembles that 
of the iPad 3.

The main CPU is the 32-nm 
Apple A5 applications pro-
cessor, made by Samsung. 
Manufactured using a gate-first 
high-k/metal-gate process, 
this version of the A5 has a die 
with an area of 69.7 mm2 and a 
thickness of 110 μm.

24  EDN  |  DECEMBER 2012 [ www.edn.com ]

designers drove the selection of the larger display size, believing the resultant bump up in screen area from 21.9 to 
29.6 square inches would enhance the user experience of the iOS 6 operating system.

Looking at Apple’s decision to forgo a Retina-based display and a faster processor from a functional perspective, one 
has to wonder whether the move simply was in line with Apple’s concept of iterative improvements—whetting consum-
ers’ appetites for an iPad mini 2—or whether it was design driven, as a faster processor and more vibrant display might 
have put heavy demands on the 16.5-Whr battery and jeopardized the energy-conserving reputation of Apple products. 
The Apple pessimist will see the Pad mini as half an iPad 2; the Apple optimist will call the mini a supersized iPod 
Touch. The marketplace will decide whether the new tablet is worth its $329 price tag.

T E A R  D O W N
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mechatronics

FRESH IDEAS ON INTEGRATING 
MECHANICAL SYSTEMS, 
ELECTRONICS, CONTROL SYSTEMS, 
AND SOFTWARE IN DESIGN

T wo complementary concepts—automatic code genera-
tion and the inexpensive, open-source, single-board 
microcontroller—have reinvigorated innovation in 

engineering practice and education. 
Automatic code generation from system block diagrams 

has been around for decades and is an entrenched way of 
developing embedded control systems and performing hard-
ware-in-the-loop testing at many aerospace and automotive 
companies; today, it is rapidly moving into other industries. 
The Arduino microcontroller debuted in 2005 and has quick-
ly become a favorite of inventors and students. 

Computer programming and implementation can seem so 
out of place in engineering problem solving that engineers 
often relegate the tasks to a specialist. “Engineer programmer” 
is an oxymoron. 

I have said, however, that the human, the computer tools 
(software and hardware), and the problem should all be in 
perfect harmony throughout the problem-solving process. 
The combination of graphical programming using block dia-
grams, automatic code generation from the block diagrams, 
and implementation on an easily understandable yet powerful 
microcontroller comes close to that ideal.

Honeywell observed in 2005 that the typical software 
process injects 100 defects, due to both design and coding 
errors, per 1000 lines of source 
code using manual processes. 
The company has automated 
software manufacturing through 
automatic code generation and 
has demonstrated the achieve-
ment of six-sigma quality—that 
is, not more than 3.4 defects per 
million opportunities. Northrop-
Grumman, for its part, has fine-
tuned the process of going from 
the desktop directly to flight 
code on flight hardware. Rapid 
prototyping and hardware-in-
the-loop testing are now the 
rule, rather than the exception.

Automatic code generation 
and Arduino
The combination is unbeatable for students and practicing engineers alike.
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What could possibly excite an 
engineer or engineering student 
more than solving a real-world 
problem? Seeing one’s solution 
implemented in hardware does 
precisely that. 

While teaching model-based 
design and controls over the past 
20 years, I have not seen a more 
exciting, effective, and accessible 
problem-solving combination than 
graphical block-diagram program-
ming, as is done in the Matlab/
Simulink environment, and auto-
matic generation of C code for a 
microcontroller, as is done using 
the Arduino microcontroller with 
the Simulink Coder. Today, all manner of robots and self-
balancing transporters are conceived, modeled, simulated, 
controlled, and virtually prototyped before construction, in 
a way that all engineers embrace.

Ours is an age of diminishing meaningful human interac-
tion. A university engineering program’s value, then, lies in 
demonstrating the importance of such interaction through 

faculty-student mentoring and 
education in the context of real-
world, human-centered, team-
based problem solving. 

Automatic code generation 
and the Arduino microcon-
troller should be a part of that 
strategy from the beginning of 
an engineering student’s career. 
Innovative concepts, expressed 
graphically for all to see and 
understand,  automatically 
become real-time instructions 
for a computer, and then become 
real-world actions that make a 
difference.EDN

The Arduino open-source, single-board microcontroller is 
a favorite of inventors and students.

Kevin C Craig, PhD,
is the Robert C Greenheck 
chairman in engineering 
design and a professor of 
mechanical engineering at 
the College of Engineering 
at Marquette University. 
For more mechatronics 
news, visit mechatronics 
zone.com.
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G
overnment regulations around the world that 
mandate the phaseout of incandescent lightbulbs 
are powering a paradigm shift to solid-state light-
ing technologies. LED lighting offers significant 
advantages over alternatives, especially as LED 
bulbs’ lumens-per-watt performance increases 

and their cost per lumen declines. 
A longer operating lifetime and a lower operating cost 

per watt-hour are among LED technologies’ main benefits 
over the traditional incandescent bulbs they replace. The 
robustness of solid-state lighting technology, compared with 
the relative fragility of incandescent and halogen bulbs, is 
a key selling point with consumers. An incandescent bulb 
typically has a life expectancy of 1000 hours (Reference 1). 
LED bulbs, by contrast, promise 50,000 hours of operating life 
or longer (Reference 2) while consuming only approximately 
20% of the power for the equivalent light output. 

Scott Brown • iwatt Inc
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OptiMizing 
opEratiNg 
lifE for 
LED-BaSED
LIghtBuLBS
LED BuLBS promISE 25 yEarS of SErvIcE, provIDED
DESIgnErS managE tEmpEraturE, rELIaBILIty, 
anD DImmIng controL. thE kEy to SuccESS IS
thE DrIvEr ImpLEmEntatIon.
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If designers don’t take the necessary 
precautions, however, LED lighting may 
fall short of its promise of letting the 
consumer go nearly 25 years without 
changing a bulb. The complexity and 
reliability of LEDs and their driver cir-
cuits, which must be compatible with 
legacy dimmer technology, are areas of 
concern that designers must address in 
order to maximize LED-based lighting 
systems’ operating life. 

LEDs require constant dc current at 
voltages well below the rectified ac line 
voltage for proper operation and thus 
need to be driven by a circuit that con-
verts the standard ac line voltage down 
to a usable level. In order to make LED-
based bulbs compatible with standard 
light sockets, the designer must inte-
grate the driver circuit into the bulb. 
If not handled properly, such integra-
tion increases an LED bulb’s potential 
failure mechanisms. 

The legacy drivers previously avail-
able for LED bulbs required large num-
bers of external components, costly iso-
lation components, and special design 
strategies to prevent them from causing 
long-term degradation of key compo-
nents (such as electrolytic capacitors). 
Integration of the driver circuit now 
makes the bulbs susceptible to reli-
ability issues, such as infant mortality 
or degraded MTTF (mean time to fail-
ure) rates. 

MTTF, the measure of the amount of 
time until first failure, is normally calcu-
lated based on the number and type of 
components, using the FIT rates (failures 
in time, measured relative to 1 billion 

hours of operation) of each component 
in the circuit. Because the driver circuit 
transforms a high ac voltage (100V ac/
220V ac) down to a dc voltage that can 
be used to power the LEDs, electrical 
isolation is necessary for safety reasons. 

In a typical electrically isolated ac/dc
converter, a discrete optoisolator, or 

optocoupler, provides feedback from 
the secondary side to the controller 
on the primary side by converting an 
electrical signal to light, sending that 
signal across an isolation barrier, and 
then converting it back to an electrical 
signal (Figure 1). Because optocouplers 
have higher FIT rates than semiconduc-
tor components, they reduce the MTTF 
rating for the overall circuit. 

Additionally, the optocoupler’s 
current-transfer ratio can change over 
time and temperature as a result of aging 
effects. Such variation can affect the 
loop stability of the power supply and 
thereby shorten the life of the LED driv-
er circuit. Though many LED lamps and 
luminaires can operate at an elevated 
PCB temperature, designers must elimi-
nate the weak links in order to achieve 
the desired long lifetime. 

Figure 2 shows iWatt’s primary-side
digital control technology, PrimAccurate.
The proprietary approach uses real-
time waveform analysis to sense the 
LED current via the primary side of the 
isolation transformer, eliminating the 
need for direct feedback from the out-
put while maintaining tight constant-
current regulation for the LED string.

An additional benefit of the tech-
nology is internal feedback-loop com-
pensation, which simplifies the design 
and reduces the external-component 
count. In particular, elimination of the 
optocoupler—the component with the 
highest FIT rate—increases the reli-
ability of the LED driver circuit and 
thus improves the overall reliability of 
the bulb. 

AT A GLANCE
↘ LEDs require circuit drivers that 
convert standard ac line voltage 
to usable dc current and voltage.

↘ In order to make an LED-based 
bulb compatible with standard light 
sockets without compromising 
operating life, the designer must 
integrate the driver circuit in a way 
that does not increase the bulb’s 
potential failure mechanisms.

↘ Because the driver circuit 
transforms a high ac voltage down 
to a dc voltage, electrical isolation 
is necessary. One approach uses 
real-time waveform analysis to 
sense the LED current via the 
primary side of the isolation 
transformer, eliminating the need for 
direct feedback from the output 
while maintaining tight constant-
current regulation for the LED string.

↘ A two-step approach to driving 
LEDs uses an initial boost converter 
to provide the necessary impedance 
to load the dimmer—reducing 
potentially damaging inrush 
current—and to bring the input 
current back into phase with the line 
current, improving the overall power 
factor of the circuit.

Figure 1 The feedback circuit in a typical offline LED driver circuit requires secondary-side regulation via an optocoupler and many 
discrete components, resulting in a large bill of materials and a lower overall lifetime for the LED driver.
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The LED bulbs being manufactured 
today must also be backward compatible 
with the lighting technology already in 
place in family homes. Dimmers provide 
ambience in the home, and one ben-
efit of LED lighting as an alternative to 

incandescent bulbs is that LEDs can eas-
ily be dimmed to match incandescent-
bulb characteristics more effectively 
than can compact fluorescent bulbs.

The LED driver, however, needs 
to manage several factors to support 

the dimmer function, including dim-
mer detection, compatibility, and light 
flicker. To optimize the operating life 
of the lighting system, a concern is the 
durability of the dimmer when used 
with an LED driver. 

Figure 2 PrimAccurate primary-side digital control architecture reduces the LED driver circuit’s external component count and  
eliminates the need for an optocoupler, thereby improving solid-state-lighting bulb reliability.
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The typical Type A-lamp incandes-
cent bulb is purely resistive. When a 
dimmer is used to control the brightness 
of a traditional A-lamp, the resulting 
load on the dimmer is also purely resis-
tive, and the current through the dim-
mer is constant and controlled. 

An LED driver is effectively a cur-
rent source, however, and its 
input looks highly capacitive to 
the dimmer, which on startup 
will see a large spike of inrush 
current to charge up that capaci-
tive load before stabilizing the 
current at a much lower level. 
This inrush current is poten-
tially damaging to a standard 
dimmer and must be reduced 
to avoid compromising the dim-
mer-circuit lifetime.

One solution to the dimmer 
inrush problem is to use a two-step 
approach to drive the LEDs instead of 
using a straight flyback converter, which 
has highly capacitive input impedance. 
In the two-step approach, the initial 
stage increases the impedance to a man-
ageable level and thereby reduces the 
inrush current, providing the safety and 

protection necessary for the dimmer. 
The iWatt iW3616 LED driver 

(Figure 3) uses a two-stage approach 
with an initial boost converter whose 
function is twofold: first, to provide 
the necessary impedance to load the 
dimmer, reducing the inrush current, 
and, second, to bring the input cur-

rent back into phase with the line cur-
rent, improving the power factor of the 
overall circuit. The approach not only 
enables a longer-lasting dimmer but 
also can provide a high power factor. 
The digital control block that provides 
the primary-side control in the iW3616 
contains algorithms for detecting and 

operating with virtually all dimmers 
available in the market. The same 
algorithms control the boost converter, 
optimizing the circuit’s dynamic input 
impedance to increase the power factor 
and reduce the inrush current. 

An equally important concern when 
optimizing the operating life of LED-

based bulbs is the expected life-
time of the LEDs themselves. As 
is the case for any semiconductor 
component, the higher an LED’s 
operating junction temperature, 
the shorter its life expectancy. 
Electrolytic capacitors also have a 
life expectancy that is dependent 
on operating temperature.

One solution is to derate the 
current driving the LED and sim-
ply use more LEDs to generate 
a specific light output, resulting 

in less heat generation per LED and 
therefore a lower junction temperature. 
The approach extends the bulb operat-
ing life, but at a trade-off of a higher 
solution cost due to the higher number 
of required LEDs. Further, it does not 
accommodate external factors, such 
as the physical properties of the light 
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Figure 3 The circuit in this example of a two-stage, high-power-factor-correction LED driver (the iW3616) uses an NTC resistor  
to provide LED overtemperature protection and derating, thus extending bulb lifetime. 
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Like This?
For more articles on  
LED-based lighting system 
design, go to www.edn.com/
design/led.
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fixture, that may contribute to higher-
than-expected heat. 

An alternative method is to optimize 
the maximum LED current by estab-
lishing a maximum junction tempera-
ture that would trigger a reduction in 
the LED current in order to prevent 
degradation. Digital LED driver con-
trollers are available that implement 
a two-stage protection scheme, letting 
the designer use a single external device 
to program the maximum LED tempera-
ture. An NTC (negative temperature 
coefficient) resistor is placed physically 
near the LED cluster to act as a tem-
perature monitor. The NTC resistor 
connects to the LED driver IC, which 
uses the temperature-feedback device to 
protect the LEDs. 

The iW3616 shown in Figure 3 uses 
an NTC device to protect the LEDs 
in an LED bulb. If the LED cluster 
reaches the programmed maximum-
temperature threshold set by the 
NTC component, the controller reduces 
the LED current in 10% increments 
until the temperature stabilizes. If the 
temperature drops, the LED current 
steps back up to its maximum pro-
grammed value in equal and opposite 
10% increments, with an appropriate 
amount of hysteresis to prevent oscil-
lations. If a major failure event occurs, 
a fail-safe mode reduces the current 
through the LEDs to 1% of programmed 
output current. This overtemperature-
protection topology offers flexibility in 
the design of the LED bulb and peace of 
mind that the bulb will be fully protect-
ed under extreme operating conditions.   

LEDs have evolved to a point at 
which cost and light output have equal-
ized across competitive solutions, and 
LED lighting is gaining momentum as a 
realistic replacement for incandescent 
lighting in the home. The key to the 
success of this new technology is in the 
implementation of the driver. Besides 
the obvious parameters of efficiency 
and cost that every designer strives 
to optimize, the additional factors of 
temperature, dimming control, and 
reliability are the true keys to guaran-
teeing the long operating life promised 
by LEDs.EDN

RefeRences 
1 “Osram Classic A Incandescent Bulb, 
Product Family Data Sheet,” Osram 
GmbH, 2012, http://bit.ly/TIDjtc.

2 “Lifetime of White LEDs,” US Depart-
ment of Energy white paper, September 
2009, http://1.usa.gov/T6fxew.
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LOOKING 
AHEAD TO

his past year certainly saw its share of high-profile 
technology news. Headline-making items 
included the introduction of various consumer 
tablets and smartphones; the success of the
Mars Curiosity rover; the discovery of the “God 
particle”; the release of the $25, credit-card-sized 

Raspberry Pi computer; and even a high-tech-enabled human base 
jump from the edge of space.

But there was also much more happening on the technology 
front. Here, EDN editors and guest contributors examine some 
of the hot trends and technologies in 2012 that will shape next 
year’s technology news.

his past year certainly saw its share of high-profile 
technology news. Headline-making items 
included the introduction of various consumer 
tablets and smartphones; the success of the
Mars Curiosity rover; the discovery of the “God 
particle”; the release of the $25, credit-card-sized 



Mobile touch proliferates:  
is ui design keeping pace?
Rich Pell, Executive Editor and Chief Technical Editor
You know a technology is “hot” when tech giant Microsoft 
jumps on board, as it did recently with its Surface tablet 
computer (Figure 1). In this case, the hot technology isn’t 
the tablet form factor—certainly a technology worthy in its 
own right—but the touch interface it sports.

There’s no question that multitouch technology, typi-
cally in the form of capacitive touchscreens, has fueled the 
explosive growth in mobile devices. Microsoft’s recent entry 
promises to further the trend, as touch-enabled products 
become available that blur the lines between PCs, notebooks, 
and tablets.

But it’s not just about the hardware; a touch device’s 
operating system and applications need to be designed with 
that touch interface in mind. Apple’s elegant 
software user interface in its original iPhone 
largely achieved that five years ago, letting 
users easily and intuitively interact directly 
with their devices—and apps—in a new 
and powerful way.

So it’s surprising to see so many new 
apps sporting UIs that look as if they were 
designed for a mouse, or featuring virtual 
representations of traditional hardware 
interfaces. The latter, of course, can 
make sense in cases where there may 
be no real alternatives—such 
as with a computer key-
board for inputting 
text, or a music 
keyboard for 
playing a virtual 
instrument—but they’re 
hardly ideal.

What’s with the continued use of virtual 

knobs for controls, for example? These are still prevalent in 
a lot of audio and music production apps (Figure 2). There’s 
no question that their function is intuitively understood by 
everyone, but trying to manipulate a 2-D virtual knob effec-
tively on a touchscreen is a different matter altogether. It’s 
easy to imagine better touch design alternatives (Figure 3). 

It’s understandable why many developers may feel a need 
to mimic traditional hardware interfaces or use familiar 
mouse-driven-style interfaces in their applications. At first 
glance, these are comfortable and intuitive approaches for 
developers and end users alike, and—in the case of the for-
mer—can often look “cool.” But they are not necessarily 
optimal for the touchscreen interface—often far from it—and 
certainly don’t take full advantage of its potential. 

Incredibly, Apple itself is at least partly to blame, having 
encouraged the use of “skeuomorphic” design—the idea of 
incorporating design elements of an older product into a 

new design, even though they no longer 
serve any purpose other 
than to provide a famil-
iar and comfortable look. 
An example would be an 
e-book app that presents 
its content in a virtual 
paper book interface, 
complete with a folded 
“crease” down the middle 
and stacked “page edges” 
on either side.

This is a classic case 
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Figure 2 Though the use of virtual knobs (and cables) in this 
iPad version of a classic hardware analog synthesizer—the Korg 
MS20—is understandable, their continued use in many new 
synthesizer and music apps seems far less justifiable.  

Figure 3 The Borderlands iPad granular synthesizer offers a 
unique, multitouch interface designed to let users “engage  
with sonic material on a fundamental level, breaking free of  
traditional interaction paradigms such as knobs and sliders.”

Figure 1 The Surface Windows 
touchscreen tablet from 

Microsoft is receiving praise for its 
hardware design; on the software/ 

interface side, not so much.
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of form over function—an area in which 
marketing-centric Apple has stumbled in 

the past—and, ironically, a path away from 
Apple’s trademark elegance and simplicity. 

Thankfully, a recent shake-up in Apple’s execu-
tive ranks suggests we will see a renewed focus on 

cleaner, more functional UI designs from the company and, 
by extension, from app developers. 

That’s encouraging news for users of touch-based inter-
faces, and a sign that this hot technology won’t be cooling 
down anytime soon.
Also watching:

• Wireless charging. Typically based on inductive 
coupling, wireless-charging technology—which enables 
devices to be charged by being placed on a charging surface 
(Figure 4)—has been used in some niche applications for 
some time. Now, an increasing number of wireless power solu-
tions from major semiconductor vendors suggests that wireless 
charging may finally be catching on in the consumer market 
as mobile devices of various types proliferate. 

• The personal cloud. Cloud-computing products and 
services aimed at individual consumers are changing the 

way we manage our data (Figure 5), whether it’s through the 
use of public services, such as Dropbox or iCloud, or home 
NAS devices with cloud features that allow remote access. 
The trend is so obvious and unmistakable that it has led one 
research firm to predict the personal cloud will replace the 
PC as the center of our digital lives by 2014.

Near-field commuNicatioNs  
to go far iN 2013
Suzanne Deffree, Executive Editor  
and Chief Community Editor
NFC, or near-field communications, has been around for 
10 years, battling its own version of the chicken-and-egg 
question: Which comes first, the enabled devices or the 
applications?

The technology is there, yet there has been a major deter-
rent to NFC’s market growth and consumer use: Why build 
into a device when no applications or services are available, 
and why offer applications or services when no devices have 
been built to utilize them?

In 2012, however, NFC started to break out of its shell. 
NFC-enabled devices rocketed up to 100 million shipped, a 
significant climb from 2010’s 2 million devices sold. Estimates 
call for 300 million NFC-enabled devices to be sold in 2013 
and for the billion-device mark to be reached in 2015.

To date, most such devices are smartphones. With many 
smartphone makers in the Android and now Windows camps 
getting on board with NFC, leading OEMs including LG, 
Nokia, and Samsung have begun designing NFC into products.

Notably, Apple left NFC out of its iPhone 5. As NFC 
Forum director Debbie Arnold observes, however, “Apple 
has about 15% global share of the market. With 85% leaning 
toward NFC … it’s not something that keeps us up at night.” 

The NFC Forum formed in 2004, when the very short-
range (5-cm) communications technology was in its infancy. 
Now, the forum’s more than 170 member companies show-
case an extensive base of semiconductor industry players, 
including Broadcom, Intel, National Instruments, NXP, 
and Texas Instruments. 
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Figure 6 A consumer pays using an NFC-enabled mobile wallet, 
by far the most talked-about application of NFC.

Figure 5 Enabled by products and services that allow us to store 
and access our data remotely, personal clouds promise to free 
us from many of the limitations of our mobile devices and PCs. 

Figure 4 Wireless 
charging is be-

coming an increas-
ingly attractive option as 

battery-powered mobile devices 
and their associated wired 

charging accessories proliferate.
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In  November,  the 
forum introduced the NFC 
Controller Interface speci-
fication, which defines a 
standard interface within 
an NFC device between 
an NFC controller and 
the device’s main applica-
tion processor. The group 
expects the specification 
will help broaden the 
availability and eventually 
encourage the price com-
petitiveness of NFC. 

Now that the devic-
es and specifications are hatching, flocks of applications 
and services are on their way. In fact, more have arrived 
than many consumers realize. Beyond the mobile wallet 
(Figure 6), NFC is seeing use in Bluetooth pairing and 
applications in various transportation terminals, interactive 
signs and displays, identification, and peer-to-peer exchange. 

What remains an obstacle is educating consumers on yet 
another wireless communications technology that does not 
compete with but is complementary to Wi-Fi and Bluetooth. 
Samsung, for one, is playing up interactive displays and 
peer-to-peer sharing in advertisements for its Galaxy S III 
NFC-enabled phone by showing users scanning posters for 
free songs or tapping phones together to share contact infor-
mation, music, and files (Figure 7).

“Some of these things, in creating physical shortcuts and 
ways for mobile applications to interact with physical retail 
establishments, start to unlock the fact that there are hun-
dreds of millions of customers who have these devices,” says 
Jeff Miles, Samsung’s vice president of mobile transactions, 
which includes the company’s identification business. “Tags 
and the different applications are an area that can explode. 
It’s relatively simple to implement and is straightforward for 
consumers. Tap, and something magical happens.” 

Beyond smartphones, NFC is starting to be seen in other 
consumer goods such as tablets, PCs, printers, and even 
microwaves. Beyond the electronics vertical, sectors such as 
health care are starting to explore ways to utilize NFC.

“We often hear about the mobile wallet,” says Arnold, 
“but NFC is going to go down so many different paths. Once 
we get over this hump, we are going to see this take off in a 
lot of different verticals.”  

Also watching:
• 3-D printing. This DIY 

maker technology has been 
around for some time, but 
now 3-D printers are becom-
ing affordable for individu-
als, as well as lower-level 
educational institutions, 
to purchase for their work-
spaces (Figure 8). With 
everything from car parts 
to vital organs being talked 
about as possibilities for 3-D 
printing, we’ll be seeing 
much more on this technol-
ogy in 2013. 

• Inexpensive tablets
and e-readers. The newest 
iPad may start at $500, but 
not every tablet needs the 
shine Apple puts on its prod-

ucts (Figure 9). Harking back to ideas pushed forth by the 
XO laptop—part of the One Laptop per Child effort, which 
sought to provide low-cost technology to the masses—sub-
$100 tablets and e-readers will offer more alternatives to 
pricey iPads and even to less-expensive Kindles.

TesT iT your way
Janine Love, Editor in Chief, Test & Measurement World
This year, as I walked the trade-show floors and met with test 
and measurement equipment vendors at their sites and mine, 
I was impressed by the increased capabilities of “alternative” 
test equipment. This category includes what has been dubbed 
virtual or software-defined instrumentation, providing pro-
grammable functionality that can change an instrument from 
an oscilloscope to a spectrum analyzer at the touch of a but-
ton. Product examples are available from such companies as 
National Instruments, Aeroflex, and Geotest. 

This new class of instruments seeks to leverage the hard-
ware that multiple traditional instruments have in common, 
using software to define the test functionality as needed. In 
addition to switching instrument functionality, some of the lat-
est instruments incorporate FPGAs to speed test time and let 
designers define test setups, protocols, and triggers on the fly.
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Figure 8 3-D printers such as 
the affordable, easy-to-use 
Cube home printer could 
allow consumers to print 
many household products 
less expensively than they 
could buy them.

Figure 9 NXP’s PN65 featuring 
an NFC radio controller and an 
embedded Secure Element is 
designed into such devices as 
the Google Nexus 7 tablet.

Figure 7 NFC offers retail interaction by tapping a device to a 
sign or display, in this case to download a gaming demo. 

Figure 10 NI’s PXIe-5644R 
seeks to define an entirely 
new type of instrument, 
the vector-signal  
transceiver, which  
can be reprogrammed  
using software to change  
functionality. 

[ www.edn.com ]
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Never before have you had so much flexibility to define your 
test, your way, to get the job done.

For example, National Instruments staked a firm claim 
in software-defined instrumentation with the PXIe-5644R 
vector-signal transceiver (Figure 10). Introduced in August, 
the instrument combines the functionality of a vector-signal 
analyzer, vector-signal generator, and high-speed digital I/O in 
a single, three-slot PXI (PCI Extensions for Instrumentation) 
module. With an FPGA on board, the PXIe-5644R lets users 
modify software and firmware using NI’s LabVIEW software. 

Aeroflex has been working with synthetic instruments 
for more than 10 years. Some of its solutions, such as the 
7700 series, are designed to speed production test by provid-
ing signal generation, measurements, and DUT control in a 
single unit (Figure 11).

Strides in FPGA technology are responsible for much of 
what is making programmable instrumentation possi-
ble. Geotest has developed a user-program-
mable FPGA-based prod-
uct line that includes the 
GX3700 and GX3700e 
(PXI and PXI Express, 
respectively) instru-
ments, which use Altera’s 
Stratix III FPGA. The 
Altera device supports 
SerDes data rates up 
to 1.2 Gbits/sec, offers 
digital I/O clock rates of 
700 MHz, and features 
more than 45,000 logic 
elements and 1.836 
kbits of memory 
(Figure 12). Expect 
the power of soft-
ware programmability to
enable a whole new breed of 
instruments in the coming years.
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Figure 11 The Aeroflex vector-signal  
generator emulates a spectrum analyzer, vector network  
analyzer, oscilloscope, power meter, frequency counter,  
noise-figure meter, and microwave transition analyzer. 

Figure 12 
The Geotest 

GX3700e is a PXIe 
card that supports 

160 I/Os for programmable 
instrumentation. 



Also watching:
• Handheld test gear. Surprising capabilities from hand-

held test equipment (figures 13 and 14) take advantage of 
new materials, innovation, and programmability to bring the 
high performance of benchtop instruments to bear at the top 
of a pole or the end of the line. This is truly not your father’s 
handheld test instrument.

• PXI. The seemingly unstoppable force of the PCI 
Extensions for Instrumentation format continues to make 
inroads into new applications, from commercial to military, 
as evidenced by some of the latest PXI instruments from 
companies such as Aeroflex, Agilent, Geotest, National 
Instruments, and Pickering Interfaces. In many cases, the 
PXI format is combined with software-defined instrumen-
tation, making for an impressive combination of test and 
measurement trends.

More-than-Moore MeMory grows up
Brian Bailey, Contributing Technical Editor
Moore’s Law may not be running out of steam, but it may 
be running out of money, as scaling to smaller geometries 
becomes more cost prohibitive. We also have an insatiable 
appetite for memory these days, but our tastes are chang-
ing from DRAM to nonvolatile memory—a market largely 
served by flash devices. Whereas DRAM can possibly scale 
down to 1 nm, we are already encountering floating-gate 
scaling problems for NAND flash. The answer to the scaling 
problem appears to be growing devices “up”; the question 
is how best to do it.

Three-dimensional die stacking uses a silicon interposer 
and TSVs (through-silicon vias) to connect the stacked dice 
electrically, allowing the integration of multiple, smaller 
dice—each processed using an optimal technology—within 
a package. Many memory manufacturers are already creating 
3-D die-stacked chips in production quantities (Figure 15), 
and the technology’s use for memories paves the way for its 
use elsewhere.

Indeed, we are already seeing the first general market 
utilization in FPGAs, using a slightly simpler construction; 

the silicon interposer contains routing only and no active 
logic (Figure 16). This technology is likely to become main-
stream within the next five years for stacking memory on top 
of processors.

Toshiba is pushing 3-D NAND processes with its p-BiCS 
(pipe-shaped bit-cost scalable) technology. Rather than 
stack multiple substrates and connect them using TSVs, 
the approach builds cells on top of each other to create 
U-shaped bit lines. Toshiba says the process becomes cheaper 
than traditional NAND processes when more than 15 layers 
are created. 

Macronix is poised to unveil working 3-D NAND flash 
memory at sub-40 nm. The new architecture enables the 
use of a “staircase” bit-line contact formation method 
(Figure 17). The result is an eight-layer device with a word-
line feature size of 37.5 nm, bit-line feature size of 75 nm, 
64 cells per string, and a core array efficiency of 63%. The 
researchers say the technology not only is lower cost than 
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Figure 14 Agilent’s FieldFox microwave vector network analyzer 
provides full two-port VNA measurements. 

Figure 13 Tektronix has  
just introduced the H500 and SA2500 handheld spectrum 
analyzers, which display the live spectrum by respectively  
processing more than 2500 and more than 10,000 spectrum 
measurements per second.

Figure 15 Use of 3-D stacking in memories such as this DRAM 
cube opens the door to the technique’s use for other ICs.



conventional, 2-D sub-20-nm NAND but also can provide 
1 Tbit of memory if further scaled to 25-nm feature sizes. At 
that size, the Macronix device would comprise only 32 layers, 
whereas 3-D stackable NANDs with vertical channels would 
need almost 100 layers to reach the same memory density. 
Also watching:

Some propose forgetting electrons and going back to 
magnetic memory, but what’s the best way to program them? 
Two ideas:

• Form memory cells from two ferromagnetic plates, 
each of which can hold a magnetic field, separated by a thin 
insulating layer (Figure 18).

• Create spin in electrons using magnetic fields.

Human-macHine interfaces enter  
tHe tHird dimension
Stephen Evanczuk, Technical Editor, Systems Design
Don’t throw out your mouse or abandon your touchpad just 
yet, but traditional human-machine interface devices that 
rely on two-dimensional, x-y positional information could 
soon share your desktop or phone with a coming wave of HMI 
devices that let you work as you move—in three dimensions.

Camera-based HMIs such as the Microsoft Kinect already 
offer mid- to far-field movement-tracking capabilities
in games. The emergence of e-field-based gesture-recognition 
HMIs is an important trend not only for near-field sensing but 
also for recognition of a series of movements as specific gestures. 

In this new kind of HMI, hand movement within a volume 
bounded below by 2-D sensor arrays results in perturbations 
in the e-field maintained within that sensing area (figures 
19 and 20). The use of an e-field- rather than a vision-based 
system opens the door to embedded-sensing applications run-
ning the gamut from automotive and aerospace to industrial 
and consumer. 

The most dramatic example of this new kind of device 
debuted in November with Microchip Technology’s unveil-
ing of a complete 3-D gesture-recognition IC, the MGC3130 
(Figure 21), based on the GestIC technology that Micro-
chip acquired along with its purchase of Ident Technology 
earlier in the year. Paired with a low-cost external elec-
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Figure 19 E-field HMI devices generate an electric field 
and monitor sensors that detect field perturbations 
due to movements of a conductive object, such as a 
human hand. 
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Figure 16 Die stacking in FPGAs uses a slightly simpler  
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trode array, the GestIC device contains 
an analog signal chain that measures 
changes in the e-field to track hand 
movements in the 3-D sensing area and 
then uses its on-chip signal processor, 
running code from an on-chip soft-
ware library, to determine how those 
movements combine to form one of a 
dozen or so preprogrammed, recognized 
gestures. 

Microchip’s GestIC isn’t the only 
game in town for e-field sensors. Plessey 
Semiconductors introduced an e-field 
sensor last year, originally focusing on 
health applications; recently, the com-
pany began shipping a low-cost e-field 
sensor that promises to fuel a drive 
into high-volume consumer markets. 
Developers can combine the Plessey 
device with an embedded system to 
roll their own e-field 3-D HMI prod-
ucts, leveraging a rich field of pattern-
recognition algorithms. 

Don’t count out camera-based 
gesture-recognition systems. Cameras 
have become nearly ubiquitous in 
mobile appliances. Further, the indus-
try has barely scratched the surface 
for multisensor solutions that find 
synergy in combinations of different 
sensing modalities. 

For example, Microsoft recently 
demonstrated a gesture-recognition 
system, called Digits, that combines 
camera and MEMS motion-sensing 
technology. Digits uses sophisticated 
analysis software to create a highly 
detailed software model of the hand 
in motion to track subtle gestures—
something GestIC itself can’t yet do. 
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The hardware is rolling into place, and the software is 
maturing, to offer a new form of HMI for which the sky is 
literally the limit. 
Also watching:

• Hybrid-core SOCs. Compute-intensive applications 
such as big data and vision systems will gain a boost from 
systems-on-chip that combine one or more general-purpose 
RISC processor cores with one or more specialized cores, such 
as DSPs, video processors, and audio processors. 

• Hardware-based security. In the notion of the Internet 
of Things, unsecured access to any “thing” is a real concern, 
but one mitigated by the trend toward hardware-based imple-
mentation of safety and security features in processors and 
subsystem controllers.

Wear your heart monitor on your sleeve
Steve Taranovich, Senior Technical Editor
Just when you think ICs can’t get any smaller, someone 
releases a more-compact, lower-power, better-performing 
solution, usually on a monolithic die. Analog front-end and 

microelectromechanical-system devices have led the pack in 
miniaturization innovation this year, and one result has been 
a spate of health and wellness monitors that users can wear 
as unobtrusive accessories. 

A case in point is an e-compass enabled by MEMS tech-
nology from STMicroelectronics (Figure 22). The e-compass, 
or “geomagnetic module,” integrates a three-axis digital 
magnetometer with a three-axis digital accelerometer, used 
for tilt compensation, in a single package.

EEG (electroencephalography) analog front ends are 
another example. Texas Instruments designed its ADS1299 
AFE to help manufacturers of extracranial-biopotential mea-
surement equipment reduce board space, design time, and 
cost while improving performance. The AFE can be used in 
EEG equipment to monitor bispectral index, evoked poten-
tials, and event-related potentials to aid in diagnosing such 
conditions as brain injuries, strokes, and sleep disorders. 

Among the EDN Hot 100 products in the analog cat-
egory this year are heart- and fitness-monitor AFEs from 
TI (AFE4300) and Analog Devices Inc (AD8232). These 
and other AFEs are meeting the growing demand for fixed, 
portable, and even wearable devices that provide vital-sign 
measurements for athletes in training, users of home fitness 
equipment, or those engaged in remote health monitoring.

ADI’s AD8232 for ECG applications eliminates the need 
for a right-leg drive lead so that a single lead can be used to 
monitor heart rate (Figure 23). Integrated filters for remov-
ing line noise and other interference improve performance. 
A multipole integrator rejects electrode offsets to maintain 
large dynamic range on an internal instrumentation amp. 
Operation on a single, 2 to 3.5V supply, directly from a bat-
tery, enables portability.

Wearable medical devices are becoming increasingly 
transparent to the user. The DuoFertility monitoring sys-
tem (Figure 24), built with technology from Microchip 
Technology, comprises the company’s small PIC16 MCU-
based sensor, containing a temperature monitor and wireless 
transmitter, that is worn under the arm; a handheld reader 
that houses a wireless receiver, temperature monitor, and 
PIC24 MCU; and PC-based analysis software. The combina-
tion lets the user monitor her fertility cycle without requiring 
her to take her temperature every day.
Also watching:

• Bluetooth Smart’s arrival. Developments in low-power 
wireless technology have hastened the advent of Bluetooth 
Smart ultralow-power portable devices. Implementing 
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Figure 22 Runners can strap an e-compass, built with 
STMicroelectronics MEMS technology, on a wrist.

Figure 23 ADI’s heart-monitor AFE targets applications ranging 
from professional health care to personal fitness. 

Figure 24 The DuoFertility 
monitor, bottom, is worn under 
the arm; temperature data is sent
to the handheld reader, top 
(courtesy Microchip).



a single-mode, low-energy Bluetooth v4.0 dual-mode radio, 
the sensor-type devices run on button-cell batteries and 
typically are built to collect a specific piece of information—
functioning, for example, as a heart-rate monitor or pedom-
eter. An EDN Hot 100 product from a partnership between 
Stonestreet One and Freescale Semiconductor enables a 
turnkey radio module to hasten time to market for ultralow-
power health-care devices.

• MEMS’ proliferation. The past year saw an explosion of 
MEMS products, such as ADI’s ADMP504 microphone IC, 
Freescale’s Xtrinsic FXOS8700CQ six-axis sensor, and ST’s 
LSM303D e-compass module. All were among EDN’s Hot 
100 products for 2012.

The fuTure of power 
managemenT in  
The inTerneT of Things
Alix Paultre, Director of Marketing 
and Communications, GlobTek Inc
In the area of digital management and 
system communications, the electronic 
power-system industry is in the process 
of the largest technology integration 
since the introduction of the linear 
power supply. Digital power-manage-
ment techniques have long been a facet 
of chip design on the client side, where 
the device controls its internal subsys-
tems to maximize operating efficiency, 
and there have been special require-
ments for the power ICs that drive 
them. The migration of digital power 
management from the inside of the box 
to the outside of the box and the need 
to communicate with the various sys-
tems that inhabit the world outside will 
create the next level of challenge and 
opportunity for the industry.

This migration could not have 
occurred without certain core tech-
nologies, both hardware- and software-
based. Digital power-management 
protocols such as PMBus could not 
move to the board level and provide 
real value to the designer before the 
introduction of intermediate-bus archi-
tecture to take advantage of the added 
level of control. Interdevice communi-
cations for both power and data would 
be more difficult without the advanc-
es in mixed-bus connector architec-
tures, such as USB and PoE (power 
over Ethernet), both encouraging and 
enabling the process (Figure 25).

The external factors involved are 
based on both reality and desire, and 
in the area of power design they over-
lap strongly. Power efficiency trans-
lates to thermal efficiency, which aids 
sleek design, which challenges haptics, 
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Figure 25 Interdevice communications for both power and  
data would be more difficult without advances in mixed-bus  
connector architectures, such as USB and PoE, both  
encouraging and enabling the process.



which affects board layout, which affects available real estate 
for the power system and its cooling/shielding requirements. 
A system that can communicate with its power source can 
use extended power-management methodologies to raise 
overall system efficiencies. In the case of batteries and other 
energy-storage systems, communication also improves device 
safety and reliability. Market demands put USB connectors 
on most wall-mount chargers; why not use the bidirectional-
ity of the format?

This pressure to provide functionality, coupled with the 
availability of advanced power-system methodologies, drives 
the migration of digital power management to macro systems. 
A device that can communicate with its wall charger will 
operate more efficiently than one that cannot; when that wall 
charger can communicate with the smart-house management 
system (or at least a smart power meter), the result is not only 
improved efficiency, but improved functionality and safety as 
well. This integration provides functionality not only for the 
user but also for the infrastructure, as it makes the device a 
part of the Internet of Things and all that it implies.

This ability of the infrastructure to be self-managing at the 
power level may be intrusive at some levels to some users, but 
the benefits are myriad. For example, if the power to homes 
located in hurricane-, tornado-, and flood-evacuation areas 
could be turned off at the subgrid level, secondary fires would 
be minimized, and dangers to first responders due to electro-
cution and water-based secondary electrical damage would be 
eliminated. The ability to turn off unused (by power signature 
or device self-reporting) devices in the grid would minimize 
brownouts and blackouts by reducing “vampire” standby drain.

The advance of cloud-supported, Web-based products 
increases the need for improved power and signal interdevice 
communication. As your smartphone takes on more of the 
role of a personal server, it will be called on to control and 
manage everything from your belt-mounted artificial pan-
creas to the speed of your pacemaker while still operating 
the remote-controlled car you drive around your desktop. 
Such systems function best when battery states and other 
operating parameters are part of system management and are 
accessible through the Web. Your doctor can monitor your 
medical-device performance, and even in the case of your toy, 

upgrades to the software and system troubleshooting data can 
be downloaded to the device.

What this means for you as a designer is that you increasingly 
will be called upon to ensure your designs function in a larger 
system infrastructure, and the higher you are able to have your 
device function in that device architecture, the more you will 
be able to address the expanded requirements of the Internet of 
Things. As system architectures and market demands increase 
the need to exchange data more actively between devices, hav-
ing the power system participate in the conversation will pay 
large dividends across the market, from the individual chips 
inside the device to the power station down the road.
Also watching:

• Nanotechnology. Our grasp of what is possible is 
expanding exponentially, and as a result nanotech is mov-
ing from a primarily materials-based technology to a core 
microdevice and microcomponent electronics and device 
technology (Figure 26).

• Energy harvesting and alternate power methodologies 
for small devices. “Smart dust” sensor networks, parasitic 
energy-harvesting subsystems, and multisource power systems 
are all examples of ways power can be harnessed to increase 
system functionality and performance.

M2M branches beyond one-to-one links
Carolyn Mathas, Editor, LEDs, Communications, 
and Sensors
Machine-to-machine technology made great strides in 2012, 
and I expect an explosion of applications in 2013, making 
M2M the top hot technology to watch.

M2M is no longer a one-to-one connection but has evolved 
to become a system of networks transmitting data to a growing 
number of personal devices. The power and time necessary to 
transmit between machines has plummeted, even as business 
opportunities blossom across a broadening range of applications.

Today, sophisticated and wireless M2M data modules boast 
onboard GPS and such embedded features as M2M smart 
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Figure 27 AT&T and Alere collaborated on a mobile-health  
solution that lets diabetes patients manage their disease in 
real time and on the go.

Figure 26 Nanotechnology is moving from a primarily materials-
based technology to a core microdevice and microcomponent 
electronics and device technology.
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cards (MIMs, or machine identification 
modules) and embedded Java. The com-
bination of technologies raises the bar.

Applications are multiplying rapidly 
based on the dramatic improvements in 
reliability and accuracy that often result 
when human intervention is removed. 
There have been several examples over 
just the past few months. Vodafone Ltd 
unveiled a number of advanced M2M 
technologies for smart meters and smart 
homes, demonstrating simple manage-
ment of multiple connected devices 
through a single mobile application. 
The company’s Global M2M Platform, 
running on IBM Corp’s SmartCloud 
Service Delivery Platform, proved that 
a washing machine and other smart-
home devices could be operated via 
mobile, becoming more intelligent with 
wireless Internet. 

Telit Wireless Solutions’ advanced 
M2M modules are monitoring ground-
water worldwide for rural and municipal 
water departments and boards as well 
as mining operations. Schlumberger 
Water Services’ Diver-NETZ wireless 
system manages groundwater monitor-
ing and integrates field instrumentation 
with wireless data and communication 
management capabilities. 

A recent report by GlobalData indi-
cates that M2M may become an impor-
tant element in the reduction of health-
care costs and the delivery of high-qual-
ity medical care to remote locations. 
The US Federal Communications 
Commission recently initiated steps to 
dedicate wireless spectrum to medical 
body-area networks that use sensors 
worn on the body to transmit critical 
patient data to a control device for 
remote patient monitoring. 

Companies are collaborating to 

address the market. AT&T and Alere 
Health, for example, this year released 
a mobile diabetes-management solution 
that sends data via a mobile device to 
medical personnel and real-time feed-
back to patients (Figure 27). DebMed, 
for its part, is bringing M2M to life by 
equipping hand-soap and hand-sanitizer 
dispensers with RF technology that pro-
vides real-time compliance to track and 
report on the sanitizing habits of medi-
cal personnel.

Pulling technologies together, inte-
grating their complexity, and making 
them speak to each other intelligently 
are no longer aspects of the future. I 
expect that in 2013, we’ll see an amaz-
ing number of hot applications and 
even hotter breakthroughs. It will be 
an exciting year. 
Also watching:

• Seamless solutions for data 
offload. En route to the 25 exabytes/
year of traffic estimated by 2015, Wi-Fi 
and small-cell technologies will play 
important roles (Figure 28). Small cells, 
in the form of indoor femtocells and 
outdoor pico- and microcells, provide 
coverage and data offload, improving 
the capacity of the network. In 2013, 
we’ll find these technologies jointly 
existing in indoor and outdoor spaces.

• Sensor fusion. This is yet another 
area where changes are taking place 
at breakneck speed. Not only is the 
“fusion” aspect challenging on its own, 
but the rapid evolution of the sensors 
themselves adds to the mix. Fusing 
ever-smaller motion sensors, 3-D 
environments, and augmented reality, 
for example, depends on continually 
overcoming stability, noise, jitter, and 
the remaining weaknesses in the indi-
vidual sensors. 

[ www.edn.com ]

Figure 28 Operators can leverage Wi-Fi access points and strategically 
placed small cells to offload traffic from the macro network (courtesy Radisys Corp).



OppOrtunities abOund  
in clOud “clutter”
Gene Frantz, Principal Fellow, Texas Instruments
The cloud means many things to many people, but irrespec­
tive of how you define it, the opportunities for engineers to 
innovate abound with regard to developing the technologies 
essential to the cloud and its enablement. 

Before I elaborate on those opportunities and tech­
nologies, first let me separate the concept of the cloud into 
three aspects: the clouds, the clutter, and the communica­
tions pipes.

The clouds: One mistake we make is assuming the cloud 
is singular, when it is actually thousands of clouds selectively 
connected. My house has a cloud; my company has many 
clouds; every coffee shop has a cloud. (I have another story 
to share on this idea, but not here.)

The clutter: Several words have been used to describe 
those things attached to the cloud(s). I use the term “clutter” 
to suggest the lack of standardization and organization. It will 
just be clutter for now. Any attempt to organize it will tend 
to destroy innovation within that clutter.

The communications pipes: There will be communica­
tions between clouds, from clutter to cloud, and from clutter 
to clutter. Techniques will be chosen according to their ability 
to handle the communication link being made.

For the clutter, there are many technologies at our finger­
tips for enabling that—for example, ultralow­power proces­
sors. I reserve the right to give TI the credit for driving this 
aspect, recognizing that battery operation has been a focus of 
TI since the invention of the calculator in the mid­1960s. It 
really took hold as we drove into the digital cell­phone market.

Then there’s power management to get the most out of 
our energy sources. Three aspects to consider here are energy 
scavenging (from such sources as solar, vibration, and the 

human body), efficient power conversion, and energy buffering. 
I use the term “buffering” (versus “storage”) to keep us from 
jumping to the simple EE answers of batteries and capacitors. 
This approach broadens the possibilities to include any storage 
medium, such as springs, balloons, or gravity. This area is a huge 
one for innovation. Many of us have stored up energy ready for 
use in more abundance than we wish to talk about (think: fat).

The clutter also provides opportunities for innovations in 
wireless communications and smart sensors. I am careful to 
point out that wireless­communications does not automati­
cally mean RF. There are many ways to do wireless commu­

nications beyond RF­based concepts. One might remember 
that the oldest wireless­communications method was not RF; 
it was smoke signals. Other wireless techniques include ultra­
sonic, electromagnetic, optical (for example, LED lights), 
and audio band (for example, ULF). All can be employed to 
connect to the cloud and to connect cloud­to­cloud.

Smart sensors have three components: the sensor itself; 
then the analog front end, to take the analog input from the 
sensor and output data; and the digital front end, to take the 
data from the AFE and create information for the central 
processor, which uses the information to make decisions. 
Sometimes, DFEs are called DSPs.

Other clutter areas include operating systems and develop­
ment environments, which are vital, as the cloud needs to 

be accessible to “normal,” nontechnical 
people. I call this the democratization of 
the cloud and of technology in general. 
It involves making it all easy to use so 
that it can pull in innovators who do not 
understand the technology but only want 
to use it. Toward that end, platforms such 
as Arduino are succeeding in pulling in 
the non­nerds.

That said, even though we have made 
it possible for a broader range of innova­
tors to participate in the creation of the 
clutter, there will remain a need for the 
technical community to make it happen.

The cloud still needs to be very effi­
cient, and it requires operating systems 
that have a small memory footprint and 
are easy to configure. (Note I used the term 
“configure” rather than “program.”) Add 
in data­analysis engines, privacy issues, 
and low­power requirements, and it’s clear 
that engineers have much to chew on, 
innovationwise, for many years to come. 

That said, I’ll keep it simple:
• Drive for low power.
• Aim for ease of use.EDN
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Figure 29 Ultralow-power processors, such as those represented by the MSP430-
series MCUs from TI, are critical to enabling the proliferation of what could well 
be called the “clutter” around the cloud. Many of the current opportunities for 
engineers reside in designing that clutter.

there will be techniques for 
communications between 
clouds, from clutter to cloud, 
and from clutter to clutter.



Micropower Isolated Flyback Converter with Input Voltage
Range from 6V to 100V
Design Note 509

Zhongming Ye

12/12/509

Figure 1. A Complete 5V Flyback Converter
for a 22V to 75V Input

Introduction
Flyback converters are widely used in isolated DC/DC
applications because of their relative simplicity and
low cost compared to alternative isolated topolo-
gies. Even so, designing a traditional flyback is not
easy—the transformer requires careful design, and
loop compensation is complicated by the well known
right-half plane (RHP) zero and the propagation delay
of the opto-coupler.

Linear Technology’s no-opto flyback converters, such
as the LT®3573, LT3574, LT3575, LT3511 and LT3512, 
simplify the design of flyback converters by incorpo-
rating a primary-side sensing scheme and running the
converter in boundary mode. The LT8300 high voltage
monolithic isolated flyback converter further simplifies
flyback design by integrating a 260mA, 150V DMOS
power switch, an internal compensation network and a
soft-startcapacitor. TheLT8300operateswith inputsup-
ply voltages from 6V to 100V and delivers output power
of up to 2W with as few as five external components.

The LT8300 operates in boundary mode and offers low
ripple Burst Mode® operation, enabling the design of
converters that feature high efficiency, low component
count and minimal power loss in standby.

Simple and Accurate Primary-Side Voltage Sensing
The LT8300 eliminates the need for an opto-coupler
by sensing the output voltage on the primary side
when the output diode current drops to zero during the
primary switch-off period. This greatly improves the
load regulation since the voltage drop is zero across
the transformer secondarywindingandanyPCBtraces. 
This allows an LT8300-based flyback converter to pro-
duce ±1% typical load regulation at room temperature. 
Figure 1 shows the schematic and Figure 2 the load
regulationcurvesofaflybackconverterwitha 5Voutput. 

Very Small Size, Low Component Count Solution
The LT8300 integrates a 260mA, 150V DMOS power
switch along with all high voltage circuitry and control
logic into a 5-lead TSOT-23 package. The isolated
output voltage is set via a single external resistor with
compensation and soft-start circuitry integrated in the
IC. Low ripple Burst Mode operation maintains high
efficiency at light loads while minimizing the output
voltage ripple. 

The converter turns on the internal switch immediately
after the secondary diode current reduces to zero, and
turnsoffwhentheswitchcurrent reaches thepredefined
current limit; the diode has no reverse-recovery loss. 

L, LT, LTC, LTM, Linear Technology, the Linear logo and Burst Mode are registered 
trademarks of Linear Technology Corporation. All other trademarks are the property 
of their respective owners.

Figure 2. Regulation of a 22V to 75V Input to
5V Flyback Converter of Figure 1
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Figure 3. Demonstration Circuit of 22V to 75V
to 5V/0.3A Converter (See Figure 1)

Figure 5. Efficiency of the Converter in Figure 4
Figure 4. Flyback Converter Optimized for
Low Standby Power (6V–12V to 24V/20mA)

Furthermore, since the switch is turned on with zero
current, switching losses are minimized. The reduc-
tion in power losses allows the converter to operate
at a relatively high switching frequency, which in turn, 
allows the use of a smaller transformer than would be
required at a lower operating frequency. Overall, the
LT8300 significantly reduces converter size compared
to other solutions. 

Figure 3 shows the standard demo circuit DC1825A for
an isolated flyback using a small EP7 core transformer. 
The six key components are the input and output ca-
pacitors (C2, C3), output diode (D1), feedback resistor
(R3), transformer (T1) and the LT8300. For the same
application, a traditional flyback circuit would require, 
at minimum, eleven additional components, plus com-
plicated start-up and bias power circuits in both the
primary and secondary sides.

Low IQ, Small Preload and High Efficiency
As the load lightens, the LT8300 reduces the switching
frequency until the minimum current limit is reached, 
and the converter then runs in discontinuous mode. 

Data Sheet Download

www.linear.com/8300
For applications help,

call (408) 432-1900, Ext. 3798

TheLT8300 features anaccurate minimumcurrent limit
and very small propagation delay. At very light loads, it
further reduces the loss by running in low ripple Burst
Modeoperation, where thepart switchesbetweensleep
mode and active mode. The typical quiescent current
is 70µA in sleep mode and 330µA in switching mode, 
reducing the effective quiescent current. 

The typical minimum switching frequency is about
7.5kHz, with the circuit requiring a very small preload
(typical 0.5% of full load). Therefore, LT8300 power
losses in standby mode are very low—important for
applications requiring high efficiency in always-on
applications. Figure 4 shows a solution that produces
20mA at 24V from a 12V input. Efficiency peaks at
87%, and remains high at 84% with a 20mA load, as
shown in Figure 5. 

Conclusion
The LT8300 is an easy-to-use flyback converter with a
rich set of unique features integrated in a small 5-lead
TSOT-23 package. It acceptsawide inputvoltage range, 
from 6V to 100V, with very low shutdown current and
standbypowerconsumption. Boundarymodeoperation
reducesswitchingloss, shrinksconvertersize, simplifies
systemdesignandofferssuperior loadregulation. Other
features, such as internal soft-start, accurate current
limit, undervoltage lockoutand internal loopcompensa-
tion further facilitate an easy flyback converter design. 

The LT8300 is ideal for a broad range of applications, 
from battery powered systems to automotive, indus-
trial, medical, telecommunications power supplies and
isolated auxiliary/housekeeping power supplies. The
high levelof integration yieldsasimple, lowparts-count
solution for low power flyback converters.
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Simple Energy-Tripped Circuit Breaker with Automatic  
Delayed Retry 
Design Note 495

Tim Regan

10/11/495

Figure 1. Energy-Tripped Circuit Breaker Trips After a Time Interval 
That Varies as a Function of Sensed Load Current

Introduction
A circuit breaker protects sensitive load circuits from 
excessive current flow by opening the power supply when 
the current reaches a predetermined level. The simplest 
circuit breaker is a fuse, but blown fuses require physical 
replacement. An electronic circuit breaker provides the 
same measure of circuit protection as a fuse without the 
single-use problem. Nevertheless, an electronic circuit 
breaker with a fixed trip current threshold, while effective 
for protection, can become a nuisance if tripped by short 
duration current transients—even if the circuit breaker 
self-resets.

One way to minimize nuisance breaks is to employ a 
slow-blow technique, which allows relatively high levels 
of current for short intervals of time without tripping the 
breaker. Ideally, the breaker’s trip threshold would be a 
function of total transient energy, instead of just current. 
This article describes an electronic circuit breaker, com-
bining current sensing with timing to create an energy-
tripped breaker, which protects sensitive circuits while 
minimizing nuisance trips. 

Higher Currents Permitted for Shorter Time Intervals
The circuit of Figure 1 has three distinct parts – circuit 
breaking, current sensing and timing.

The circuit breaking function can be any type of electroni-
cally controlled relay or solid state switch, properly sized 
for voltage and current ratings of the load being protected.

Load current sensing is achieved via an LT®6108-2 current 
sense amplifier with built-in comparator. The LT6108-2 
converts the voltage drop across a small valued sense 
resistor to a ground-referenced output voltage that is 
directly proportional to the load current. The trip threshold 
is created by scaling the output voltage via resistor divider 
and feeding the result to the integrated comparator with 
a precision 400mV voltage reference. The comparator 
changes state when the load current exceeds the threshold.

To prevent short duration transients from causing nui-
sance trips, an LTC®6994-2 Timerblox® delay timer is 
L, LT, LTC, LTM, Linear Technology, the Linear logo and Timerblox are registered 
trademarks of Linear Technology Corporation. All other trademarks are the property of 
their respective owners.
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Figure 3. An Example Trip and Retry Sequence. At Time 
Point A, the 5A Load Current Spike Trips the Comparator 
and 60ms Later the Breaker is Opened. At Time B, After 
a Delay Time of 1.3 sec, the Timer Closes the Breaker. 
The Resulting Short Duration Spike of Start-Up Current Is 
Not Large Enough or Long Enough in Duration to Trip the 
Breaker Again

Figure 2. Low Current Transients Must Last Relatively 
Longer to Trip the Breaker. Higher Currents Trip the Circuit 
Breaker in Less Time

added between the comparator output and the circuit 
breaker. Once tripped, the comparator falling edge starts a 
variable time delay interval, which, if allowed to complete, 
signals the circuit breaker to open. Nothing happens if 
the transient duration is shorter than the delay.

A Current-Controlled Delay Interval
The LTC6994-2 delays from an edge appearing at its IN 
pin by a time ranging from 1µs to 33 sec. The delay time 
is controlled by the current sourced by the SET pin, which 
programs an internal oscillator frequency, while the bias 
voltage on the DIV pin selects a frequency divide ratio. 

The LT1783 op amp circuit takes the output voltage 
from the current sense amplifier and adjusts the SET pin 
current, thereby making the delay time a function of the 
load current (see Figure 2). As shown, the current sense 
comparator trip threshold is 500mA. A current of 500mA 
creates a falling edge and starts a time delay of 350ms. 
Should the load current drop below 500mA before the 
delay time expires, the timer output remains high and the 
circuit breaker does not trip. 

Higher load currents correspond to higher current sense 
amplifier output voltages, which in turn reduce the delay 
time interval (Figure 2). For instance, a 5A load current 
trips the circuit breaker in only 60ms. Depending on the 
average load current in excess of the 500mA threshold, 
the delay interval or trip time will fall somewhere between 
30ms and 400ms.

Once tripped, the load current drops to zero. This resets 
the current sense comparator high. This rising edge is also 
delayed by the LTC6994-2. The minimum current sense 

output voltage stretches this delay to a maximum time 
of ~1.3 sec. After this delay the circuit breaker closes and 
reapplies power to the load. This automatic retry function 
requires no additional components. 

The response of the circuit to a 5A load current spike and 
automatic retry is shown in Figure 3. If the load current 
remains too high, the trip/retry cycle repeats continually. A 
current surge is fairly common when the circuit breaker is 
first closed and can trip the comparator. If the duration is 
less than the timer delay, the breaker remains closed, thus 
avoiding an endless loop of self-induced nuisance trips.

Data Sheet Download

www.linear.com
For applications help, 

call (408) 432-1900, Ext. 3409
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Extending the Retry Time Interval
The LTC6994-2 delay timer has eight divider settings for a 
wide range of timing intervals. Adding the single optional 
resistor shown in Figure 1 shifts the delay block to a new 
setting, increasing the retry time interval if desired. This 
can give any fault condition more time to subside. The 
circuit breaker response time interval is not affected.

For the values shown, when the circuit breaker trips and 
the current drops to zero, the comparator high level biases 
the DIV pin to a higher voltage level, resulting in a longer 
retry delay time of 10 seconds. 

Conclusion
The circuit shown here can be easily modified to different 
timing requirements with a few resistor value changes. 
Other current sense devices such as the LT1999 can 
also be used to monitor bidirectional load currents with 
variable breaker timing functionality.
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Analog Devices
AD8232 heart-rate monitor 
analog front end
www.analog.com

Analog Devices
AD8237 zero-drift precision 
instrumentation amplifi er
www.analog.com

Freescale Semiconductor
MC33813 and MC33814 
electronic engine-control ICs
www.freescale.com

Linear Technology
LTC4366 fl oating 
surge-stopper IC
www.linear.com

Maxim Integrated 
Products
Analog/mixed-signal 
peripheral modules 
for FPGAs
www.maximintegrated.com

Maxim Integrated 
Products
Zeus smart-meter SOC
www.maximintegrated.com

Microchip Technology
MCP47A1 D/A converter
www.microchip.com

NXP Semiconductors
TFA9887 3.7W audio system 
www.nxp.com

Texas Instruments
AFE4300 weigh-scale 
and body-composition 
analog front end
www.ti.com

Texas Instruments
LMH6881 and LMH6882 
programmable differential 
amplifi ers
www.ti.com

Touchstone 
Semiconductor
TS12011 and TS12012 
op-amp/comparator/
reference combo ICs
www.touchstonesemi.com

BOARDS AND 
DEVELOPMENT 
TOOLS

Adlink Technology 
CoreModule 720 PC/104-
Plus single-board computer
www.adlinktech.com

ARM  
ARM Development Studio 5 
CE (Community Edition)
www.arm.com

Digital Core Design
DoCD debugging system
www.dcd.pl

Energy Micro
EFM32-GGSTK3700 
and EFM32LG-STK3600 
EFM32 starter kits
www.energymicro.com

Gumstix
Waysmall Silverlode 
computer
www.gumstix.com

Kontron
KTT30/mITX Mini-ITX 
motherboard
www.kontron.com

Microchip Technology
MPLAB XC C compilers
www.microchip.com

Microchip Technology
RN-131 and RN-171
PICtail/PICtail Plus 
Wi-Fi development boards
www.microchip.com

STMicroelectronics
STM3220G-Java Starter Kit
www.st.com

Terasic
TR5-Lite, DE5-NET, 
and TR5-F40W FPGA 
development boards
www.terasic.com

Texas Instruments
Stellaris LM4F120 
LaunchPad evaluation kit
www.ti.com

Texas Instruments
TMDSEVM6657L and 
TMDSEVM6657LE 
TMS320C665x DSP 
evaluation modules
www.ti.com

Via Technologies
Android PC
www.apc.io

COMMUNICATIONS 
AND NETWORKING

B&B Electronics
Spectre 3G cellular router
www.bb-elec.com

Broadcom
XLP200 series multicore 
communications processors
www.broadcom.com

I
n print and online, EDN’s technical editors each year cover thousands of products, so it takes 
something special for a product to stand out from the pack. The offerings listed here did just 
that, warranting their inclusion in the 2012 edition of EDN’s Hot 100 products. Among the 
offerings our editors have deemed worthy of an extra look are products ranging from ICs and 
FPGAs to development tools, test instruments, sensors, LEDs, and more, listed alphabetically 
by vendor in each category. 

Visit www.edn.com/4401457 for links to EDN’s original coverage of each of the products you 
see on these pages. You can find the latest data sheets for most, if not all, of these products at 
Datasheets.com. Once there, you will also be able to perform comparative analyses, get the lat-
est pricing, and extend your search for that one—right—device for your design using the site’s 
parametric-search capability. If you can’t find what you need there, let us know.
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Linear Technology
SmartMesh LTC5800 SOC 
and LTP5900 module 
families
www.linear.com

Texas Instruments
Thunderbolt-interface-
support chip-set family
www.ti.com

COMPONENTS

AEM Components
AirMatrix 2410 surface-
mount electronic fuses
www.aemcomponents.com

Cellergy
CLC series supercapacitors
www.cellergycap.com

Clare
CPC1540 optically isolated 
solid-state relay
www.clare.com

Ioxus
iCAP 3000-farad 
ultracapacitor
www.ioxus.com

Murata Manufacturing
LXWS series wireless 
power-transmission module
www.murata.com

Rohm Semiconductor
SCH2080KE SiC  
power MOSFET
www.rohm.com

Servoflo 
MP-6 series micropumps
www.servoflo.com

STMicroelectronics
SuperMesh 5  
power MOSFETs
www.st.com

Vishay Intertechnology
Draloric VSGR  
20-kW power resistor
www.vishay.com

EDA/IP

Apache Design
RTL Power Model
www.apache-da.com

Triad Semiconductor
ViaDesigner
www.triadsemi.com

Xilinx
Vivado Design Suite
www.xilinx.com

MEMORY  
AND STORAGE

Kingston Digital
DataTraveler HyperX 3.0 
USB flash drive
www.kingston.com

Microchip Technology
23A1024/23LC1024, 
23A512/23LC512, and 
23LCV51/23LCV1024 serial 
SRAM family
www.microchip.com

Micron Technology
DDR4 DRAM module
www.micron.com

Netlist
HyperCloud HCDIMM
www.netlist.com

Toshiba America 
Electronic Components
TransMemory-EX series 
USB flash-memory products
www.toshiba.com/taec

MICROCONTROLLERS 
AND PROCESSORS

ams
AS3421 and AS3422  
single-chip active noise-
cancellation products
www.ams.com

Atmel
ATF697FF rad-hard 
microprocessor
www.atmel.com

Digital Core Design
DQ80251 80C51 CPU
www.dcd.pl

Freescale Semiconductor
Kinetis K70 microcontrollers
www.freescale.com

Infineon Technologies
Audo Max Secure  
Hardware Extension  
32-bit microcontrollers
www.infineon.com

Microchip Technology
MGC3130 electrical-field-
based 3-D gesture controller
www.microchip.com

MIPS Technologies
proAptiv, interAptiv, and 
microAptiv MPU cores
www.mips.com

STMicroelectronics
STM32 F3 series 
microcontrollers
www.st.com

Texas Instruments
C2000 Piccolo 
TMS320F2802x  
microcontrollers
www.ti.com

OPTOELECTRONICS 
AND LIGHTING 
CONTROL

California Eastern 
Laboratories
NV4V31MF blue-violet  
laser diode
www.cel.com

Cree
XLamp XP-E2 LED
www.cree.com

iWatt
iW3616 and iW3617  
LED drivers
www.iwatt.com

Linear Technology
LT3763 synchronous buck 
LED driver controller
www.linear.com

STMicroelectronics
LBP01 bypass protection 
switch
www.st.com

Texas Instruments
LM3463 six-channel  
LED driver
www.ti.com

Vishay Intertechnology
VLMx1500-GS08 series 
ultrabright LEDs
www.vishay.com

Vishay Intertechnology
VSMY7852X01 and 
VSMY7850X01 IR emitters
www.vishay.com

Ximea
MQ series USB 3.0 industrial 
machine-vision camera
www.ximea.com

POWER

CUI
NDM2P point-of-load 
modules
www.cui.com

International Rectifier
Ultrabook Vcore power-
management solutions
www.irf.com

Linear Technology
LT3504 40V quad  
step-down dc/dc converter
www.linear.com

On Semiconductor
NCP1851 Li-ion switching 
battery charger
www.onsemi.com

OutBack Power 
Technologies
Radian series GS7048E 
inverter/charger
www.outbackpower.com

Power Integrations
LinkSwitch-HP offline 
switcher ICs
www.powerint.com

Renesas Electronics
NFC wireless charging 
system
www.renesas.com

TDK-Lambda
HWS-L/BAT series  
power supplies
www.us.tdk-lambda.com

Texas Instruments
TPS81256 boost converter 
module
www.ti.com

UltraVolt
PXS series ultrasmall  
high-voltage power supplies
www.ultravolt.com

Vicor
Picor PI33XX Cool-Power 
ZVS buck regulators
www.vicorpower.com

PROGRAMMABLE 
LOGIC

Altera
Arria V GZ FPGAs
www.altera.com

Lattice Semiconductor
LatticeECP4 FPGAs
www.latticesemi.com

Microsemi
SmartFusion2 SOC FPGA
www.microsemi.com

Xilinx
H580T heterogeneous  
3-D FPGA
www.xilinx.com
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PRODUCTS OF 2012

RF/MICROWAVE

Epiq Solutions
Matchstiq software- 
defined radio
www.epiqsolutions.com

Linear Technology
LTC5585 I/Q demodulator
www.linear.com

Microchip Technology
PIC12LF1840T48A  
MCU/RF transmitter
www.microchip.com

NXP Semiconductors
BGU700x GPS  
low-noise amplifiers
www.nxp.com

Silicon Labs
Si477x AM/FM receivers
www.silabs.com

Stonestreet One
Bluetooth Smart module
www.stonestreetone.com

Telit Wireless Solutions
Jupiter SE880  
GPS receiver module
www.telit.com

SENSORS

ams
AS3935 Franklin  
lightning sensor IC
www.ams.com

Analog Devices
ADMP504 MEMS 
microphone
www.analog.com

Freescale Semiconductor
Xtrinsic FXOS8700CQ  
six-axis sensor
www.freescale.com

Semtech Corp
SX9300 capacitive  
proximity sensor 
www.semtech.com

Sensirion
SHTC1 humidity and 
temperature sensor
www.sensirion.com

STMicroelectronics
LSM303D ultracompact 
e-compass module
www.st.com

TEST AND 
MEASUREMENT

Agilent Technologies
1000B series oscilloscopes
www.agilent.com

Bloomy Controls
Headless ATE system
www.bloomy.com

Keithley Instruments
Model 2657A high- 
voltage, high-power  
source measurement unit
www.keithley.com

National Instruments
PXIe-5644R RF vector 
signal transceiver
www.ni.com

Oscium
LogiScope logic analyzer 
for iPad/iPhone
www.oscium.com

Rigol Technologies
DS4000 series digital 
oscilloscope
www.rigolna.com

Rohde & Schwarz
Model ESR  
EMI test receiver
www.rohde-schwarz.com

Tektronix
THS3000 series handheld 
oscilloscopes
www.tek.com

Teledyne LeCroy
HDO oscilloscope family
www.teledynelecroy.com



↘ Rechargeable NiCd (nickel-cad-
mium) cells are widely used in 

consumer devices because of their high 
energy density, long life, and small self-
discharge rate. As a part of one project, 
I needed to design a reliable and inex-
pensive charger for a battery pack con-
taining two NiCd AA-size 1200-mAh 
cells. In the process of the charger design, 
I needed to solve two main problems: 
first, setting a proper charge-current 
value, and second, stopping the charging 
process when the cell is full to avoid 
overcharging. This Design Idea describes 
a way to overcome both problems.

Most NiCd cells can be charged at 
two significantly different charge cur-
rents: either a fast charge with a high 
current or an overnight charge with a 
low current. Regardless of the charge 
speed, a steady charge current should 

be provided to the cell during the charg-
ing, and more energy must be supplied 
to the cell than its rated capacity to 
compensate for the energy lost as heat. 
The cheapest and safest way to charge 
a NiCd cell is to charge at 10% of the 
rated capacity per hour for 16 hours. 
Thus, the 1200-mAh cell should be 
charged at 120 mA. This approach does 
not require an end-of-charge sensor and 
ensures a full charge.

The charger schematic is shown in 
Figure 1. The current regulator—IC3, 
an LM317—together with resistor R3, 
generates a constant charge current. 
R3’s value is calculated as 1.25V/120 
mA; the nearest standard value is 10Ω. 
The firmware of microcontroller IC1
performs all of the necessary functions: 
time delay for 16 hours and charger-
status reporting via LEDs. The micro-

controller program is straightforward. 
The assembler code can be found with 
the online version of this Design Idea at 
www.edn.com/4402441.

Any kind of low-end microcon-
troller could be used in this project. 
This design uses the inexpensive, readily 

available eight-pin Motorola 
MC68HC908QT1 microcon-
troller. The bicolor OSRGHC-
71A1B LED from OptoSupply 
indicates the state of the char-
ger: Red means the cell is under 
charge; green means the charge 
is completed. You can add a 
buzzer as an optional feature to 
provide an audio signal when 
charging is complete.

This idea can be applied to 
charge any cell, with the resis-
tor R3 chosen accordingly. 
Because of limitations with the 
LM317, maximum charge cur-
rent is limited to 1.5A. If the 
input voltage to the charger 
circuit is increased significant-
ly above 9V dc, then power 
dissipation in the LM317 
becomes a limiting factor.EDN

Charge a nickel-cadmium cell 
reliably and inexpensively
Abel Raynus, Armatron International Inc, Malden, MA
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Figure 1 The MC68HC908QT1 functions as a 16-hour timer. The LM317 is configured as a  
current source with R3.
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↘ This circuit allows you to turn on 
your holiday bulbs with a wave of 

a “magic wand.” The strings will flash 
in sequence.

The main part of the circuit is a digital 
magnetoresistive sensor, IC4 (Figure 1).
Typical Hall-effect sensors are not suit-
able for this design, because they do 
not work over an extended sensing dis-
tance. They also do not switch when 
excited by either magnetic pole. The 
Honeywell 2SS52 sensor works from 
either the north or the south pole. It 
has good sensitivity to a magnetic field.

You start by placing a magnet into 
the end of your magic wand and then 

put sensor IC4 in the PCB or housing 
of this device. The wand will work over 
a distance of 1 in. R6 and C4 preset the 
device to an off state at power up. This 
RC circuit gives a high-level output, 
which resets all of the D-flip-flop trig-
gers via the R inputs. 

You use capacitor C3 and resistor R4 
to make NAND gates IC1A, IC1B, and 
IC1D into a free-running oscillator. The 
reset circuit disables this signal genera-
tor at power up. When you move the 
magic wand near sensor IC4, the trig-
ger, IC2A, will change its output. This 
enables the signal generator and a bina-
ry counter formed by IC2B, IC3A, and 

IC3B. High outputs of the binary coun-
ter will open up the output drivers, Q1, 
Q2, and Q3, and the LED’s chains will 
sequence in a binary counting mode. 
You can adjust the counting frequency 
by changing the values of R4 and C3. 

A second swipe of your magic wand 
will toggle IC4, and the lights will turn 
off. You could adapt this circuit with 
optocouplers and ac triacs to drive LED 
lights meant for ac wall power.EDN

Control your holiday lights 
with a magic wand
Vladimir Rentyuk, Zaporozhye, Ukraine

when you move 
the magic wand 
near sensor ic4, 
the trigger will 
change its output.
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Figure 1 You can use a hidden magnet to toggle a Hall-effect sensor and sequence three strings of holiday lights in a binary  
counting progression.
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↘ Contemporary power supplies use 
switching techniques to achieve 

the desired output voltage from the pri-
mary source. Switching power supplies, 
however, are often too noisy to be used 
in sensitive analog circuits. You may 
find linear power supplies to be prefer-
able in these cases.

A standard practice for a linear volt-
age regulator is shown in Figure 1. A 
higher-than-desired, unstable voltage 
is connected to the input, VIN, and the 
series-pass transistor, Q1, reduces the 
voltage to the desired level at output 
VOUT. An error amplifier, IC1, compares 
a fraction of VOUT with 
a reference voltage, VR, 
and controls Q1 to keep 
the output fixed regard-
less of the load current, 
IOUT, and variations of 
VIN. Such a circuit is suit-
able only for a small range 
of output voltages. 

When a wide range of 
output settings is desired, 
as in laboratory power 
supplies, the value of 
resistor RQ1 must be small 
enough to allow sufficient 
base current for transistor 
Q1 at the high end of the output voltage 
range, but excessive power is dissipated 
at this resistor and transistor Q3 when 
output voltage is reduced. Additionally, 
Q3 must withstand the maximum VIN.

You can use the circuit in Figure 2
to overcome these problems. Two stan-
dard transformers, T1 and T2 (220V ac 
to 6V ac, 10W), are used to make an 
isolated replica of the mains supply, VM. 
This replica is doubled and rectified 
using D1, D2, C1, and C2 to get about 
560V at VIN from 220V ac at VM. As 
in the standard Figure 1 connection, 
a series-pass transistor, Q1 (BU508A), 
is used to reduce the unstable VIN down 
to a fixed VOUT, and IC1 compares the 
divided VOUT with VR. Potentiometer 
R3 sets VR to allow for the adjustment 
of VOUT, as given by the following equa-

tion: VOUT=VR×[(RFG+RF)/RFG], where 
RF=RF1+RF2 … RFn.

With 10 resistors (1 MΩ each) con-
nected in series to form RF and a maxi-
mum reference voltage of 5V, the out-
put voltage can be set from 0 to 505V. 
The OPA364 operational amplifier is a 
rail-to-rail input type to allow proper 
operation, with VR ranging from 0 to 
5V, and is able to source a current of 
up to 40 mA.

To reduce the power dissipation 
caused by driving a series-pass transistor 
and expand the output voltage range, 
the driving of transistor Q1 is done in 

an unconventional way using optical 
isolation. Two photodiodes, FD1 and 
FD2, operating in photovoltaic mode, 
provide the driving current for the base 
of transistor Q1. Light falling on the 
photodiodes causes a current flow into 
the base of Q1. 

The maximum voltage from a single 
photodiode working in photovoltaic 
mode is not sufficient to drive the base; 
therefore, two photodiodes are connect-
ed in series. Photodiodes for infrared 
light at 870 to 950 nm are used, and 
two IR LEDs, LD1 and LD2, illuminate 
them. The LEDs are standard 5-mm, 
plastic-encapsulated types. To improve 
the transfer ratio of the current through 
the LED versus the current generated 
by the photodiode, cut off the tops of 
the LEDs and polish them to form a 

flat surface. Place the photodiodes in 
proximity to the surfaces obtained. The 
transfer ratio of this homemade opto-
coupler is about 0.05. (The current of 
20 mA through the LED causes a cur-
rent of 1 mA through the photodiode.) 
Alternatively, you can use a commer-
cially available linear optocoupler—for 
example, an IL300, which houses two 
photodiodes. Its current transfer ratio 
is only about 0.007, so you should use 
several such components in parallel.

The current-limiting circuit formed 
by Q2 and R2 simply shorts the FD1 and 
FD2 photodiodes when the output cur-
rent exceeds Q2’s turn-on threshold, 
and the limit is independent of the 
output voltage. Capacitor C6 is added 
for compensation, and transistor Q1 
should be fitted with a heat sink of 
at least 5°C/W. The power supply for 

the operational amplifier 
and the reference voltage 
is provided from the ac 
signal between the two 
transformers using bridge 
rectifier BR1 (50V, 1A); 
two filtering capacitors, 
C7 and C8; and voltage 
regulator IC2 (LM7805). 
A shutdown of the output 
voltage can be made by a 
simple short circuit across 
capacitor C5, making VR
equal to 0.

Those living in a 110V 
ac region can use locally 

available transformers, but they should 
modify the circuit to achieve 500V by 
adding yet another transformer, T3 (the 
same as T1 and T2, all 110V ac to 6V 
ac, 10W), in such a way that the low-
voltage windings are connected in paral-
lel, while the high-voltage windings of 
transformers T2 and T3 are connected 
in series. The operation of the high-
voltage windings can be verified using 
an ac voltmeter; if the voltmeter reads 
zero, the ends of the windings from T3
must be exchanged. Alternatively, if a 
220V/6V transformer is available, keep 
T2 as 220V/6V and use 110V/6V at T1.

Editor’s note: High voltages of 500V 
and the available current of several mil-
liamps can be lethal; exercise caution 
when building, testing, and using this 
circuit.EDN

Regulate a 0 to 500V, 10-mA 
power supply in a different way
Dušan Ponikvar, University of Ljubljana, Ljubljana, Slovenia
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Figure 1 A standard linear voltage regulator connects the feedback 
directly to the series-pass transistor, Q1.
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↘ To control their brightness, LEDs 
need a constant current; this can 

be done with a resistor placed in series 
with the LED string. Both the LED-
string voltage and the supply voltage 

can vary, so a dedicated LED driver is a 
must to guarantee the current accuracy. 
Two solutions—each with advantages 
and disadvantages—are widely used: a 
linear constant-current LED driver 

or a step-down switching converter. 
Linear drivers are simple solutions 

requiring few components and are 
essentially noise-free, but they dissipate 
heat proportionally to the difference 
between the supply voltage and the 
LED forward voltage. To protect against 
overheating, the driver package may 
require an additional heat-spreading 
area on the PCB, adding to the cost and 
amount of PCB real estate required and 
increasing the risk that the driver IC 
will enter thermal shutdown and turn 

Linear and switcher LED supplies 
combine, overcome disadvantages 
of each topology
Fabien Franc, On Semiconductor, Phoenix
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Figure 1 The LM393 comparator monitors the LED string’s low-side voltage and enables either the buck regulator (CAT4201) or 
the linear regulator (CAT4101).
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off the LEDs. If the driver is located 
next to the LEDs, the additional heat 
can cause the LEDs to operate at an 
elevated temperature, shortening their 
lifetimes.

Step-down, or buck, converters are 
efficient and generate little heat, but 
switching solutions require an inductor 
and a Schottky diode. The solutions also 
create noise, especially when the supply 
voltage drops and approaches the LED 
forward voltage. In automotive applica-
tions, RFI (radio-frequency interference) 
is a major concern. 
EMI/RFI filters are rec-
ommended in front of 
the switching convert-
ers to prevent high-
frequency-switching 
conducted noise from 
going back into the 
supply, as it may inter-
fere with other equip-
ment, such as the AM/
FM-band radio.

Linear-driver op-
eration is at its opti-
mum when the buck 
converter behaves 
poorly, running out of 
headroom. To benefit 
from both approaches 
without the disadvan-
tages, you can adopt a 
combined linear/buck 
solution, which mini-
mizes the switching 
noise without compro-
mising efficiency. 

Ideally, a battery voltage varies 
across a wide range, such as in automo-
tive (8 to 17V) applications, where the 
linear/buck driver provides the desir-
able lower-noise operation and higher 
efficiency. Linear LED drivers convert 
to buck mode once the supply voltage 
increases above a limit, thereby protect-
ing the linear driver from overheating. 

The circuit described here selects 
each LED driver independently with 
adjustable threshold voltages when 
transferring between the switching and 
linear modes, with additional hysteresis 
for a smooth changeover. Figure 1 shows 
the schematic using On Semiconductor’s 
CAT4201 350-mA buck and CAT4101 
1A, constant-current LED drivers; the 

comparator logic is also shown. Unlike 
the more common buck topology, with 
a high-side switch and a low-side diode, 
the CAT4201 swaps those devices. 

As with a typical buck switcher, 
when the switch turns on, the current 
increases through the inductor, L, and 
the LEDs until it reaches a peak value 
equal to twice the average LED current; 
then the switch turns off. The charged 
inductor forces the current to continue 
to flow through the Schottky diode, 
D1, and the LEDs until it drops to zero; 

the cycle then repeats. This switching 
operation is referred to as boundary con-
duction mode.

The R1/R2 resistor divider produces 
V+ at a fraction of the cathode volt-
age. If the comparator (LM393) input 
voltage is greater than a fixed reference 
voltage of 2.5V, then the output is high; 
OUT is low, disabling the linear driver 
and enabling the buck converter. If V+ 
is lower than the reference voltage, the 
comparator output is low and the linear 
driver is enabled, while the buck con-
verter is disabled. The feedback resistor, 
R5, adds some 0.6V hysteresis, such that 
once the cathode voltage rises above 
3.6V, the buck turns on; as the cathode 
voltage falls below 3V, the linear driver 

takes over. Note that if the other half of 
the LM393 is not used for another LED 
power supply, good design practice dic-
tates that all unused input and output 
pins on the LM393 be tied to ground. 

Figure 2 shows the LED current 
regulation for the buck alone and the 
combination linear/buck driver. The 
linear/buck driver extends the LED cur-
rent regulation down to a lower sup-
ply voltage below 8V, compared with 
the buck alone, allowing the LEDs to 
remain on, even as the battery voltage 

drops further. For a supply voltage below 
11V, the buck alone loses its accuracy 
and also generates higher switching 
ripple current back into the supply. 
The lower-frequency ripple current is 
more difficult to suppress with an EMI 
filter. On the other hand, under the 
same supply-voltage range, the linear 
driver provides better regulation and 
noise-free operation.

In spite of the additional com-
ponents, the combined linear/buck 
solution is valuable in applications 
where low-noise performance and the 
extended supply-voltage range are desir-
able. Linear-to-buck transition volt-
ages can be set to optimize the thermal 
dissipation.EDN
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Figure 2 The linear/buck current sink extends the compliance range for current regulation down to a 
lower supply voltage (below 8V), compared with the buck regulator alone, and reduces EMI with low 
battery. As a result, the LEDs can remain on under low-battery conditions.
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↘ For a designer wishing to use a 
Linear Technology LT1072 

switching regulator in the buck mode 
and being forced to deal with high input 
voltages, achieving the highest efficien-
cy possible poses a problem. If, for exam-
ple, you need to convert 20V to 5V at 
a relatively low power level of 1.25W, 
the quiescent current of the device itself 
(typically 6 mA) will become an impor-
tant part of the circuit’s power 
consumption. 

Because the quiescent current is 
relatively unaffected by the input volt-
age, the power that the IC consumes is 
directly proportional to its applied sup-
ply voltage. If your system has an exter-
nal low-voltage supply available, you 

could run the IC from it—the LT1052 
operates down to 2.6V. If such an aux-
iliary supply is absent, you can operate 
the IC from its own output by incorpo-
rating a switch-over circuit (Figure 1). 
Adding this feature boosts the supply’s 
overall efficiency from 77% to 83%.

When you first apply power to the 
supply, the regulator has no output: R8
and D7 hold C6 discharged and the gate 
of MOSFET Q4 at ground. Because Q4 is 
turned off, the rising supply voltage pulls 
the gate of Q3 up via R5. As the supply 
voltage rises, Q3 turns on, applying the 
full input voltage to the IC and allowing 
the regulator to begin operation.

Once the regulator starts and the 
output voltage rises, C6 begins charging 

Technique maximizes 
converter efficiency
Roger C Whipple, Hazeltine Corp, Braintree, MA

Originally published in the January 5, 1989, issue of EDN

CLASSICS

Figure 1 This switch-over circuit powers the regulator IC from the supply’s output after the supply starts up. Running the IC from 
the lower-voltage output instead of the input raises the supply’s efficiency from 77% to 83%. 

through R8. When the voltage on the 
gate of Q4 reaches about 2.5V, Q4 turns 
on, pulling the gate of Q3 to ground and 
shutting it off. This shutoff removes 
the input voltage from the IC. As C5
discharges into the IC, D5 becomes for-
ward-biased and supplies voltage from 
the output to the IC.

If a power glitch or a momentary 
short circuit causes the output voltage 
to drop below the minimum that the 
LT1072 needs to operate, diode D7 will 
rapidly discharge C6, allowing the input 
voltage again to be applied to the IC. 
When the voltage rises again, normal 
operation will resume.EDN
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As C5 disChArges 
into the iC, d5
beComes forwArd-
biAsed And supplies 
voltAge from the 
output to the iC.
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A review of the test data showed 
the units had met spec when they left 
for the field. A review of the design 
revealed no issues. The design used the 
values stipulated in the device data 
sheets, and the transistor data showed 
an adequate ac and dc beta that was 
within the specified temperature range.

I could find no errors in the way the 
units had been designed or in the selec-
tion of the parts used. I was stumped.

Keep in mind that all of this took 
place in the days predating the cubicle, 
when engineers were allowed to have 
offices with doors and usually shared 
them with an office mate. As luck would 

have it, my office mate happened to 
manage the IBM System/360 computer 
our company had recently purchased.

My office mate was also familiar with 
the problem I was troubleshooting and 
suggested we join forces and use the 
problem as a test case to show manage-
ment the benefits of computer-aided 
analysis. (Again, these were the days 
when slide rules were still in common 
use.) The plan was for me to model the 
circuitry on paper and create simplified 
models of the devices and transistors. 
The transistors would be modeled in a 
hybrid-pi configuration using data from 
manufacturer data sheets.

Paul Wollam • engineer
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Out-of-spec problem with a long tail 

I
n the mid-1960s, early in my career as an engineer, I found 
myself facing a problem that at the time appeared impos-
sible to solve. My employer had been awarded a contract to 
design, develop, and produce specialized surveillance equip-
ment related to the war effort in Vietnam.

Field testing on the initial units had gone well, and the 
company was in a full production swing when an unusual problem 
appeared. The returned modules contained a specially designed 
video amplifier showing inadequate gain. The only clue as to 
what might be wrong was a slightly out-of-spec dc bias level at the 
joined emitters of a long-tail pair of differential amplifiers housed 
in the amplifier module.

I then wrote loop equations in 
matrix form compatible for program-
ming and input into a subroutine pro-
gram that inverted and processed the 
matrices. The input to the central IBM 
computer was via a time-shared teletype 
terminal. 

The code was written in a BASIC 
language and comprised two parts: a 
separate dc simulation and an ac simu-
lation with random number generators 
associated with the software to simulate 
the variations in parameter values due 
to the effects of tolerances and changes 
in temperature.

After several Monte Carlo sensitiv-
ity runs—which incorporated a worst-
case temperature spread on suspected 
components, including the transistor 
betas—we found that when we varied 
the dc beta to simulate the slightly out-
of-spec dc level of the returned units, 
the dc-beta spread of the transistors 
associated with the long-tailed pair 
became slightly broader than the spread 
listed on the manufacturer’s data sheet.

We set up a special test station in 
manufacturing and tested incoming 
transistors. Into one pile went the tran-
sistors that fell within a spread that was 
slightly smaller than that advertised in 
the data sheet to account for a degree 
of degradation. We rejected transistors 
that fell outside the stipulated range, 
as we suspected the failed units to be 
marginal cases.

Not long after this adjustment, the 
problem in the field essentially van-
ished. My office mate and I were hailed 
as heroes, the company was sold on 
computer-aided circuit analysis, and the 
experience taught me never again to put 
my complete trust in a data sheet.EDN

Paul P Wollam is an engineer living in
northern San Diego County. His career 
has spanned a frequency range from dc 
to light wave.

mY offiCe maTe saW 
The Problem as a TesT 
Case for Proving The 
benefiTs of ComPuTer-
aided analYsis.
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Precision Matched
Resistors

LT5400-1

5mW 18-Bit SAR Driver

Info & Free Samples

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

Achieve high precision on a tight power budget with the LTC®6362. Designed to drive 16- and 18-bit SAR ADCs on a single 
5V 1mA supply, this fully differential amplifier features 200µV max VOS, input-referred voltage noise of just 3.9V/  Hz, 
–116dBc distortion at 1kHz, and 18-bit settling in 550ns. The LTC6362 easily scales and shifts AC- or DC-coupled signals to 
the input range of the ADC. It is ideal for driving the 18-bit 1.6Msps LTC2379-18 ADC with a digital gain compression feature 
that sets the full scale range to 10% to 90% of the reference voltage. For optimal system performance, the LT®5400 precision 
matched resistors maintain high accuracy over temperature and common mode voltage range.

www.linear.com/product/LTC6362

1-800-4-LINEAR

LTC6362 Driving the LTC2379-18Differential SAR ADC Amps

Fast, Low Power Data Acquisition
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Part
Number

LTC6362

LT6350

LTC6247

LTC6253

LT6203

LT6201

LT1469

Description

5mW, 18-bit settling in 550ns

±5V, 1.9nV/  Hz, integrated resistors

1mA, 180MHz GBW

3.5mA, 720MHz GBW

3.5mA, 100MHz GBW, 1.9V/  Hz

165MHz GBW, 0.95nV/  Hz

90MHz GBW, 75µV max VOS
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