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Locate Your ZigBee Solution

First Location System-on-Chip for ZigBee
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The CC2431 from Texas Instruments is the first SoC with a hardware location engine targeting low-power ZigBee® wireless
sensor networking applications, such as asset tracking, patient monitoring, inventory control, security and commissioning
networks. It features a powerful RSSI-based location engine, which reduces network traffic compared to centralized
location systems, and is supported by TI's Z-Stack™ protocol stack.

Mesh Network with Location Detection
(@) (@) (¢} (@) (@) (@) (@)
® Reference node used
to calculate location .
o) 0] o (max 16) High-Performance Analog >>Your Way
Location Information @ Node in ZigBee
° o o network
Blind node that will
calculate its own o
° e o location (C02431) For development kits, -
@ Collector (PC, PDA, samples and datasheets, visit >>
° ® ® ® ° ® ® handset) www.ti.com/cc2431
1-800-477-8924 ext 2431

High-Performance Analog >> Your Way, Technology for Innovators and the red/black banner are trademarks of Texas Instruments. 1870A0 © 2007 TI
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Rail-to-Rail Op Amps Offer the Industry’s

Best Speed-to-Power Ratios

LMV651 Low Noise Op Amp Consumes 116 pA at 12 MHz

LMV651/52/54 Features ' )
« Guaranteed 2.7V and 5.5V performance LMV651 Input Referred Voltage Noise vs Frequency
* Low supply current: 116 pA (LMV651) 100

* High unity gain bandwidth: 12 MHz

* Input offset voltage: 100 pV

CMRR: 100 dB

PSRR: 95 dB

e Total harmonic distortion at 0.003%

¢ Tiny SC70-5 packaging (single LMV651)
* Mini SOIC-8 packaging (dual LMV652)

Input Referred Voltage Noise
(nV/\/Hz)

10

* TSSOP-14 packaging (quad LMV654) 1 10 100 1k 10k 100k
Frequency (Hz) ‘

LMV551/52/54 Features ]
* Guaranteed 2.7V and 5.5V performance LMVIE:;:EP:: I!':::::I:::yl 2
* Very low supply current: 37 pA 180 [T H HH T 180
* High unity gain bandwidth: 3 MHz 150 *\; PIasTHH HH HH HHL H HH 150
e CMRR: 93 dB 120 *‘“%zn H i LZ‘(‘)p‘ILH 120
e PSRR: 90 dB 0 0 il Wi =1HI;0pF il J 90 =
* Tiny SC70-5 packaging (single LMV551) g 60 X TAtle, = sopPR\\ 11 80 &
« Mini SOIC-8 packaging (dual LMV552) S 30 ileain RSN
* TSSOP-14 packaging (quad LMV554) 0 m C, = 100pF . 9

o TIN5

Ideal for use in portable equipment, battery-powered

. . . . .. Frequency (Hz)
systems, instrumentation, and industrial control applications

60 Ll L -60
100 1k 10k 100k 1M 10M 100M ‘

For FREE samples, datasheets, online design tools,

s and more information on the LMV65x/55x, visit
SIGNA. o
‘rk amplifiers.national.com National

Or call: 1-800-272-9959 Semiconductor
The Sight & Sound of Information

National Semiconductor Corporation, 2007. National Semiconductor, LMV, Signal Path Designer and & are registered trademarks of National Semiconductor Corporation. Al rights reserved.




Recognizing gestures | .

Blurring the line
between humans and
machines.
by Robert Cravotta,
Technical Editor

8.16.0/

Add flex to your flow

Setting up a versatile
flow and environment
improves design

contents

productivity.
by Andrew Potemski,
Synopsys Professional Services
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ji:lj Circuit compensates system offset of a load-cell-based balance

Voltage doubler uses inherent features of push-pull dc/dc converter

SERIAL CLOCK
DATA OUT
GS/SHDN

Voltage timer monitors line-connected ac loads
TSILOAD
|| cotien Cascaded converter boosts LED-drive capability

S lom  sonfon Dual transistor improves current-sense circuit
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0.3-V Input Boost DC/DC Converter

Manages Single Solar and Micro-Fuel Cells

Applications

— Single solar cell and micro-fuel cell
powered products

— 1-/2-/3-cell alkaline, NiMH or 1-cell Li-lon
battery-powered products

— Portable solar charger

— Portable audio and media players
— Digital still camera

- — Digital radio player

Features

Power "“1.8"_5.5" —InputvoI’Fage: 03Vto55V :
Manugement —— -.j ~ — Start-up into full load at 0.5 V input voltage
T

—

Automatic down conversion mode enables

~ continuous operation during V,y > Vqyr conditions
Power save mode for improved efficiency

at light loads

TPS61200

Switch current limit: 1.5 A (max)

-
~pPPL,
§ane
HIGH-PERFORMANCE ANALOG % @\ % : YOUR WAY™
2, &
CAITIYSS

The TPS61200 is the industry’s lowest input-voltage boost converter, enabling portable electronic end equipment to draw
power from new energy sources such as solar and micro-fuel cells. This tiny power management circuit can operate with input
voltages as low as 0.3 V with high efficiency, and provides an extremely low 0.5-V start-up capability under any load condition.

Switch
v Current
Device In (V) Limit (A) Vour Efficiency (%) Package Price (1k)*
TPS61200 03t055 1.35 1.81t05.5 95 3 x3mm QFN-10 $1.70
TPS61081 251t06.0 1.3 Vi to 27 85 3 x3mm QFN-10 $1.65
TPS63000 1.81t05.5 1.8 121055 96 3 x3mm QFN-10 $2.75
TPS717xx 251065 - 09t06.2 - 1.5x 1.5 mm SON $0.40 .
5 — : » Evaluation Modules, Samples
Suggested resale price in U.S. dollars in quantities of 1000 and Power Man agement

Selection Guide >>
www.ti.com/tps61200
800.477.8924, ext. 3941

High-Performance Analog >> Your Way, Technology for Innovators and the red/black banner are trademarks of Texas Instruments. 1871A0 © 2007 Tl

Technology for Innovators” {'} TEXAS INSTRUMENTS
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communications platforms
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WaveScan, a powerful new tool only for LeCroy oscilloscopes, continuously

monitors live acquisitions for unusual events — even if you're not there. ‘m
¢

Select from more than 20 search criteria, including frequency, rise time, 2007 FINALIST

runt, and duty cycle. WaveScan also locates rare occurrences in a

EDN Magazine has included LeCroy’s WaveRunner” Xi and
WaveSurfer® Xs with WaveScan in it's ‘Hot 100 Products’ list.
quick identification. Debug faster. It’s that simple. WaveScan is also an EDN 2007 Innovation Award Finalist.

www.lecroy.com
Keyword: unusualevents m roy

1-800-5-LeCroy

single capture, or even a saved waveform and marks events for
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Check out these Web-exclusive articles:

Inside Apple’s iPhone:

more than just a dial tone

Prying Eyes: See which processors,

memory devices, and other ICs Apple's

engineers selected, and ponder the archi-

tecture decisions that hint at future iPhone

generations.
www.edn.com/article/CA6463808

Understanding electronic-device data
sheets: a designer’s imperative
www.edn.com/article/CA6464110

CESI partners with Tektronix
to establish research lab
www.edn.com/article/CA6463531

Integrating RF into a CMOS-
logic process
www.edn.com/070816toc1

Linear introduces surface-mount
low-dropout regulator
www.edn.com/article/CA6457676

MemCon panelists ponder challenges

of flash SSDs, HHDs in PC, server

applications
www.edn.com/article/CA6461757

Sony’s PS3: A coming-soon
downloadable-cinema prediction
www.edn.com/070816toc2

Leakage grows, high-k approaches:
the world of 45-nm CMOS
www.edn.com/article/CA6460918

Communications processor supports
security, encryption, and compression
www.edn.com/article/CA6459891

A selection of recent articles receiving
high traffic on www.edn.com.

Is FPGA a simpler puzzle

for ASIC designers?

With rising mask costs, complexity, and tool

expenses to develop ASICs and SOCs,

many design groups today are opting to

implement their production designs in

FPGAs.
www.edn.com/article/CA6459058

Moore’s Law under fire again
www.edn.com/article/CA6461376

Firmware v1.9: Sony’s PS3 kills
another corporate sacred cow
www.edn.com/070816toc4

Interface chips: between logic
and a hard place
www.edn.com/article/CA6459059

32-bit processors have a place in low-
power, low-bandwidth ZigBee designs
www.edn.com/article/CA6460106

Special report: Electronic Business’
top R&D spenders
www.edn.com/article/CA6462018

Voice-over-IP problems persist
www.edn.com/article/CA6461494

High-power LED drivers require
no external switches
www.edn.com/article/CA6459061

Prying Eyes:
Eviscerating the Xbox 360 Elite
www.edn.com/article/CA6459056

Networking moves to home automation
www.edn.com/article/CA6455597

et v N

EDN s

We're proud to announce a significant
upgrade to our video section, EDN Tech
Clips. Tune in today to check it out, and
while you're there, view our latest Video
Design Idea, in which Bonnie Baker, senior
applications engineer at Texas Instruments
and a regular EDN columnist, demonstrates
a simple way to add DAC functions to a mi-
crocontroller-based system using only an op
amp and two passive components.
www.edn.com/techclips

FROM EDN’s BLOGS
Efficient power-grid
reporting and response
From PowerSource, by Margery Conner
Last week, | had a long
conversation with one of
the system architects for
a new intelligent power
grid. “Intelligent” refers to
a virtually all pieces’ of the
grid having sensor and communica-
tion capability. Aside from the gee-whiz
claims of a smart grid that will be able
to fuel our plug-in hybrid electric ve-
hicles at night from energy that we sell
to the grid from our roof-based solar
cells during the day, what's the practi-
cal short-term benefit to a power cus-
tomer of an intelligent power grid?

Here’s the answer: Generally speak-
ing, utilities today rely on people calling
in to report an outage to know when
there’s a problem. The equipment today
was designed and often installed 50
years ago with little or no remote-moni-
toring capability. Knowing immediately
what the problem is allows the grid to
take action to ensure that other parts of
the grid don't also go down.
www.edn.com/070816tocH
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EDN.COMMENT

BY MAURY WRIGHT, EDITORIAL DIRECTOR

*Mind of the Engineer” yields
range of responses

nmy last column, [ highlighted some of the results of our “Mind of the
Engineer” research (Reference 1). Most of that column comprised
answers to aided-response—multiple-choice—questions. But EDN
received a huge number of open-ended, verbatim responses as well,

especially to the question: When thinking about how your engineer-
ing role has changed in the past three years, what has been the great-

est challenge? I thought you might be interested in a sampling of the responses.

Management certainly took its share
of criticism, in terms of both techni-
cal competence and project definition
and execution.

e “Management is going downbhill,
technically. [Managers] also have a
very shortsighted mentality. I am con-
tinuously told about the time to market
and that ‘we might miss the market.’
I wonder what Henry Ford thought
about this ... if he thought his product
would disappear in six months.”

e “Many projects are started in a
rush because we needed this product
‘yesterday.” Ultimately, the project is
abandoned in a few months when the
next ‘got-to-have-it’ project comes
along.”

e “The poor reasoning used by
management for developing a new
product, which is mostly based on
near-term gains and success instead
of long-range success. The rabid need
for instant gratification, whether cash
reward, bottom-line profits, or share-
holder value, instead of a steady plan
based on either customer needs or
quality product.”

You may remember from the previ-
ous column and even from the 2006
study that engineers are taking on
more and more tasks, both within

| AUGUST 16, 2007

multiple engineering disciplines and
in sales, marketing, and manufactur-
ing. Here, too, participants had some
things to say about their challenges:

o “The greatest challenge has been
meeting unplanned sales/support de-
mands and still accomplishing my ex-
isting product-development goals.”

e “Integrating the digital and an-
alog worlds has become a little eas-
ier because of the work done by the
manufacturers. I am doing a lot more
analog work than ever and at higher
speeds than I ever envisioned.”

e “I find myself responsible for
more phases of the design and more
facets of it. | have taken over the tasks
of other engineering disciplines, be-
cause we don't have those engineers
in the organization. Now, I'm also re-
sponsible for the QC [quality control],
the testing, even some of the mechan-
ical-engineering aspects of the prod-
uct design.”

The challenges of global and offshore
issues were also prevalent responses:

o “Offshoring’ new designs and
product development to Taiwan and
mainland China, whether complicat-
ed or not. The US engineer, therefore,
must constantly compensate [for] or re-
design the changes the contract manu-

/

facturers perform without permission.”

e “New designs that US engineers
out of college should be working on
get outsourced, and, therefore, these
new engineers are not getting the ex-
posure [to] and enjoyment of design-
ing and developing a product. They
are put in a role as managing the de-
signs, not performing them.”

e “Pressure to do more things more
quickly at higher quality levels than
ever before. Pressure from offshoring
of engineering jobs makes it necessary
to be ‘superproductive’ to match the
large number of inexpensive offshore
engineers that can be used to cover for
lower capability and efficiency in low-
labor-cost areas.”

My last column ended on a positive
note, with the observation that most
respondents to our survey would rec-
ommend the engineering profession
to a student. Alas, not all see things
as quite so rosy, as the following com-
ment clearly states:

e “Engineers used to be respect-
ed professionals; now we're just com-
modity items. Stress is rising, job sat-
isfaction is falling, job security has be-
come nonexistent, and all this is tak-
ing product quality down with it.”

But not all is lost, according to the
following respondent:

e “Learning to adapt new tech-
nologies to new products, which may
contain new technologies, as well.
That is both the greatest challenge
and the greatest source of pleasure in
the job.”EDN

REFERENCE

@ Wright, Maury, “Research confirms
suspicions and reveals surprises,’
EDN, Aug 2, 2007, pg 10, www.edn.
com/article/CA6462565.

Contact me at mgwright@edn.com.

AT EDN.COM >

Go fo www.edn.com/070816ed
and click on Feedback Loop to post
a comment on this column.




FAIRCHILD

SEMICONDUCTOR®

Greater efficiency, less space.
Bright ideas in lighting ICs.

Integrated ballast control ICs simplify designs

Now you can eliminate components and complexity
in ballast designs. For example, our new FAN7711
features all the optimum power functions as well as

circuitry protection required for CFL and LFL applications.

Fairchild gives you more functionality, in less space, with
improved reliability—combined.

15V shunt

regulator
625V gate driver
Active ZVS control

Open lamp
detection §

Lamp ignition
contro

FANZ711 Electronic Ballast Control IC

Ballast

Gate drivers improve system reliability
Combining exceptional noise immunity with high-side
driver operation that features negative Vg swings of
-9.8V (Vgs = 15V to protect against negative noise,
Fairchild’s HVICs enhance system reliability and
minimize power consumption.

High-performance SuperFET™ MOSFETs

SuperFET MOSFETs minimize conduction and switching
losses to help improve overall system efficiency. Their
combined low on-resist- I
ance, DPAK packaging

and ability to withstand 66%
high speed switching LC,%:ZZER
transients make them .
the ideal MOSFETs for

ultra-slim ballast designs.

FCDxN60 Planar
600V, 0.6~1.20 Rpsiony MOSFETs

To learn more about our complete lighting solutions—
including PFC ICs, IGBTs and transistors—please visit
www.fairchildsemi.com/lighting.

the

www.fairchildsemi.com p(')we rl

franchise




high speed USB
on-the-go
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battery

keys

PNX0103 media processor for mobile phones and Flash players

The Nexperia PNX0103 ARM-based media processor from NXP
Semiconductors provides up to 100 hours of uninterrupted MP3 playback.
It consumes very little power, includes built-in power management for
Li-lon batteries, and supports the Microsoft PlaysForSure standard video
playback and picture viewing. The PNX0103 also supports single level
cell and multi level cell NAND Flash memory, avoiding dependence on
a single memory vendor in the volatile NAND Flash market. The NAND
Flash controller enables secure download and execution of program
code for digital rights management (DRM), as well as fast read/write of
multimedia content. Hi-Speed USB On-The-Go facilitates super-fast
content download and transfer to other devices, and there are
interfaces for 802.11b/g and Bluetooth® wireless connectivity.

What if you could combine
even more play time with even
higher quality audio?

NXP develops vibrant media technologies that help bring your
ideas to life. Our innovative solutions enhance images, sharpen
sound and simplify information sharing. Find out more about

the power-saving media processor for mobile phones and Flash
players at our website.

www.nxp.com/ad/pnx0103

What if you could

founded by Philips
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PXI| Switches

RF and Microwave

= 21 different modules
* From DC to 26.5 GHz
= Less than 2 dB of insertion loss

High Voltage, Power

= Upto600Vori12A
= UL and CE certified

High Density,
More Flexibility
= Up to 512 crosspoints or
198 channels per slot

NI Switch Executive switch
management software

>> Find the right switch
for your system
at ni.com/switches

800 891 8841

7 NATIONAL
INSTRUMENTS'

© 2007 National Instruments Corporation. All rights reserved.
National Instruments, NI, and ni.com are trademarks of
National Instruments. Other product and company names listed
are trademarks or trade names of their respective companies.
2007-8697-101




| — , Y "
he latést c¥®p of multimeters
grown from the best-selling Agilent 34401A
-~ i"‘"j‘i B

[t's true. The Agilent 34401A is the industry’s best-selling

Specification  34405A 30401A  34410A/11A bench digital multimeter. Now there’s a new line of DMMs—
Display 5% digits, 6% digits 6% digits, built upon the same trusted technology, but with expanded
dual display dual display .
: capabilities and features.
Basic DC 250 ppm 35ppm 30 ppm
Accuracy
Max Readings/s 19 1,000 10,000 (34410A . .
I ,?0 PC) 50,000 :34411A; For economy applications, pick up a 34405A—our newest
Connectivity usB GPIB, GPIB, USB, & LAN and most cost-efficient DMM. And when higher performance
RS-232 LXI Class C Compliant ) ] ]

) is needed, consider the 34410A and 34411A—DMMs built to

Price $745 $1.172 $1,595 (34410A)
§1,995 (34411A) capture temperature, capacitance and datalogger measure-

U.S. list price. Prices subject to change

ments. Whatever your need, Agilent has you covered in both
Authorized distributor

TESTEQUITY

888-543-3457

price and performance.
Polish up your DMM collection with the 34401A series

DMMs. Just visit www.agilent.com/find/multimeters to locate

an Agilent authorized distributor.

-<,2-- Agilent Technologies



INNOVATIONS & INNOVATORS

Digital downconverter expands
transceiver bandwidth

ith signal-intelligence, radar,and com-
munications-systems applications in
mind, Pentek recently released the

Model 7140-420 dual digital transceiver with
an integral FPGA-based digital downconverter
and interpolation filter. The module is a com-
plete software-radio system in a PMC/XMC
form factor and features two ADCs and two
DACs for direct connection to high- and inter-
mediate-frequency ports. The module handles
arange of input- and output-signal bandwidths
from 4.8 kHz to 40 MHz, allowing signal-intel-
ligence users to easily move from an 8-kHz-
bandwidth voiceband signal in one applica-
tion to @ 10-MHz cell-phone signal in the next.
Pentek supports libraries, device drivers, and
software-development tools for PCs running
Windows 2000/XP or Linux operating sys-
tems and PowerPCs running VxWorks, Linux,
or eCos operating systems. Prices start at
$11,995, and delivery is eight to 10 weeks.

—by Warren Webb

Pentek Inc, www.pentek.com.

The Pentek Model 7140-420 dual digital
transceiver features digital-downconverter
and interpolation-filter intellectual-property
cores to boost bandwidth range.

| EDITED BY FRAN GRANVILLE

—Reader Ben Myers, in EDN's
Feedback Loop, at www.edn.
com/article/CA6455604. Add
your comments.

MEMS-based resistor divider sets ohmic resistance and TCR

'emperature-sensitive circuits, such
Tas those in analog instrumentation,

optical networks, or power supplies,
usually require temperature compensation.
For those applications, Microbridge has
added electronic temperature compen-
sation to its line of MEMS (microelectro-
mechanical-system)-based adjustable re-
sistors, which the company calls “rejustors;’
to make a passive electronic-temperature-
compensation-resistor divider (see “Rejus-
tors change resistance by thermal anneal-
ing of polySi) www.edn.com/070816p1).

The highly accurate, 30-k() MBT-303-
A divider comprises two resistors in se-
ries. You can set each resistor’s value to
21 to 30 kQ with an accuracy of 0.01%.
You can adjust both ohmic resistance and
the positive and negative TCR (tempera-
ture coefficient of resistance) for each re-
sistor after you mount the chip in a PCB
(printed-circuit board), allowing compen-
sation for any stresses or changes during
manufacturing. Setting the rejustor takes
approximately a second. The MBT-303-A
requires no power source during opera-

tion, has no wiper resistance, and needs
no external temperature sensor because
it has its own temperature sensor and ad-
justment controller. It can handle as much
as 1 mW of power and frequencies into
the gigahertz range. Available in a 16-
lead QFN package or an eight-pin SOIC
package, the new MBT-303-A passive
rejustor is currently available for sampling
and costs $1.67 (1000).
—by Margery Conner
Microbridge Technologies, www.
mbridgetech.com.
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Apache announces product for
|C-to-package power and EMI analysis

[ xpanding on its Red-
== Hawk and Sidewinder
b | C-power-analysis tools
and its Sahara-PTE on-chip
thermal-analysis tools, Apache
Design now is entering the
system-analysis market with
Sentinel, a new product that
addresses system-level power
integrity, 1/0-SSO (input/out-
put-simultaneous-switching-
output), and EMI (electromag-
netic-interference) challeng-
es across |ICs, packages, and,
eventually, PCBs (printed-cir-
cuit boards). In May, the com-
pany announced the Sentinel-
CPM (chip-power model) for
chip-to-package power integ-
rity and LC (inductance-capac-
itance)-resonance modeling;
the Sentinel-SSO high-capac-
ity 1/0-subsystem-simulation
tool for pad and package se-
lection; and the Sentinel-EMI
tool for simultaneously mod-
eling EMI in IC cores and 1/0.
“Power- and signal-integrity
challenges do not stop just at
the boundary of SOC [system
on chip]; says Apache’s chief
executive officer, Andrew Yang.
“[The challenges] go through
[/0 and off-chip through the
PCB, and they determine what
package designers should use
and what power pads they
should allocate!

Traditionally, separate groups
design ICs, packages, and

DILBERT By Scoft Adams

PCBs; as a result, each group
tends to overdesign, which de-
lays projects from reaching the
market and adds cost. Over
the last few years, EDA ven-
dors, such as Cadence (www.
cadence.com), Sigrity (www.
sigrity.com), and Rio Design
Automation (www.rio-da.com),
have been offering IC-pack-
age and PCB co-design tools.
Apache is one of the first com-
panies to take on power issues
in this domain.

Various cores in an IC gener-
ate noise that propagates to the
170 through the power-ground
network in the form of voltage
drop and ground bounce. This
noise couples into the 170 and
affects its performance and
the quality of the signal. This
coupling noise can also propa-
gate to the package and PCB
through power pads. “In 1/0-
interface design, you cannot
simply ignore core noise cou-
pling into the 170, says Yang.
“But, because of the size and
complexity of today's ICs, you
cannot provide the switching
activity of every gate and tran-
sistor in every core to the /0"
To avoid this problem, 1/0 de-
signers typically run a SPICE
simulation of 16 1/0s and then
multiply the result by 10 to de-
rive the behavior of a full bank
of 170.

According to Yang, howev-

 Designers

feed the
results of
RedHawk
sign-off power-
analysis tool
info Sentinel-
CPM, partition
the design intfo
plocks, and
then use the
tool to gener-
ate CPMs.

er, Apache has come up with
a better way to accurately and
simultaneously model the be-
havior of 2566 or 512 1/0s
and create a model that popu-
lar broadband-model genera-
tors—from vendors such as
Ansoft (www.ansoft.com), Sig-
rity, Optimal (www.optimalcorp.
com), and Fluent (www.fluent.
com)—can read.

To achieve this performance,
Apache created the Sentinel-
CPM generator. Designers
feed the results of Apache'’s
RedHawk sign-off power-anal-
ysis tool into Sentinel-CPM,
partition the design into blocks,
and then use the tool to gener-
ate CPMs based on partitions
in the chip design. A CPM is
somewhat similar to an IBIS

IDBETTER PUT
SOME LIPSTICK
ON THIS PIC.
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(170 Buffer Information Speci-
fication) modelin that it is pack-
age-independent and compact.
However, IBIS models typically
find use in performance mod-
eling of a chip, whereas CPMs
also provide power and ground
information. “A CPM has com-
plete information of the on-die
parasitic elements, such as
power-ground resistance, and
all the capacitance associated
with the chip, including capaci-
tance from transistors and de-
coupling capacitors from pow-
er and ground,’ says Yang.
Apache employed a parti-
tioning approach to help us-
ers choose the granularity
at which they want to model
their designs. He advises us-
ers of the Sentinel-CPM tool
not to use the tool to create
a single port model. "In real-
ity, chips have different switch-
ing in different locations, and,
to truly model the behavior of
the chip, you have to account
for these spatial effects,’ says
Yang. The tool's default is to
create a model based on 64
ports, or partitions. Users can
create 32-, 128-, or 256-port
models. The higher granular-
ity models are more complex
and take longer to generate.
In addition to RC (resistance-
capacitance) information, each
partition includes coupling or
control sources that couple to
every other partitioned block.
Yang says that Sentinel-EMI
accurately models all EMI
sources, and the company is
working with several commer-
cial EMI-tool vendors to en-
sure that their tools can read
the models. The price for the
Sentinel product line starts at
$100,000 for either Sentinel-
CPM or Sentinel-SSO. Senti-
nel-EMI sells for $50,000 and
requires Sentinel-CPM.
—by Michael Santarini
Apache Design Auto-
mation, www.apache-da.com.



Industrial SBC
Supports Wired
and Wireless
Communications

WinSystems” LBC-GX500 is a highly
integrated, single board computer (SBC)
designed for machine-to-machine
connectivity with a wide variety of wired
and wireless options. It provides an open
and powerful platform for management of
geographically distributed machinery.

* AMD GX500@1W processor

¢ PC-compatible: supports Linux
and Windows® XP embedded and
other popular RTOS

* Operates from -40° to +85°C with no fan

* 10/100 Mbps Intel Ethernet controller

* 10 COM ports and 6 USB ports

¢ Socket support for 56kbps POTS modem,
GPRS/CDMA cellular modem, ZigBee
and 802.11a/b/g wireless modules

* 48 bi-directional TTL digital I/O lines

¢ Flat panel and CRT supported

* Onboard AT keyboard, PS/2 mouse, LPT,

FDC, and UDMA disk controllers Call 817-274-7553 or Visit

¢ Type I and II CompactFlash cards supported www.winsystems.com/LBC-GX500
* PC/104 and PC/104 Plus expansion Ask about our 30-day

¢ Optional 12-bit A/D converter, 8 SE/4 DI roduct evaluation!
* Optional Trimble GPS receiver p '
* EBX-size: 5.75” x 8.00” (146mm x 203mm) x* L

* Long-term product availability * 2 WinSystems®
* Quick Start kits for software development
715 Stadium Drive e Arlington, Texas 76011

Off-the-shelf delivery, knowledgeable technical Phone 817-274-7553 * FAX 817-548-1358

7] TGS ] E-mail: info@winsystems.com
support, long-term availability and the right
price makes WinSystems’ LBC-GX500 the SBC
of choice for your application.
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45-nm, multicore microarchitecture
targets communications platforms

reescale structured its
Fnext-generation multi-
core platform on a scal-
able on-chip fabric that sup-
ports concurrent, nonblocking

connectivity for as many as

32 heterogeneous processor
cores. The platform features
application accelerators and
a trilevel-cache hierarchy that
supports  100%-hardware-
based cache coherency. It will

initially center on an enhanced
1.5-GHz Power Architecture
eb00-mc core, based on the
eb00 core, with backside L2
caches for each core, multiple
L3 shared caches, and multiple

memory controllers. The on-
demand application accelera-
tors include pattern matching,
decompression, cryptographic
security, table look-ups, and
datapath-resource manage-
ment to handle intrachip mes-
sage passing and memory-
buffer reservation.

The multicore platform will

use a “hypervisor” environment

L2 CACHE L2 CACHE L2 CACHE L2 CACHE to support multiple individual
E500-MC E500-MC E500-MC E500-MC operating systems that can
CORE CORE CORE CORE EEE safely share system resourc-
CORENET FABRIC es, including processor cores,

ON-DEMAND ACCELERATION ;
SYSTEM FUNCTIONS memory, and other on-chip
PATTERN functions. Freescale plans to
MATCHING offer the first product it based
COMPRESSION/ MEMORY CONTROL on this platform for sampling
DECOMPRESSION in late 2008; however, a Vir-
CRYPTOGRAPHIC L3 CACHE tu’Fech simulation environment
SECURITY using Freescale’s current-gen-
CONNECTIVITY eration multicore MPC8572E
TABLE LOOK-UPS QUAD INTEGRATED PCI and MPC8641D processors is
COMMUNICATIONS- ETHERNET EXPRESS available now. The simulation

DATAPATH-RESOURCE CONTROLLER ETSEC . )
A ST RAPIDIO enwronmlent for Freescgles
new multicore platform will be

available in the fourth quarter
of 2007—by Robert Cravotta
~Freescale, www.freescale.
com.

The scalable microarchitecture can support as many as 32 €500 cores. These cores can interact
with the on-demand application accelerators that include pattern matching, decompression, crypto-
graphic security, table look-ups, and datapath-resource management to handle intrachip message
passing and memory-buffer reservation.

PLUG-IN HYBRID VEHICLES CAN GREATLY IMPACT
EMISSIONS AND PETROLEUM DEPENDENCY

Gasoline prices have soared, greenhouse-gas emissions tion of PHEVs reducing US dependence on petroleum by

16 EDN

are environmental concerns, and particulate emissions
continue to have a health impact. It’s clear that, even

five years from now, the profile of our almost-exclusively
gas-powered-automobile-based transportation system
must change. Government regulations and public con-
cern about foreign-oil dependency will demand it. One
possible scenario has the US public switching to PHEVs
(plug-in hybrid electric vehicles)-cars that rely on a bat-
tery with a range of 40 to 70 miles for their usual daily
commute, with a small engine that can power the battery
for an extended range. But do PHEVs just shift the pollu-
tion and fuel used to the nation’s electrical grid?

To answer that question, the EPRI (Electric Power
Research Institute) and the NRDC (Natural Resources
Defense Council) last month released a study,
“Environmental Assessment of Plug-In Hybrid Electric
Vehicles” (www.epri-reports.org). The study concludes
that PHEVs and the grid-both as it exists now and as it
evolves by 2050-will work well together, with the adop-

| AUGUST 16, 2007

90% and reducing greenhouse emissions by 80%.

In the question-and-answer session that followed the
organizations’ introduction of the study, an audience
member raised a question about the viability of PHEVs
themselves; many question whether any battery today
can meet the safety and durability requirements of com-
bined deep cycling of the battery over lifetime distances
of 100,000 miles. Representatives from General Motors
(www.gm.com) and Edison International (www.edison.
com) in attendance said that the history of battery devel-
opment shows that new battery technologies consistently
exceed the industry’s initial expectations. For example, a
partnership of Saft (www.saftbatteries.com) and Johnson
Controls (www.johnsoncontrols.com) has demonstrated
a battery that withstands the equivalent of seven years of
deep cycling with a capacity loss of only 6 to 7%.

—by Margery Conner

Electric Power Research Institute, www.epri.com.

Natural Resources Defense Council, www.nrdc.org.




The FPGA Eye Opener!

Transmit eye diagram at 6.375 Gbps. For characterization details, see www.altera.com/stratix2gx/characterization.

The complete transceiver solution with best-in-class signal integrity.

Stratix” II GX FPGAs offer the industry’s most comprehensive
solution for high-speed serial applications. With significantly
lower power consumption than competing devices, Stratix Il GX
FPGAs have up to 20 transceivers performing with exceptional
noise immunity from 622 Mbps to 6.375 Gbps. Designers
have immediate access to Quartus® II software support and
an array of intellectual property (IP) cores, system models,
development boards, and collateral—everything needed to
complete a design in the shortest amount of time.

Discover Stratix II GX FPGAs today at www.altera.com.

e Up to 20 transceivers with dynamic pre-emphasis,
equalization, and output voltage control

¢ Best-in-class signal integrity from 622 Mbps to 6.375
Gbps with exceptional channel-to-channel noise immunity

¢ Low power consumption (140 mW/channel at 3.125 Gbps
and 240 mW/channel at 6.375 Gbps) while retaining best-
in-class jitter performance

¢ Dedicated circuitry supporting wide range of protocol
standards across multiple data rates

AITERAW

The Programmable Solutions Company ®

www.altera.com

Copyright © 2006 Altera Corporation. All rights reserved. Altera, The Programmable Solutions Company, the stylized Altera logo, specific device designations, and all other words and logos that are
identified as trademarks and/or service marks are, unless noted otherwise, the trademarks and service marks of Altera Corporation in the U.S. and other countries. All other product or service names
are the property of their respective holders. Altera products are protected under numerous U.S. and foreign patents and pending applications, mask work rights, and copyrights.
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Ultrawideband sampling scope lets you see |

waveforms at points you can't probe

ompared with oth-
er scopes, LeCroy's
WaveExpert 100H

100-GHz-maximum-band-
width near-real-time-sampling
oscilloscope provides signifi-
cantly greater de-embedding
power, which it demonstrates
through an ability to perform
previously impossible feats.
‘De-embedding” refers to an
instrument's ability to make its
effect on a measurement dis-
appear by using digital-signal
processing to show you what
you wanted to measure but
couldn't because connecting
the instrument to the UUT (unit
under test) changes what you
are trying to observe.

Traditional de-embed-
ding corrects for unavoidable
changes that destroy a mea-
surement’s validity when you
probe a point where a quan-
tity of interest exists. With an
SDA (serial-data-analysis) op-
tion, however, the new LeCroy
scope’s virtual-probing feature
enables the display of wave-
forms that exist within the UUT
but only at points you can't
probe at all—for example, at cir-
cuit nodes buried within ICs.

The capability depends on
the use of mathematical mod-
els to describe how the UUT af-
fects signals you'd like to—but
can't—observe and the scopes’
ability to convolve the response
of these models with signals
you can probe. The scope can
thus derive and display—al-
most in real time—waveforms
that exist only at the inacces-
sible points.

The SDA option also in-
cludes the Eye Doctor analy-
sis tool for line-receiver ICs
in such ultrahigh-speed serial
protocols as second-genera-
tion PCI Express, Serial ATA

(Advanced Technology Attach-
ment), XAUI (10-Gbps attach-
ment-unit interface), and 10
GbE (gigabit Ethernet). These
protocols operate at speeds of
5 Gbps and more. Eye Doctor
merges the signal and channel

With its SDA option,
the WaveExpert 100H
100-GHz-maximum-
bandwidth near-real-
time-sampling oscil-
loscope calculates and
displays waveforms
you cannot otherwise
access, such as these
from within ultrahigh-
speed serial-line
receivers.

times as great as those of oth-
er sampling scopes. Moreover,
by enabling frequency-domain
techniques to use long data
sets for estimating jitter, the
new scope avoids the over-
estimation that plagues esti-

mates from scopes that have
limited memory.

The WE-100H mainframe,
which includes TDR (time-do-
main-reflectometer) and S-
parameter software, costs
$22,150 and accommodates
four sampling heads. The co-
herent-interleaved-sampling
timebase adds $16,950. Wave-
form memory of 510 Mbytes
adds $6985. The SDA/Eye
Doctor option adds $11,987.
The list of eight sampling
heads, whose prices top out at
$52,500, includes five electrical
and three optical units. Among
the electrical units, a 20-GHz
unit with TDR capabilities costs
$7000, and a 100-GHz unit
costs $32,000.

—by Dan Strassberg
~LeCroy Corp, www.lecroy.
com.

responses to accurately mea-
sure receiver tolerance and
display signals that would oth-
erwise be inaccessible with-
in the receiver. The combina-
tion of Eye Doctor and virtual
probing also enables accurate
measurement of stressed-eye
patterns at the normally inac-
cessible receiver input, and
equalized-receiver emulation
provides a receiver's-eye view
of equalized signals.

Another characteristic of
the ultrahigh-speed serial
protocols is their use of very
long data patterns. With one
channel active, the scope can
handle repetitive patterns as
deep as 60 Mbits, represent-
ed by 510M samples—that is,
an average of 8.5 8-bit sam-
ples per unit interval—accord-
ing to LeCroy, the deepest
memory of any sampling oscil-
loscope. Coupled with a new
optional coherent-interleaved-
sampling timebase, the deep
memory yields a jitter noise
floor of 230 fsec—that is, 0.23
psec—while it acquires long
patterns at rates hundreds of
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BRION'S TACHYON BOX OFFERS
VIRTUAL TAPEOUT

Fresh from its acquisition by ASML, Brion Technologies
is putting the D in DFM (design for manufacturing) with
its new offering, Tachyon LAD (lithography-aware de-
sign). Until now, Brion offered only hardware-assisted
systems for speeding OPC (optical-proximity correction)
with the Tachyon OPC1 and LMC (lithography-model
checking) with the Tachyon LMC products. Brion aims
those tools at lithography/mask-data-preparation and
manufacturing engineers. Now, the company is offering a
version of its products for IC-design engineers to ensure
that their IC layouts are lithographically correct.

The company’s vice president of design businesses,
Mike Gianfagna, former chief executive officer of Aprio
Technologies (now part of Blaze DFM, www.blaze-
dfm.com), says that Brion has a strong user base in
the mask-making and manufacturing sectors with its
Tachyon LMC and OPC1 offerings. Semiconductor
manufacturers are using the tools not only to verify that
masks are OPC-compliant, but also to create OPC rules
and lithography models. “There is great validation and
trust in the Brion engine for both modeling and OPC)’
says Gianfagna. “So, with Tachyon, Brion takes all the
modeling validation and packages it to bring all the ac-
curacy that happens during tapeout into the design flow
itself. It is, essentially, a virtual tapeout”

—by Michael Santarini

Brion Technologies, www.brion.com.
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Broadband 1/Q Modulator Eases Radio Design

ENBL
O

Modern digital radio transmitter design
poses increasing challenges for equip- —
ment designers. The trend towards

BIAS

TEMPERATURE
SENSOR TEMP

desired RF output. LO symmetry is also
extremely important as it directly con-
tributes to the sideband suppression.

greater throughput of data is increasing
the modulation density and carrier
bandwidths of transmitted signals. To

In single-channel modulation systems,
data capacity can be increased by
using higher order modulation tech-

maintain good adjacent channel power
ratio (ACPR) while transmitting the same

DIVIDE-BY-2
QUADRATURE

LoIP (}
. SPLITTER
rms power level, components with lower LOIN

niques or by using more bandwidth. The
challenge is to maintain flat gain across

j—( vout

intermodulation distortion and lower
noise must be used. B8P (

the bandwidth of the carrier to ensure
that gain ripple is kept to a minimum,
eliminating the need for precompensa-

Baseband, IF, and RF bandwidth must be
flat across the channel to maintain the BBN

tion. The ADL5385 0.1 dB baseband gain
flatness extends out to 85 MHz, preclud-

spectral shape of the modulated carrier.
When a radio transmitter design calls for

ADL5385 I/Q Modulator Block Diagram

ing the need for any precompensation for
most applications.

operation over a very wide range of RF
frequencies, the RF gain flatness of the overall signal chain
becomes critical. Minimizing gain variations in the signal chain over
frequency eases the burden of signal chain planning and budgeting.

The I/Q modulator is a critical component in the signal chain for
modern digital transmitters. I/Q modulators perform the frequency
translation that mixes the baseband signal to the desired location in
the RF spectrum. An I/Q modulator consists of a local oscillator (LO)
input that is split into in-phase (l) and quadrature (Q) components
that are separated by 90° These two signals drive separate mixers
that are also driven by I and Q baseband signals. The outputs from
both mixers are then summed to provide a modulated
carrier either at RF or IF. The Analog Devices ADL5385 1/Q modula-
tor contains these basic blocks (see illustration) and eases the
designer’s burden by providing broadband operation, high data
rates, and excellent signal quality.

Many applications use a two-stage upconversion that requires more
components, added cost, and complexity. The ADL5385 overcomes
traditional polyphase limitations by utilizing an active divide-by-two
LO splitter. The active splitter enables a wide tuning
range that spans five octaves (50 MHz to 2.2 GHz). The LO and
its complement are fed into two D flip flops. The output of the flip
flops drives the mixer core. Because of the divide-by-two action of
the LO signal, the LO must be twice the frequency of the

Error vector magnitude (EVM) is a com-
mon measure of the quality of modulation of a signal, and it is
directly affected by the quadrature and amplitude errors within the
modulator. The amount of quadrature and amplitude errors can be
gauged by observing the level of sideband suppression in a single-
sideband spectrum. The native uncompensated sideband
suppression of the ADL5385 is better than —38 dBc up to 900 MHz.
Even higher performance can be achieved by adjusting the relative
gain and phase of the baseband signals.

The low distortion of the ADL5385 enables it to achieve high output
power levels with minimal adjacent channel leakage while allowing
for less gain in the subsequent stages of the radio. This situation,
along with the wide tuning range, permits the modulator to be used
without factory calibration, significantly reducing the time and effort
required for design and manufacturing.

To learn more about the ADL5385 and Analog Devices’
extensive portfolio of RF and wireless components, visit
www.analog.com/LI-IQmod or call 1-800-AnalogD. We offer data
sheets, free samples, and additional information to help you with
your radio design. @

Author profile: Yuping Toh is an applications engineer in the RFW
Products Group at Analog Devices.



poulse

m RESEARCH UPDATE

BY MATTHEW MILLER

The laser-induced energy emissions of semiconductor materials
appear under existing theory (left) and in new experimental data
(right). The large matching peaks in the right-hand image show
pairs of particles called excitons oscillating in concert—a poten-
tially useful effect for optoelectronic devices (courtesy JILA).

Researchers observe “crowd
behavior” in semiconductors

sing atomic-scale mea-
surements, scientists at
JILA (which original-

ly stood for the Joint Institute
for Laboratory Astrophysics
but now encompasses a wid-
er breadth of science)—a joint
venture of NIST (National In-
stitute of Standards and Tech-
nology, www.nistgov) and the
University of Colorado at Boul-
der—have revealed a previously
unknown type of collective be-
havior among semiconductor
particles. The effect could prove
helpful in the development of
optoelectronic devices.

The researchers shot a sam-
ple of GaAs (gallium arsenide)
with 100-fsec pulses of near-
infrared laser light. Analyzing
how the semiconductor altered
the intensity and phase of the
light, the researchers teased
out a subtle coupling between
pairs of particles called “exci-
tons!” By proving that excited
particles oscillate in concert,
the work supports advanced
theoretical calculations about
the electronic properties of
semiconductors, thus refining
scientists’ ability to predict the
magnitude and phase of emis-
sion signals.

Meanwhile, in another re-
search project spying on group
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activity among electrons, re-
searchers at the Massachu-
setts Institute of Technology
have developed a novel spec-
troscopy technique that mea-
sures energy levels with reso-
lution 1000 times greater than
other methods.

The work applies to electrons
confined within 2-D planes—an
arrangement that finds use in
laboratory work and in high-
frequency amplifiers, such as
those in cell phones. The tech-
nique relies on quantum tun-
neling. By using short electri-
cal pulses to induce electrons
to tunnel from a 2-D system
to a 3-D system and measur-
ing the resulting voltage differ-
ence, the scientists deduced
the energy state of the elec-
trons in the 2-D system, ac-
cording to MIT.

The experiments, which
took place within a semicon-
ducting crystal cooled to 0.1°
above absolute zero, have re-
vealed some surprising behav-
ior, according to the research-
ers, who expect the technique
to yield additional insights into
physical phenomena involving
electrons.
=LA, jilawww.colorado.edu.
-Massachusetts Institute
of Technology, www.mit.edu.

tiny zoom lenses

Holochip has signed an agree-
ment to license patented adap-
tive-lens technologies from the
University of Central Florida
(www.ucf.edu) for development
in products for camera phones,
digital cameras, and medical
and military equipment. Shin-
Tson Wu, a professor in the uni-
versity's College of Optics and

‘ TUNABLE FOCUS

Y DRIVEN LIQUID LENS

A demonstration illustrates
the ability of lenses based on
liquid-crystal technology to
alter their optical properties in
response to applied voltages.

Licensing agreement advances

Photonics, earned the patents,
which involve two approaches
to adaptive lenses: liquid-crys-
tal lenses, in which an exter-
nal electric field induces liquid
crystals to change their refrac-
tive index, and fluidic lenses, in
which a flexible capsule con-
taining a transparent optical
fluid changes shape to adjust
focal length.

The fluidic approach suits
space-constrained applica-
tions, and the liquid-crystal
technology affords control over
high-order aberrations that
can lead to blurriness, making
it suitable for applications in
free-space optical communica-
tions and corrective eye wear,
according to the university.
>Holochip, www.holochip.
com.

HIGH-RELIABILITY HEMTs GOOD
FOR 100 YEARS AT 200°C

Fujitsu Laboratories reports that it has developed a
technology to create high-power GaN (gallium-nitride)
HEMTs (high-electron-mobility transistors) that can
operate for more than 1 million hours at 200°C under
a pinch-off condition with a drain voltage of 50V. A
proprietary N-type GaN surface layer enables the high
level of reliability by improving crystal quality and
minimizing surface traps, according to the company.
Devices based on the technology should find use in
wireless-communication-infrastructure products, such
as cellular and WiMax base stations.

Fujitsu, jp.fujitsu.com/labs/en.

ILICON NITRIDE . A
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SO0 0 60 © 6\6696

GALLIUM NITRIDE

SILICON-CARBIDE
SUBSTRATE

CHANNEL

Fujitsu claims this GaN HEMT structure delivers exceptional

reliability.




We measure portable performance in A and MHz.
In handheld designs, analog is everywhere.
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ADI Products Optimized for Handheld Designs

Application-engineered ICs simplify
and accelerate your design
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Reading skills for IC design

here has been great progress in the worldwide education
system to increase both the number of people who can read

and their level of reading comprehension. Technology and

semiconductors make possible a large part of this rise in read-
ing education. This increased awareness of words and read-
ing has changed the IC-tapeout flow. Current EDA tools
allow long alphanumeric-string names, which, in turn, proivde a great

deal of flexibility in the area of self-
documentation to the design engineer.
Most designs today have devices and
nets with descriptive names. Instead
of traditional labels, such as U10 or
net162, companies label parts input-
buffer8, and signals have labels such as
cache2address6.

This increasing number of descrip-
tive terms greatly enhances an engi-
neer’s ability to keep track of compo-
nents and connections at the device,
gate, and runtime level. Using such
terms simplifies the design-setup time
for simulation, eases the interpreta-
tion of the output, and allows for au-
tomation of verification and regres-
sion testing.

A few guidelines exist for using
these terms. In most reading books,
lower-, mixed-, and upper-case text all
mean the same thing: These cases just
have different emphasis. Most EDA-
design tools are based on parsing a text
string as a variable, so specific alpha-
numeric sequences must match exact-
ly to be the same. For a flow consisting
of multiple EDA tools, the best prac-
tice requires designers to use only two
options. First, differentiate items that
should be different as separate signals
with distinctly different name strings.
For example, don’t use “clock, Clock,

| AUGUST 16, 2007

and CLOCK”; instead, use “clock,
Clockl, CLOCK2?” in all instances.
Second, all items with similiar labels
become the same object—uncondi-
tionally and globally—at some point
in the flow, such as clock, Clock, and
CLOCK all becoming “clock.”

With this text-parsing requirement,
combining different forms of netlists
to describe a complete circuit is a
challenge unless uniformity exists in
the naming conventions. To achieve
this uniformity, a number of compa-
nies have instituted company-specif-
ic but tool-independent naming con-
ventions. These naming conventions
include such characters as *, _, [, and
I; they also include library names and
paths in calls to nonlocal modules, in-
ternal-versus-pin object-net names,
and power-supply names.

With regard to naming conven-
tions, how design engineers elect
global signals and global supplies is
the most controversial issue. Regular
signals appearing in a netlist general-
ly connect either by position in a list
or by name at the module or subcir-
cuit where they reside. For example,
the netlist for a NAND gate has pins
A, B, and OUT. The signal name A is
local to just that subcircuit, and a de-
sign engineer may reuse the net name

/

TAPEOUT

BY PALLAB CHATTERJEE, CONTRIBUTING TECHNICAL EDITOR

A on the description of another block
without conflict.

A global signal, however, does not
appear in a pin list where it would get
connected and possibly renamed at
the next level of the assembly hier-
archy. A global signal is a description
of a wire connecting to all levels of a
design, as the text string that names
it determines. An example is GLO-
BAL=VDD. In this case, every de-
vice, module, or block that has a con-
nection to a VDD net connects to the
exact same VDD net. This scenario
means only one VDD net exists in the
design.

A lot of designers freely use the
global declaration at the Verilog gate
level, without realizing the implica-
tions on the device level and for phys-
ical-verification analysis. One of my
customers had a design with 450 de-
fined global names and only 26 pins.
The LVS (layout-versus-schematic)
check’s interpretation of this situa-
tion was that the devices and ports
with global names did not have to at-
tach with wires to pass LVS. Most LVS
run sets, unfortunately, use the com-
mand “connect by text.” As a result,
if a global signal exists in a netlist that
resides in multiple modules or subcir-
cuits, with the same labeling as that in
the layout, then the LVS program will
think that all of the text labels con-
nect without actual wires to connect
them.

As far as the LVS program knows, no
errors exist. But electrons can’t read,
and you can’t teach them how. Thus,
they need real wires to go through to
get from Point A to Point B. Deciding
that it is OK to ignore an error mes-
sage—that is, deciding that a waiver
for an error is OK—is an instance of
failing to implement the solution.

Remember three rules: Name dif-
ferent items differently, give the same
name to items that are similiar, and
use hard wires if you want to connect
two things.EDN

Contact me at pallabc@siliconmap.net.



It helps BMW create
cars that automatically
adapt to the road.

How did one automaker enhance the driving experience? By working with Freescale to
implement the industry’s first use of FlexRay™ technology in the new BMW X5. Sensors
collect data such as road speed, steering angle and acceleration and pass it along the
in-vehicle network. The vehicle’s suspension and handling then automatically adjust based
on this information. Powerful Freescale microcontrollers are at the heart of this communications
system, helping to create a smooth ride no matter how the road changes. Just one of the
ways Freescale is making the world a smarter place—and putting automotive innovation
into high gear. freescale.com/smarter
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TALES FROM THE CUBE BY MARTIN DELATEUR » CONSULTANT

Solid-state physics
convinces customers

was working as a product engineer in the discrete division of
a major semiconductor company in the early 1980s when the
Big Three automotive companies—General Motors, Ford,
and Chrysler—started to add many electronic accessories
each model year. It was also when under-the-hood-tempera-
ture issues and reliability were major concerns, causing com-
panies to change many O to 25°C specs to —40 to +125°C. Our

customer rejected three shipments of
2N3906 transistors at incoming inspec-
tion, saying the parts had high leakage
currents. I received some samples of
the “defective” units but found nothing
wrong. The problem reached my desk
with only a week to resolve it before the
automaker would have to shut down the
production line. I flew out the next day
with the returned units as well as some
correlation units. Upon my arrival, the
component engineer advised me that all
the units were failing the 50-nA leakage
test at 30V when he heated the units to
125°C. T had to close my gaping mouth
when 1 realized he was applying the
room-temperature specification across
the full temperature range.

The engineer did not acknowl-
edge that semiconductor performance
should change with temperature. I
pulled out my 1967 copy of Physics and
Technology of Semiconductor Dewvices
by Intel founder Andy Grove to show
him how the leakage current increases
with temperature (Reference 1). You
can simplify the equations and graphs
to the basic rule that leakage doubles
for every 10°C increase in temperature.
This explanation was not enough to
release the product, so we went to the
incoming-inspection lab to test my cor-
relation units and production samples
using a Tektronix 576 Curve Tracer
and a TO-92 heating probe. All the

parts showed the same leakage char-

acteristics with temperature that you
would expect from silicon.

After another meeting, the com-
ponent engineer agreed to approve
the shipments only after the lots had
passed a large sampling plan. We ex-
panded the 2N3906 limit of 50 nA at
25°C to 50 pA at 125°C and began to
sample the lots.

During the final tests, the thermal
heat probe failed and could not be used
on the remaining lots. Once again, the
engineer refused to approve the units
based on a smaller sample and my
solid-state-physics lessons. Not want-
ing to be any part of a department that
caused a lines-down situation for one of
the Big Three, I had to come up with
a solution.

Again pulling out the textbook, I
demonstrated how base-emitter voltage
relates directly to the die temperature,
as well. Again, you can simplify the
equation when applying it to silicon,
which reduces the saturated base-emit-
ter voltage by 2 mV for every degree
Celsius and translates to a 200-mV re-
duction in voltage for the added 100°C
in temperature. Using the Tek 576
Curve Tracer, we could watch the volt-
age drop while heating the unit with my
lighter. Once the unit met or exceeded
temperature, we could change to leak-
age mode and confirm that the parts
were good. I completed the sampling
using this method, and the component
engineer approved the parts. The next
day, the production manager told me
that he had to send out five 2N3906s
per car to dealers, because that week’s
production of cars had been shipped
without them. Mechanics at the deal-
ership had to install the critical compo-
nents, which drive the LEDs that light

up when your door or trunk is ajar.Ebn

REFERENCE

@ Grove, Andrew S, Physics and
Technology of Semiconductor Devic-
es, John Wiley and Sons, 1967.
Martin DeLateur is a consultant who
spent 30 years as a product engineer
at Fairchild and National Semicon-
ductor. Contact him at delateurm@
all2ez.net.
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Color-Management LED Drivers Have
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Figure 1. Automatic Power-Save-Mode Operation in the LP5521 LED Driver

Introduction

Color LEDs are becoming more and more popular in portable consumer
devices such as mobile phones, portable media players, and gaming and
navigation devices. They are commonly used for indication lights, which
could be an RGB LED where the color changes according to the event such as
Short Message Service (SMS) or incoming calls. These types of LEDs can be
driven in various ways such as LED drivers, General Purpose Input/Output
(GPIO) pins on the Power Management Unit (PMU), or advanced Lighting
Management Unit (LMU).

One area that RGB LEDs have been used heavily is for personalizing handsets
with keypad lighting, fun lighting, and phone cosmetics. RGB LEDs also
can be used for display backlighting. Increases in the RGB-LED count on
mobile phones create challenges for the LED drivers as well. The most common
challenges in driving color LEDs in portable devices are power consumption,
control interface/programmability, EMI, overall solution size, and system
cost. Two key areas driving color LEDs in portable devices warrant detailed
discussion: indicator and cosmetic lighting, and display backlighting.

National
Semiconductor
The Sight & Sound of Information

Switching Regulators for
Space-Constrained Apps




RGB LED Driver Generates Highly Efficient

“True White” Backlighting

LP5520 Provides Innovative, Easy-to-Use, Instant Color Gamut Improvement for
Small Format Displays

Features
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Temperature compensated LED intensity and color
Individual calibration coefficients for each color

Color accuracy AX and AY < 0.003

100% NTSC color gamut, brighter color, better picture quality
User programmability for effects, aging, dimming

PWM control inputs for each color

Product | Description

Packaging

2P LP5520 RGB Backlighting LED driver with integrated white balance compensation

Y LP5521 Programmable, low power, 3-channel LED driver

) LP5522 Autonomous single LED controller with one wire interface

LP5526 Lighting Management Unit with high voltage boost converter with up to 150 mA serial flash LED driver

LP5527 LED driver for camera flash and 4 LEDs with I12C programmability, LED connectivity, test, and

audio synchronization

13 channel LED driver with audio sync, LED connectivity test and independent PIWMS/PWMS
blinking cycles

microSMD-25
microSMD-20, LLP-24
microSMD-6
microSMD-25

microSMD-30

microSMD-36

Ideal for navigation systems, mobile phones, medical devices, and other portable devices

For FREE samples, datasheets, and more information on these products, go to:

led.national.com
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Color-Management LED Drivers Have a Bright Future

Color Indicator LEDs and Cosmetics Lighting in
Portable Devices

New features in mobile phones and most other
consumer portable devices are power dependent.
Display backlighting and LEDs overall consume
considerable power in handheld devices; therefore,
power savings with LED driving is critical. Most of
today’s new LED drivers are focused particularly on
improving the overall power efficiency.

The conventional way of driving an indicator LED
is with simple current sinks, or with some GPIO
pins. These types of LED-driving methods require
application-processor control each time the LED is
activated. An example application is the indicator
LED blinks when an SMS message arrives. When
the application processor is required to wake up
each time the light effect occurs, the power con-
sumption due to this lighting effect adversely affects
battery life.

For a power-conscious, simple indicator-LED
driver, it is ideal to program the blinking sequence to
the driver and leave the sequence running without
application-processor control. This way the processor
can be in sleep mode when the device is not in use
while the LED driver handles the blinking sequences
itself. When a simple on/off control is required with
a single, low-forward-voltage color LED, a step-up
DC-DC converter is not necessary and the overall
power consumption is further reduced. This type
of LED driver can be made extremely small and
requires a minimal number of external components,
or perhaps none at all.

Programmable Lighting Sequences Provide
Further Power Savings

The ability to control lighting sequences can
improve the power-saving capability on mobile
devices. An example of a device with this capabil-
ity is the LP5522 LED driver from National
Semiconductor. Blinking sequences are trained
to the LP5522 driver with a single-wire interface.
After a training command, the driver can repeat the

sequence without external control. The LED current
can be adjusted with an external resistor while the
default current without the resistor is 5 mA. The size
of the LP5522 device is 1.2 mm x 0.8 mm x 0.6 mm
and the LED is the only external component, mak-
ing this small and reduced BOM solution ideal for
space-constrained and system-cost-sensitive portable
applications.

When LEDs with higher forward voltage are used,
the single-cell Li-Ion battery voltage is not always
sufficient to drive the LEDs. In this case, a step-up
DC-DC converter is required. A step-up converter
can be either capacitive (charge-pump or switched
capacitor) or inductive (magnetic boost). Today, a
charge-pump converter is used in driving low-voltage
parallel-LED drivers, and a magnetic-boost converter
is used in high-voltage serial-LED drivers.

For complex lighting sequences such as smooth
transitions between different colors, a sophisticated
control method is required besides a simple enable-
control pin. An I*C-control bus is widely used in
many portable devices as it provides greater flexibil-
ity for controlling an LED driver via only two wires.
Usually there are other components, for example
a camera module, using the same bus. Therefore,
LED driving should not use all of the I*C band-
width. Controlling the LED brightness in real time
creates considerable I’C traffic.

A new charge-pump-based color-LED driver, such
as National’s LP5521 device, allows minimum real-
time control by incorporating internal memory
for sequencing. Lighting sequences are written to
an internal memory after power-up, and an ex-
ternal trigger pin or I°C write is used to start the
sequences. When the sequence is running, proces-
sor control is not required. When the phone is in
standby mode, the application processor can be in
sleep mode while complex lighting sequences can
still be achieved. Sequences can include time de-
lays, ramps, blinking, loops, and sending/receiving
trigger signals.

power.national.com
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Industry’s First LED Driver Offering True Linear

Dimming for the Human Eye

LM3509 Dual-Output Constant-Current LED Driver Operates at 90% Efficiency
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Ideal for driving LEDs in mobile phones, digital cameras, and navigation system displays

For FREE samples, datasheets, and more information on the LM3509, go to:

led.national.com
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Color-Management LED Drivers Have a Bright Future

Reducing Power Consumption in LED Drivers

To further decrease power consumption, the LP5521
driver has an automatic power-save-mode operation.
The DC-DC converter in the LP5521 device starts
up only when the Li-Ion battery voltage is not suf-
ficient enough to supply the LEDs. The LP5521
driver also shuts down other unused blocks when
the LEDs are not active and while the sequence is
running internally. This significantly decreases the
average power consumption. Automatic power-save-
mode operation implemented in the LP5521 LED
driver can be seen in Figure 1.

A charge-pump-based RGB-LED driver such as
the LP5521 device requires only four small capaci-
tors. With a small footprint and minimum external
components, the total solution size can be as small as
7 mm?. The small solution height makes it suitable
for slim design applications. Also with such a small
solution size, it is possible to create a localized rather
than centralized solution, meaning that the LED
driver is located near the LEDs. This way the PCB
routing is much easier, and the EMI is reduced. The
LP5521 LED driver has external control pins which
are used for synchronizing several drivers, making it
possible to achieve very interesting lighting effects.

RGB LEDs as Small-Panel Display Backlighting
in Portable Devices

Typically, small-panel LCD-display backlighting
can be achieved with a couple of white LEDs. The
problem with white LEDs is that their spectrum
is not ideal for photographic reproduction. This is

caused by the fact that white LEDs are basically blue
LEDs with yellow phosphor on top. The spectrum
has two peaks: one at blue, and a second at yellow.

A typical white-LED versus RGB-LED spectrum
can be seen in Figure 2.

To filter the right color to each color cell (red, green,
blue), color filters are used. Color filters waste some
of the power and even after color filtering, the
color spectrum passing through the LCD is not
ideal. With white-LED backlighting, it is possible to
get up to 75% of the National Television Standards
Committee (NTSC) colors on an LCD display (the
red end of the conventional LCD display is especially
limited). When RGB LEDs are used for LCD-display
backlighting, the color reproduction can be adjusted
to cover over 100% of the NTSC color gamut which
results in brighter color and better picture quality.
With optimized color filters, less power is wasted
than in white-LED backlighting. The structure of an
LCD display can be seen in Figure 3.

Polarizer

Color Filter Substrate

Color Filter Cell

e (Red, Green or Blue)

Transparent
L Common Electrode
Liquid Crystal

Transparent

| Capaci Pixel El

Thin Film Transistor Array Substrate

Polarizer

— 1T

Polychromatic Backlight

Figure 3. Structure of an LCD Display
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Figure 2. Typical White-LED vs. RGB-LED Spectrum

Generating “True White” Backlighting Through
Open-Loop Compensation

With RGB backlighting, the LED driver must
correct the brightness balance between the pri-
mary colors (red, green, and blue) when the LED
temperature changes. The LED driver keeps the
white point of the RGB backlight adjusted correctly
at any operating temperature. Compensation can
be either closed loop or open loop. With closed-
loop compensation, an optical sensor is used for

power.national.com
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Industry’s Smallest, Fully Integrated Flash LED Driver

High-Power LED Driver Optimized for Driving Single- and Multiple-Die Flash
LED Technologies in Handheld Applications

' Typical Application Diagram
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LM2754 Features
* Total solution size without LED < 28 mm2 .

e Time-out circuit limit flash duration to 1s, protects
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* |nternal soft-start limits inrush current
* Available in LLP-24 (4 mm x 4 mm x 0.8 mm) packaging

Ideal for camera flashes for mobile phones and flashes for digital still cameras

For FREE samples, datasheets and more information on the LM2754, go to:

led.national.com
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measuring the white point. With open-loop
compensation, the temperature is measured and
predefined compensation curves are used to adjust
the white point.

For RGB backlighting, National offers the LP5520
RGB-LED driver, which is an open-loop-compen-
sated LED driver. The principle of the open-loop
color compensation can be seen in Figure 4. With
open-loop compensation, an accurate white point
is maintained through the operation temperature
range. The temperature compensation curves are
measured for the actual RGB-LED type used in
the application, and these curves are programmed
to the chip’s internal EEPROM memory. The chip
is integrated into the LCD display module, and
the module manufacturer programs compensation
curves in production. An RGB-LED backlight-
optimized color filter is used as well.

Brightness Control
(I12C/SPI or External PWM)

Temperature m ; PWM LED i
i Averagin =] LEDs
Sensor : Logic Drivers T

Compensation

EEPROM
i | pwm
curves are i
programmed th> ><

display module i
maker through PWM logic reads

serial interface | T ambient temperature
to the EEPROM and compensates R, G,
memory : and B LED intensity by

changing PWM duty
cycle (12-bit resolution)

Integrated to One Chip

Figure 4. Principle of Open-Loop Color Compensation in the
LP5520 LED Driver

Controlling display brightness with the LP5520
device is similar to that of white-LED backlight-
ing. The brightness level is controlled through a
SPI or I’C bus, and the LP5520 device calculates
the actual Pulse Width Modulation (PWM) values
according to the compensation curves to maintain
the white point. Automatic fade in and out can
be used to get a smooth transition. The brightness

can be controlled alternatively with an external
PWM, and the LP5520 device also has an interface

for an ambient-light sensor. Therefore, this color
compensation is invisible to the manufacturers,
and no special software is needed for control-
ling the RGB backlight. Fast implementation of
an RGB-backlit display to end devices is possible
because display vendors have ready-made solutions
available.

Additional LED Driver Features

Because the number of LEDs in handsets and other
portable consumer devices is continually increasing,
a fast and reliable way to test the connection to each
LED is needed. Testing LED connectivity in end-
device production usually requires test points on the
PCB for each LED, or optical testing must be used.
Incorporating test points to the application PCB
is not an easy task considering how tightly packed
PCBs in portable devices are today. Furthermore,
optical-testing methods are difficult and expensive to
implement.

With built-in  LED-connectivity tests in LED
drivers, it is possible to test the connection to each
LED through an I*C or SPI bus and get accurate
results in milliseconds. This makes the production
testing very easy to implement and it is also fast and
effective. For example, the LED-connectivity test
has been integrated into the LP55281, a quad RGB-
LED driver. The LED-connectivity test is just one
example of a built-in feature which provides extra
value to designers.

Conclusion

RGB LEDs create interesting possibilities to
personalize handsets and other portable consumer
devices. However, increasing and more versatile
use of RGB LEDs in handsets create challenges for
the LED drivers. The most significant challenge is
how to drive all of these LEDs efficiently in a cost-
effective manner and in the smallest solution size.
National’s new family of lighting-management
products provides solutions that meet the challenges
of these new lighting trends. For more information,
please refer to lighting.national.com. m

power.national.com
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— WITH NEW INK TECHNOLOGY IN HAND,

DESIGNERS ARE INVESTIGATING HIGH-
SPEED PRESSES TO PRINT MILLIONS OF

THROWAWAY ELECTRONIC COMPO-
NENTS AT A FRACTION OF THE COST
OF SILICON-BASED CIRCUITRY.

Bioident Technologies’ PhotonicLab Platform analyzes multiple samples in real time with a printed semiconductor photodetector

under each well.

rinted electronics may be the next big thing in

our technological future and promises extreme-
ly low-cost, flexible, and disposable circuitry that
you can manufacture with custom ink-jet print-
ers or high-speed presses. Leading-edge compa-
nies are using specialized ink technology to trans-
form basic circuit elements, such as thin-film
transistors, resistors, inductors, and capacitors in-
to printed batteries, displays, sensors, RFID tags,
interactive packaging, solar panels, and even speakers. Although
the printed-electronics concept has been around for years, recent
advances in conductive-ink chemistry and flexible substrates prom-
ise to deliver a flood of new markets and application areas.

Unlike traditional silicon-based cir-
cuitry, you manufacture printed elec-
tronics using an additive process that
deposits multiple layers of conductive,
semiconductive, and dielectric mate-
rials onto a flexible medium, such as
plastic film, foil, or paper. Most cur-
rent printing processes—such as ink jet,

roll-to-roll offset, flexography, rotogra-
vure, or screen printing—can place in-
dividual layers. With a relatively small
investment in capital equipment for
manufacturing and the ease of produc-
ing millions of copies on demand, print-
ed electronics will target high-volume,
simple-function consumer applications

previously impractical for silicon-based
circuitry. Research organizations pre-
dict huge growth in printed-electron-
ics products. For example, IDTechEx
(www.idtechex.com) forecasts that the
market for printed and thin-film elec-
tronics will exceed $1 billion in 2007
and grow to $5 billion by 2011 and $48
billion in 2017.

Disposable-battery testers integrated
into the product or packaging were one
of the first widely used printed-elec-
tronics applications. These low-cost,
interactive testers rely on conductive
inks to form a resistive-heating ele-
ment and temperature-responsive inks
to provide the display. In an example,
Duracell prints a wedge-shaped resis-
tor directly below the thermochromic-
display area (Figure 1). When the us-
er presses the conductive traces onto
the terminals, current flows through
the resistor and heats the display strip
depending on the current the battery
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AT A GLANCE

B Innovative designers are using
conductive-ink technology to create
low-density printed circuitry for user-
interface applications.

B With thin-film transistors, resis-
tors, capacitors, displays, batteries,
and speakers available, the number
of applications for printed electron-
ics is enormous.

You can simultaneously and
directly apply many printed electron-
ics applications with conventional
graphics onto product packaging.

Bl New ink technologies and high-
speed roll-to-roll presses enable
sophisticated printed circuitry at
much lower cost than silicon-based
components.

provides. A fully charged battery of-
fers enough current to heat the entire
wedge and provide the “good” indica-
tion. Duracell prints the tester elec-
tronics as part of the battery packaging
at little additional cost.

Although printed electronics will not
approach the sophistication or perform-
ance of silicon-based circuitry, plenty of
applications exist in which adding a few
electrical components to the manufac-
turing process can create new markets.
Many potential applications for printed
electronics are in intelligent and mass-
produced items at the human-interface
level. For example, flexible paper or
polymer substrates allow designers to
create interactive signage, clothing, la-
bels, wallpaper, books, newspapers, and

gic Series C reaches $24
million with investment by BASE I1°! |
" Morningside and Quest for 67

Figure 2 Electronic-paper displays employ
an active-matrix backplane of printed
transistors and conductors to produce
portable electronic-reader products.

Figure 1 Interactive battery testers use

conductive inks to form a resistive-heating
element and temperature-responsive inks
to indicate the charge (courtesy Duracell).

product packaging. You can directly
embed these applications into the en-
vironment, and they fit into the vision
of pervasive computing. In many cas-
es, printed electronics requires no ad-
ditional setup or assembly, unlike con-
ventional electronics—in which the in-
stallation costs may exceed the price of
the device.

PRINTED TOYS

With a portfolio of patented conduc-
tive-ink technology, T-Ink is a pioneer
in printed-electronics applications. The
company’s approach is to target consum-
er goods, packaging, and promotions ap-
plications that do not require extensive
design and testing cycles. T-Ink tech-
nology replaces switches, wires, but-
tons, speakers, lights, and batteries with
printed-ink, touch-activated applica-
tions. Successful products include an in-
teractive tablecloth for Hallmark (www.
hallmark.com), place mats for McDon-
ald’s (www.mcdonalds.com), pillow ra-
dios, and interactive games. The com-
pany also offers a series of educational
toys to teach children spelling and math
through the act of coloring onto printed
conductive inks that trigger an appro-
priate audio response.

Manufacturers also employ printed
electronics in the creation of OLED
(organic-light-emitting-diode) displays.
These displays rely on organic com-
pounds that a multilayer-printing pro-
cess deposits in rows and columns onto
a flat carrier. Unlike the traditional lig-
uid-crystal type, OLED displays require
no backlight, have a faster response,
and consume less power. You can print
organic materials onto many substrates,
including flexible or even fabric materi-
als, creating roll-up or wearable displays.
A possible drawback of OLED displays
is the reduced lifetime of certain colors
of organic materials. At this year’s Con-
sumer Electronics Show (www.cesweb.
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Figure 3 The Cypak intelligent-pharmaceutical-packaging system records medication
use and is programmable to deliver patient reminders.

org), Sony demonstrated a prototype
high-definition television with a 27-in.
OLED display and a contrast ratio of
greater than 1 million-to-one.

Electronic paper is another display
variation that benefits from printed
electronics. The migration of colored
microparticles, which an active-ma-
trix backplane of printed transistors
and conductors charges, forms images
on electronic paper. Also known as an
electrophoretic display, electronic pa-
per reflects light like ordinary paper
and is bistable, thus indefinitely stor-
ing text and images without power.
Plastic Logic recently opened a factory
in Dresden, Germany, to make flexible
displays based on the electrophoret-
ic films from E Ink Corp. The facility
will produce flexible active-matrix-dis-
play modules for “take-anywhere, read-
anywhere” electronic-reader products
(Figure 2).

It is not surprising that printed-elec-
tronics applications abound in the med-

ical market in which almost half of all
patients incorrectly take their medi-
cations. Manufacturers are producing
smart packaging with printed sensors
and, sometimes, printed batteries to
improve drug delivery. Cypak produces
a medical-delivery system for carded-
blister packs known as IPP (intelligent
pharmaceutical packaging). The system
records the number of pills removed
and each time you remove a pill from
the blister pack for later read-back by
placing the IPP on a Cypak reader (Fig-
ure 3). You can program the package
to remind the patient that it is time to
take more medication, and the applica-
tion can ask the patient to answer sim-
ple questions regarding his physical or
mental state by pressing an answer key
printed on the paperboard.

LAB ON A CHIP

Bioident Technologies, a leader in op-
toelectronic-test equipment for life sci-
ences, recently announced a multiwell
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Figure 4 Essential in printed-electronics-prototype
development, the Dimatix DMP-2800 printer deposits
layers of fluidic materials using a disposable piezo-

electric cartridge.

lab-on-a-chip prototype that it bases
on printed semiconductors. The Pho-
tonicLab Platform prototype includes a
1X3-in. nanotiter plate—a type of lab-
on-chip device with multiple wells that
can hold testing agents to perform lab-
oratory functions. The nanotiter plate
includes a photodetector array that Bi-
oident bases on printed-semiconduc-
tor technology, with one pixel under
each well. This array converts light in-
to electrical signals, enabling simulta-
neous, real-time analysis on multiple
agents. The system eliminates the need
for high-precision translational stages,
which are common among microplate
and biochip readers. Placing the detec-
tor directly beneath the sample makes
precision motion of the sample and
detector unnecessary. Bioident’s Pho-
tonicLab Platform uses technology the
company bases on organic semiconduc-
tors to print light-emitting and -detect-
ing capabilities directly onto any sur-
face, including glass, enabling on-chip
analysis and diagnostics.

Audio speakers are one of the more
unlikely applications for printed elec-
tronics, because they require mechanical
movement. Yet, researchers involved in

AT EDN.COM >

For related articles, check out

(=] “Displays invade embedded-
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Figure 5 With layers of zinc
and manganese dioxide

to create the anode and
cathode, Power Paper cre-
ates flexible and disposable
printed batteries.

Mid Sweden University’s (Sundsvall,
Sweden, www.miun.se) Paper Four proj-
ect have created an interactive paper
billboard that emits recorded sound in
response to a user’s touch. They make
printed speakers by printing electromag-
nets from conductive ink and stretch-
ing the paper over cavities in the post-
er board. Recent progress in rare-earth,
metal-based magnetic materials allows
the high-speed printing of low-cost per-
manent magnets. The printed electro-
magnets vibrate with induced current to
create sound. When you produce the in-
teractive billboards in sufficient quanti-
ties, they can be inexpensive and dispos-
able. The researchers have produced a
video showing the features of the printed
paper billboard (Reference 1).

You can produce, or at least proto-
type, many printed-electronics products
on relatively inexpensive desktop print-
ers using specialized ink cartridges. The
Dimatix DMP-2800 series printer from
Fujifilm deposits layers of fluidic mate-
rials on any 8 X 11-in. substrate, using a
disposable piezoelectric cartridge (Fig-
ure 4). The machine has a printing ar-
ea of approximately 200X300 mm with
an adjustable height and can print with
resolutions as high as 5080 dpi. Un-
like thermal ink jets, piezoelectric print
heads are compatible with a variety of
materials, including solvents, aqueous
solutions, and ultraviolet curing fluids.
Additionally, a system waveform editor
allows the user to manipulate the elec-
tronic pulses to the print head to opti-
mize the shape of the fluid drops that
the nozzle ejects. The 16-nozzle drop-
on-demand ink-jet cartridge is adjust-
able for a 1- to 10-pL nominal drop
volume and is refillable. Prices for the
DMP-2800 series printers start at less
than $30,000. Each system includes the



Half the Size, Half the Loss

All the Power

32.5x22.0x6.6 mm
1.28x0.87x0.26 in

VicrHi~

FACTORIZED POWER

Direct 48 V to load conversion

High efficiency for energy savings
upstream

Small size, less parts

_ Fast transient response
N\\CROPROcEsSO
Fast time to market

sttt The new PRM+VTM system provides
G & . . .

the smallest, highest efficiency, highest

density complete DC-DC conversion for

PRM Model i Output Efficiency high performance 48 V power applications
Number Power @Full Load =

) (%) such as servers, telecom and ATE.

PO48F048T24AL 2. | s
POASFOASTI2AL - APRM regulator +VTM current multiplier

chipset delivers up to 100 A or 300 W for

VTM Model lout Efficiency 48 V direct-to-load density of >500 W/in3.
Number i Range @50% Load
(\) (A) (%) .
VO4BFOTSTIO0 | 15 | 081-172 | 100 Call for design support.
V048F020T080 20 | 108-229 | 8 | 800-735-6200
V048F040T050 Order evaluation boards

now at: vicorpower.com/vichip.

For full range of products, visit vicorpower.com/vichip

Products in mass production and available from stock.

800-735-6200 vicorpower.com/fpaedn ZW'P VICOR




iniature
Ug(‘axlf/l5“x-5“

* Now, 2Vdc to 5,000 Vdc
Outputs
e Surface Mount and
Plug-In Models
e New Dual Output Models
e 6 Standard Input Voltages
e |solated Outputs
e Qutput Power to 1.25 Watts
e Standard Operating
Temperature -25°C + 70°C
e Military Upgrades Available
e Ultra Miniature Size
0.5"x0.5"x0.5"

PICO offers over 600 Standard
High Voltage Models

to 10,000 VDC Out.
Programmable, Regulated Models,
Dual Outputs Units, Hi Power to 100
Watts, Surface Mount Units, Military
Upgrades Available.

Call Today For ALL Your High
Voltage Requirements.

oe\ectronics.com

send direct

for FREE PICO Catalog
Call toll free 800-431-1064
in NY call 914-738-1400
Fax 914-738-8225

P I C o Electronics,Inc.

143 Sparks Ave. Pelham, N.Y. 10803-18889

42 EDN | AUGUST 16, 2007

printer, a supply of print cartridges, and
driver and application software.

PRINTING WIRES

Although all printed-electronics appli-
cations use a variety of conductive liquid
to create component-to-component wir-
ing, most inks have relatively high resis-
tivity. These circuit paths work for many
applications, but some designs call for
extremely low resistance. In the past, de-
signers have used liquids with suspended
silver-metallic flakes to increase conduc-
tivity. But this approach requires pressure
or heat to fuse the particles. To overcome
this problem, NovaCentrix has devel-
oped a new line of inks and formulations
for high-speed printing of electronic de-
vices. The company’s Metalon process
uses nanoparticles of silver and copper to
allow direct printing of electronic circuits
on low-temperature substrates. Potential
applications include RFID antennas,
transistors, solar-cell contacts, display
backplanes, and electrostatic discharge/
electromagnetic-interference films. No-
vaCentrix has a novel technique for
curing or sintering metal-nanoparticle-
based films by exposing them to a brief,
intense pulse of light from a xenon flash
lamp. This photonic-curing technology
rapidly and selectively heats and fuses
nanoscale metallic-ink particles, forming
highly conductive paths.

Nonvolatile memory is an essential
element in the growth of the printable-
electronics industry. Product applica-
tions employing flexible memory could
include intelligent packaging, game
cards, and medical devices to store infor-
mation for later display to the customer.
Another application is printed antifraud
and anticounterfeit security tags that
store product identification and security
information in rewritable memory. Thin
Film Electronics is working to develop
low-cost  volume-production  process-
es for its nonvolatile-printed-polymer-
memory technology. Thin-film memo-
ries include a printed bottom and top
electrode with a ferroelectric, nonvola-
tile, rewritable polymer sandwiched be-
tween. The Thin Film system eliminates
the need for transistors in memory cells,
a substantial simplification over alterna-
tive memory designs.

The key to many printed-electronics
applications is a reliable source of power
integral to the product. The obvious ex-
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ample is a printed battery that sits idle
until you activate the application. Pow-
er Paper has developed such a power
source. It requires no metal case, and you
can print it onto most flexible materials
(Figure 5). The batteries, which have a
shelf life of about three years, comprise
proprietary printed layers of zinc and
manganese dioxide to create the anode
and the cathode. In addition to outside
licensing, Power Paper uses its batteries
to power microelectrical pharmaceuti-
cal and cosmetic patches to enhance the
delivery of active ingredients to the skin.
The patches target conditions such as
skin damage, aging, wrinkles, hyperpig-
mentation, and photo damage.

Printed electronics has the potential
to greatly expand the role of the cir-
cuit-design engineer. Designers may find
themselves working in a traditionally
nonelectronic industry to add new func-
tions to product packaging or signage.
With the lowest cost silicon still or-
ders of magnitude more expensive than
printing and a constant flow of new ink
technologies, you can expect explosive
growth in disposable electronic prod-
ucts. In addition, electronic applications
are ideal for the multitude of printing
presses that will sit idle when society
completely switches to virtual books,
newspapers, and magazines.EDN

REFERENCE
A http://mkv.itm.miun.se/projekt/
paperfour.
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Technical Editor
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he most basic and simplest gesture is pointing, and
it is an effective method for most people to com-
municate with each other, even in the presence
of language barriers. However, pointing quickly
fails as a way to communicate when the object or
concept that a person is trying to convey is not
in sight to point at. Taking gesture recognition
beyond simple pointing greatly increases the type
“ of information that two people can communicate

w1th each other. Gesture communication is so natural and pow-
erful that parents are increasingly using it to enable their babies
to engage in direct, two-way communication with their care giv-
ers, through baby sign language, long before the babies can clearly

speak (Reference 1).

The level of communication between
users and their electronic devices has
been largely limited to a pointing inter-
face. To date, a few common extensions
to the pointing interface exist. They
include single- versus double-click or
tap devices and devices that allow us-
ers to hold down a button while mov-
ing the pointing focus, such as mice,
trackballs, and touchscreens. A user’s
ability to naturally communicate with a
computing device through a gesture in-
terface and a speech-recognition inter-
. face, such as a multitouch display or an
| optical-input system, is still largely an
emerging capability. Consider the new
nd revolutionary mobile phone that
lies on a touchscreen-driven user in-
rface instead of physical buttons and
uses a predictive engine that helps users
with typing on the flat panel. This de-
scription could apply to Apple’s iPhone,
which the company launched in June,
but it can also apply to the IBM Simon,
which the company launched with Bell
South in 1993, 14 years earlier than the
iPhone. Differences exist between the
two touch interfaces. For example, the
newer units support multitouch ges-
tures, such as “pinching” an image to
size it and flicking the display to scroll
the content. This article touches on
the nature of how gesture interfaces are
evolving and what they mean for future
interfaces.

Much of the technology driving many
of today’s latest and innovative gesture-
like interfaces is not exactly new: Most
of these interfaces can trace their heri-
tage in products or projects from the

past few decades. According to Ref-
erence 2, multitouch panel interfaces
have existed for at least 25 years, and
that length of time is on par with the
30 years that elapsed between the in-
vention of the mouse in 1965 and the
mouse’s reaching its tipping point as
a ubiquitous pointing device, which
happened with the release of Micro-
soft Windows 95. Improvements in the
hardware for these types of interfaces
enable designers to shrink and lower the
cost of end systems. More importa
however, these improved interfaces e
able designers to leverage additio
low-cost software-processing capacity to
use it to better identify more contexts so
they can better interpret what a user is
trying to tell the system to do. In other
words, most of the advances in emerg-
ing gesture interfaces will come not so
much from new hardware as from more
complex software algorithms that best
use the strengths and compensate for
the weaknesses of each type of input in-
terface. Reference 3 provides a work-
in-progress directory of sources for input
technologies.

In addition to the commercial launch
of the iPhone, this year has borne wit-
ness to the Korean and European launch
of the LG Electronics-manufactured,
Prada-designed LG Prada phone, the
successful commercial launch of Nin-
tendo’s Wii gesture-interface console,
and the pending launch of the multi-
touch Microsoft Surface Platform (see
sidebar “Multitouch surfaces”). Are the
lessons designers learned from previous
iterations of gesture interfaces sufficient
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to give today’s latest innovative prod-
ucts the legs they need to survive more
than a year or two and finally usher in
the promising age of more natural com-
munication between humans and ma-
chines? These platforms have access to
large amounts of memory and worldwide
connectivity through the Internet for
software updates. So, perhaps the more
relevant question is: Can the flexible,
programmable nature of these platforms
enable the gesture interfaces to adjust to
the set of as-yet-unlearned lessons with-
out going back to the drawing board?

Gesture-recognition interfaces are
not limited to just gaming and infotain-
ment products. Users of Segway’s PTs
(personal transporters) intuitively com-
mand their transporters by leaning in
the appropriate direction to move for-
ward, stop, and turn left or right (Fig-
ure 1). Some interfaces focus on cap-
turing a rich range of subtle gestures to
emulate using a real-world tool rather
than issuing abstract commands to a
computer. For example, Wacom’s In-
tuos and Cintiq tablets coupled with
tablet-enhanced paint- and graphics-
software programs can faithfully cap-
ture an artist’s hand and tool motions
in the six dimensions of up and down,
left and right, downward pressure on
the tablet surface, stylus-tilt angle, sty-
lus-tilt direction, and stylus rotation.
This feature enables the software to re-
create not only the gross motions, but
also the fine motions, such as twisting a
user’s hand to more realistically emulate
the behavior of complex objects, such
as paint and drawing tools.

Another example of capturing subtle
motions to enable the emulation of the
direct manipulation of real-world tools
is Intuitive Surgical’s da Vinci Surgical
System. This system employs a propri-
etary 3-D-vision system and two sets of
robots—the masters and the EndoWrist
instruments—to faithfully translate the
intent of a surgeon’s hand and finger
motions on the masters to control the
EndoWrist instruments during robotic
laparoscopic surgery (Figure 2). Decou-
pling the surgeon’s hand motions from
the on-site surgical instruments through
the masters not only allows the surgery
to require only a few small cuts to insert
the surgical tools into the patient, but
also affords the surgeon a better posture
to delay the onset of fatigue when per-

46 EDN | AUGUST 16, 2007

AT A GLANCE

Bl Many of the gesture interfaces
we see in innovative products
can trace their roots back several
decades.

B Gesture interfaces find more use
than just in games and infotainment
devices; they also control systems
in industrial and medical environ-
ments.

Bl Much of what makes a gesture
interface reliable and useful, such
as inferring or predicting intent, is
not obvious to the user.

B The success of an interface is in
how well it handles uncertainty with
the user.

Bl Devices with modern interfaces
must consider how to manage
wireless and network connectiv-
ity between systems so that they
appear as one system to the user.

forming long procedures. It also enables
greater surgical precision, an increased
range of motion, and improved dexter-

Figure 1 The Segway PT interface trans-
lates the leaning direction of the user into
commands to move the PT in a direction
(courtesy Segway).

ity through digital filtering than if the
surgeon directly manipulates the surgi-
cal tools, such as in traditional laparo-
scopic surgery.

The 3-D-vision system is a critical
feedback interface that enables surgeons
to effectively use the da Vinci Surgical
System and avoid mistakes. Addition-
ally, the system complements the visu-
al-feedback interface with some simple
haptics or force feedback such as that to
detect when internal and external col-
lisions occur during a motion. Research
organizations, such as at Johns Hopkins
University, are using the da Vinci Sur-
gical System to study technologies that
support a “sense of touch.” “The da Vin-
ci is a perfect ‘laboratory,” as it provides
high-quality motion and video data of a
focused and stylized set of goal-directed
tasks,” says Gregory D Hager, professor
of computer science at Johns Hopkins.
“We envision using the statistical mod-
els we develop as a way of making the
device more ‘intelligent’ by allowing it
to recognize what is happening in the
surgical field.”

UNSEEN POTENTIAL

“Great experiences don’t happen by
accident,” says Bill Buxton, principal
researcher at Microsoft. “They are the
result of deep thought and delibera-
tion.” His decidedly low-tech example
involves two manual juicers that look
similar and have the same user inter-
face (Reference 4). If you can use one,
you can use the other. The juice tastes
the same from each, and each takes the
same amount of time to make the juice.
However, they differ in the method and
the timing of a user’s applying the maxi-
mum force. The juicer with the “con-
stant-gear-ratio” effect requires the us-
er to apply the maximum force at the
end of the lever pull, whereas the other
juicer delivers a “variable-gear-ratio” ef-
fect that reduces the pressure the user
needs to apply at the end of the lever
pull. In essence, the qualitative differ-
ence between the juicers is the result of
nonobvious mechanisms hidden in the
interface.

These examples of gesture-recogni-
tion interfaces are direct-control inter-
faces, in which users explicitly tell or di-
rect the system to do what they want.
However, the emerging trend for em-
bedded or “invisible” human-machine
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interfaces is an area of even greater po-
tential. Embedded processing, which is
usually invisible to the end user, con-
tinues to enable designers to make their
products perform more functions at low-
er cost and with better energy efficien-

MULTITOUCH SURFACES

Multitouch interfaces have
existed in some form for
the last 25 years, and the
time of their ubiquitous
adoption is either fast ap-
proaching or upon us with
this year’'s commercial of-
ferings, such as the Apple
iPhone and the Microsoft
Surface (reference A and B).
These multitouch displays
enable users to operate di-
rectly on the displayed ob-
jects with their hands and
fingers rather than men-
tally correlate the position
of an on-screen cursor with
the motion of a pointer,
such as from a mouse. The
multitouch interfaces of-
fer a richer array of interac-
tions than single-touch or
single-focus interfaces that
are common today. Apple
based the iPhone’s multi-
touch interface on a capaci-
tive-touch technology that
limits interactions to only
those from the user’s fin-
gers; it supports gestures
such as flicking the screen

: to scroll content and “pinch-
: ing” the screen to zoom in
: and out on content.

Perceptive Pixel has re-

: leased a demonstration

: video showcasing the com-
pany’s work with a large

. multitouch display. It shows
. a variety of gestures and

: contexts that could benefit
from a multitouch inter-

: face (Reference C). At press
: time, no additional infor-

: mation other than the video
: was available; however, a

: few items are worth not-

: ing. The display-and-touch-
. panel system is on a wall

: and is much larger than a

. typical display available to
consumers today. In many

. of the scenes, more than

: one person is operating

: the touch display at once;

: sometimes, they are work-
ing together, and, at other

. times, they are working in-

: dependently on different

: objects. The operator is us-
ing both of his hands at the
: same time during most of
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Figure A A conceptual (not accurate for intellectual-property rea-
sons) artist’s rendition shows the Microsoft Surface components

(courtesy Microsoft).
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cy. As the cost of sensors and processing
capacity continue to drop and the pro-
cessors are able to optimize the essen-
tial functions of the systems they con-
trol, an opportunity arises for the extra
available processing to provide an im-

: the video, and he effects a

. tremendous number of ac-

: tions in a short period. The
. examples of manipulating

: 3-D virtual objects are prob-
: ably harbingers of things to
come. Finally, the room is

. dark, which suggests that

. the sensor implementa-

: tion is not appropriate for
all environments; however,
. other sensor implementa-

. tions could deliver similar
sensitivity in different envi-
: ronments.

Microsoft announced the

: table-top-like Surface mul-
. titouch-display interface

in May, and the company

: expects production equip-
ment to be available in No-
: vember. The platform works
: by shining a near-infrared,

: 850-nm-wavelength light

: source on the bottom of
the table’s surface and us-

: ing multiple infrared cam-

. eras to detect reflections of
. that light when objects and
. fingers touch the surface

. of the display (Figure A).

: The use of the near-infrared
. light allows users to em-

: ploy the table in ambient

. light. A textured diffuser

. over the display causes the
: near-infrared light to reflect
back to the cameras under
: the table in a way that al-

: lows the software to mean-
. ingfully identify fingers,

: hands, motions, and other
real-world objects. The
platform supports many of
: the same types of direct-

. interaction gestures as the
: other multitouch examples,
. such as flicking and pinch-

: ing, but the interface adds

plicit or embedded human-machine in-
terface between the user and the system.
In other words, users may imply their in-
tent with the system without conscious-
ly being aware they are doing just that.
This emerging capability is essential to

: a new twist: It can interact

: with dozens of real-world

: objects in addition to the
hands and fingers of many

: users at once. The table-top
: form factor is natural for

: supporting face-to-face col-
: laboration among multiple
: people, electronic content,

: and real-world objects.

The ability of the platform

: to bridge real-world objects
. with virtual objects is pro-

: found for gesture-interface
: actions. Users can place

. wireless devices on the

: display, and the platform

: recognizes, invisibly es-

. tablishes communications

: links with, and identifies
them with a circle around

: them on the surface display.
: The user can drag content,

: such as photographs, from

: one device to the surface
interface of another device
: on the table. The data trans-
. fer can eliminate the need

: for cables between the de-

: vices, and the transfer of
 virtual objects between the
: real-world devices can con-
: sist of natural dragging and
: dropping gestures.

:REFERENCE

: I Microsoft Surface, www.
microsoft.com/surface.

: B “Microsoft Surface: Be-
: hind-the-Scenes First Look
: (with Video)” Popular Me-
: chanics, July 2007, www.

: popularmechanics.com/

: technology/industry/

: 4217348.html.

: & Perceptive Pixel, “Multi-
: Touch Demonstration

: Video?” www.perceptive

: pixel.com.
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enabling systems to use predictive com-
pensation to better accommodate a us-
er’s inexperience or errors and allowing
the system to still perform what the user
intended.

The Simon’s PredictaKey keyboard
explicitly listed to the user its top six
predicted-letter candidates and allowed
the user to explicitly select from that
list. To take advantage of the predic-
tion engine, the user had to explicitly
engage with the engine’s suggestions
and choose from them. In contrast, the
iPhone’s typing interface manifests it-
self in several obvious and hidden ways
to improve typing speed and accuracy.
First, it presents specialized key layouts
for each application so that only keys
that are relevant are available for input.
As the user types, the system may pre-
dict the word and present it to the user
while they are typing; if the word is cor-
rect, the user can select it by pressing
the space “key” on the display or just
continue typing. Likewise, the system
tries to identify potentially misspelled
words and presents the word with the
correct spelling in a similar fashion to
allow the user to accept or ignore the
proposed correction.

However, the new and invisible mag-
ic in the iPhone typing interface is that
it compensates for the possibility of the
user’s pressing the wrong letter on the
display panel by dynamically resizing
the target area or tap zone assigned to
each letter without changing the display
size of any of the letters, based on its typ-
ing engine’s predictions of what letter
the user will select next (Reference 5).
The letters that the prediction engine
believes the user may press next receive
a larger tap zone that can overlap with
the display area of nearby, lower prob-
ability letters, which receive a smaller
tap zone as a result. This feature increas-
es the chances of selecting the predicted
letter and decreases the chances of se-
lecting an unpredicted letter that is ad-
jacent to the predicted letter.

Although not considered a strict us-
er interface, such as that between a user
and a computer, some automobile-safety
features implement an early form of im-
plicit communication interfaces for pre-
dictive-safety features. As an example,
to determine whether to warn the driver
of an imminent lane departure, the sys-
tem can examine the turn signal to de-
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Figure 2 The da Vinci Surgical System combines two robotic systems, the masters
and the EndoWrist Instruments, with a 3-D-vision system to enable surgeons to better
perform complex laparoscopic surgical procedures (courtesy Intuitive Surgical).

termine whether the impending lane
departure is intentional or accidental.
People unintentionally and implicitly
communicate their presence to passen-
ger-detection systems that may control
whether safety systems should deploy in
the event of an accident. For example,
the automobile may adjust how the air
bag deploys to avoid certain types of in-
juries for passengers of different sizes.
Electronic stability-control systems can
compare the driver’s implied intention,
by examining the steering and braking
inputs, with the vehicle’s actual motion;
they can then appropriately apply the
brakes on each wheel and reduce engine
power to help correct understeer (plow-
ing), oversteer (fishtailing), and drive-
wheel slippage to help the driver main-
tain some control of the vehicle.

The control systems for the highest
maneuverable fighter aircraft offer some
insight into the possible future of con-
sumer-level control of complex systems.
Because these aircraft employ high lev-
els of instability to realize their maneu-
verability, the pilot can no longer ex-
plicitly and directly control the aircraft

subsystems; rather, the embedded-pro-
cessing system handles those details and
enables the pilot to focus on higher lev-
el tasks. As automobile-control systems
can better predict a driver’s intentions
and correlate those intentions with the
state of the vehicle and the surrounding
environment, they may be able to deliv-
er even higher levels of energy efficiency
by reducing energy loads in situations in
which they are currently unnecessary—
without sacrificing safety. In each case,
the ability of the system to better under-
stand the user’s intention and act appro-
priately correlates to the system’s ability
to invisibly and accurately predict what
the user can and might do next.

No matter how rich and intuitive
an interface is, its ultimate success and
adoption depend on how well the user
and the system can signal each other
and compensate for the possible range
of misunderstandings. Uncertainty or
unpredictability between how to com-
mand a system and its resultant behav-
ior can kill the immediate usefulness and
delay the adoption of the gesture inter-
face. Merely repetitively informing the



It lets you move
between 8-bit and
32-bit as fast as the
market demands.

The Controller Continuum. Only from Freescale.

S ST e R R R
RS08 HCS08

8-bit ColdFire® vi  ColdFire® v2 ColdFire® v3 ColdFire® v4 32-bit

Your market won’t tolerate design holdups, so why should you? Accelerate your
time to market with the unprecedented design flexibility found in the 8-bit and
32-bit solutions of the Freescale Controller Continuum. Pin-for-pin compatibility,
shared peripherals and a common set of design tools let you move between the
two architectures with the greatest of ease. It’s the shortest distance between

your design ideas and success.

2

>“ freescale

Accelerate your design process at freescale.com/continuum semiconductor

Freescale™ and the Freescale logo are trademarks of Freescale Semiconductor, Inc. All other product or service names are the property of their respective owners. ® Freescale Semiconductor, Inc. 2007.



@]ﬂﬂ A $500 AMEX Gift Card from ALLIED

Platinum Certified Distributor

> Tektron/ix

starting on page 81
starting on page 76

starting on page 75

AI_I_IEn your first choice for Tektronix

WHAT IS IT?

Can you identify this Tektronix product? You have two choices that will

significantly increase your chances of winning a $500 Amex gift card.

1. Look for additional clues at alliedelec.com/whatisit 2. If the answer still
eludes you, call your account manager and they may be able to provide

you with the answer.

No purchase necessary.
To enter, visit alliedelec.com/whatisit For full rules and regulations, visit alliedelec.com
5 5

1.800.433.5700 aIIiedeIec,tcom/whatisit ‘

ALLIED ELECTRONICS®



XY

’LL COMPENSATE FOR YOU

Modern interfaces are often more
complex than they appear because
they embody years of lessons de-
signers have learned to compen-
sate for how users view and inter-
act with a system. The iPhone’s
predictive-typing engine couples
with the dynamically resized tap
zones to provide an example of
the system’s compensating for the
user to reduce the frequency of un-
intentional inputs. This technology
builds on and extends the tech-
niques of past systems employed
to improve key- or tap-based com-
munication between user and sys-
tem. One such older technology is
keyboard-debounce filtering, which
eliminates scenarios that occur
when the system improperly inter-
prets a single key press as multiple
key presses because of transient
properties of the input device.

The history of keyboard de-
bounce illustrates a possible life
cycle for an error-compensation
mechanism. Errors were issues for
early systems with electronic key-
boards or touch displays that did
not filter for debouncing. In these
systems, the user is responsible
for determining when the system
misinterpreted a single key press
as multiple presses. This situation
places a low-value cognitive load
on the user that can add to a user’s
frustration when using the inter-
face. By filtering away debounce
conditions, the user is free to focus
on higher level tasks. Solving the
debounce problem was once a dif-
ferentiating feature, but it is now
an assumed and normal capability.

The history of the delete-confir-
mation mechanism that many sys-
tems use today exemplifies how an
interface capability can evolve to
accommodate a better understand-
ing of how users view the system.
The delete-confirmation mecha-
nism evolved from users’ acciden-
tal deletion of data, such as files.
With a command-line interface, a
user could accidentally delete a file

: by using wild cards to specify an

. unintended file name for deletion.

: A pointing interface, such as a key-
: board or a mouse cursor, allows ac-
: cidental file deletion because the

: file name is based on where the
cursor is pointing at the moment of
: the delete command.

An early change to user inter-

faces to compensate for this type

: of error was to ask the user to con-
. firm the deletion; the user could

: verify the file name and spot an er-
. ror before it occurred. A problem

: with this mechanism is that the

: confirmation applied to every dele-
tion, and it easily became a mind-

: less and automated key press or
pointer click that lost its effective-
: ness as a safety step over a short

. time. The next compensation was
to provide an undelete command

: to “fix” the failings of the deletion
: confirmation, and many systems

: now allow the user to skip or avoid
the deletion-confirmation notice
because it is often considered a

: low-value and high-noise way to

: protect data. A “trash-can” or “re-

: cycle bin” icon has replaced the
undelete command; these features
allow users to recover many de-

: leted files. An analogous evolution
occurred for in-application deletion
. of data with the introduction of the
. undo command and the eventual
improvement of a multistep undo

. capability common in modern ap-

: plications.

With each new compensation

mechanism, the system took on

: more responsibility for under-
standing what users needed, even
: when that meant allowing users

: to reverse a previously irrevers-

. ible action. At each stage of this

: evolution, the interface supported
: mechanisms that users could mis-
understand or misuse. Each new

. compensation incorporated the les-
: sons designers had learned about
: how the user might interact with

: the system to avoid future unwant-
. ed outcomes.
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user that there is an error is insufficient
in modern electronic equipment. These
devices often guide the user about the
nature of the error or misunderstanding
and how they might correct the condi-
tion. Modern interfaces employ a com-
bination of sensors, improved process-
ing algorithms, and user feedback. This
combination provides a variety of mech-
anisms to reduce ambiguity and uncer-
tainty between the user and the sys-
tem so that each can more quickly and
meaningfully compensate for unexpect-
ed behavior of the other (see sidebar “I'll
compensate for you”).

One way to compensate for potential
misunderstandings is for the system to
control and to reduce the set of possible
inputs to only those with a valid context,
such as with the iPhone’s specialized key
layouts. Applications that can segment
and isolate narrow contexts and apply
strong goal-defined tasks in each one are
good candidates for this type of compen-
sation. Handwriting systems based on
the Graffiti recognition system, such as
Palm PDAs, improved the usability of a
handwriting interface by narrowing the
possibility for erroneous inputs, but do-
ing so involved a significant learning
curve for users before they could reli-
ably use the system. Speech-recognition
systems that require no training from a
speaker increase their success rate by sig-
nificantly limiting the number of words
the systems can recognize, such as the
10 digits, or by presenting the user with
a short menu of responses.

Another method of compensating
for misunderstandings is to eliminate or
move translations from the user to the
system. HP Labs India is working with
a pen-based device, the GKB (gesture
keyboard), which allows users to enter
phonetic scripts, such as Devanagari
and Tamil scripts, as text input without
the benefit of a language-specific key-
board. Another example is the Segway
PT that once required a user to translate
a forward and backward twist to corre-
spond to a signal to turn left or right.
Now, it instead allows the user to indi-
cate left or right by leaning in the de-
sired direction. In this case, the newer
interface control removes the ambigu-
ity of which twist direction aligns with
which turn direction, and it aligns the
control with the natural center-of-grav-

AT EDN.COM >

Go to www.edn.com/070816c¢s

for a sign-language alphabet. At this
link, you can also click on Feedback
Loop to post a comment on this article.

For a related article about natural-
interface input devices, go fo www.edn.
com/article/CA263121.

For a related article about interfac-
ing electronics to people, go to www.
edn.com/article/CA6309109.

For a related article about smarter
vehicles, go to www.edn.com/article/
CA6339246.

ity use scenario for the system, which
greatly increases its chances as a useful
and sustainable interface.

Another important way to compen-
sate for potential errors or misunder-
standings is to give users enough rele-
vant feedback so that they can appro-
priately change their expectations or
behavior. Visual feedback is a common-
ly used mechanism. The mouse cursor
on most systems performs more func-
tions than just acting as a pointing fo-
cus; it also acts as a primary feedback to
the user about when the system is busy
and why. The success of the gesture in-
terface with the Wii remote hinges in
part on how well the system software
improves over time to provide better
sensitivity to player gestures. It also de-
pends on how well it provides feedback,
such as a visual cue on the display, that
points out how users can make small ad-
justments to their motions so that the
system properly interprets their intend-
ed gestures.

Haptic or tactile feedback engages the
user’s sense of touch; it is a growing area
for feedback, especially as a component
of multimodal feedback involving more
than a single sense. Game consoles
have employed rumble features for years
in their handheld controllers. The Seg-
way PT signals error conditions to the
user through force feedback in the con-
trol stick. The da Vinci Surgical System
uses force feedback to signal boundary
collisions, such as when the EndoWrist
instrument makes contact with the sur-
face of the cutting target. Haptic feed-
back can compensate for the weakness-
es of other feedback methods, such as
audio sounds in noisy environments.

Haptic feedback can also help offload

The secret to successful
high-speed PCB design.

Simulate fast driver edges and
new bus technologies with
HyperLynx® — the most
widely used high-speed PCB
simulation software.
HyperLynx provides both
pre- and post-layout analysis
of signal integrity, flight times,
crosstalk, multi-gigabit
SERDES technologies and
EMC, and is compatible
with all major PCB design
flows, including PADS?

To find out more, download
the latest hands-on
high-speed tutorial from
www.mentor.com/rd/tutorial

or call 800.547.3000.
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the visual sensory overload by freeing
the user’s eyes from seeking visual con-
firmation that the system has received
an input to focus his eyes on other de-
tails. For example, the iPhone keypad
does not implement haptic feedback to
signal the user which key was pressed
and when, so the user must visually con-
firm each key press the system processes.
One company, Immersion, offers a way
to simulate a tactile sensation for mobile
devices by issuing precise pulse control
over a device’s vibration actuator within
a 5-msec window of the input event.

When all other compensation meth-
ods fail to eliminate a misunderstanding,
designers can employ a context-relevant
response to address the uncertainty of a
given input. A common response type
is to issue a warning and to ask the us-
er to repeat the input, but this situation
risks frustrating the user if the system re-
peatedly requests the input with no ad-
ditional guidance about what it needs.
The system can make a best guess as to
what the input was and ask the user to
confirm that the guess is correct; this
scenario also can cause frustration to the
user if no method is available to refine
the guess on a second try or if the system
must too often confirm an input. A pos-
sible strategy for minimizing the use of
these types of responses is for the system
to profile the user’s behavior and devel-
op statistical models to better correlate
guesses with what the user requests most
frequently.

Gene Frantz, principal fellow at Tex-
as Instruments, observes that the size of
a system is scalable when you consider
that networks can tie systems together.
This consideration is increasingly impor-
tant for modern devices. Consider that
the iPhone, Wii, and Microsoft Surface
include wireless-communication links
with other systems. How these devic-
es interact with other external systems
correlates with how well they meet the
needs of their users. Even as the world
of gesture interfaces begins to stand on
its electronic feet, we are increasing our
expectations for our devices to apply the
lessons we have learned for interacting
with a single device to multiple devices
seamlessly interacting with the user and
each other. Those systems that can best
predict the user’s intent to minimize and
avoid uncertainty and seamlessly pull

together other systems in a connected
world will likely drive the future of ges-
ture interfaces.EDN
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BY ANDREW POTEMSKI

SYNOPSYS PROFESSIONAL SERVICES

Add flex to your flow

o handle numerous technical challenges associ-

ated with advanced process nodes, chip designers

must have a design flow that adapts to evolving

requirements and design goals. At the same time,

design teams must also deal with project-related

challenges, such as achieving consistent design
development across geographically distributed design teams,
ramping up new sites, and correcting issues with third-party-
library and IP (intellectual-property) quality. Today’s design
flows must handle all of these challenges and still provide
more flexibility, greater modularity, and new methodologies
for achieving predictable design tapeouts.

To meet these goals, a design flow must be more than a
means to solve design problems. It must also improve designer
productivity and make design organizations more competitive.
By implementing a versatile design flow and environment, de-
sign companies can:

e support multisite design efforts across geographically dis-
tributed teams with consistent sharing of design method-
ologies and project data;

e simultaneously handle multiple projects by quickly alert-
ing team members to the latest best practices;

e move teams to projects with uniform flow execution;

e quickly adapt new libraries for a geometry or migrate to
new geometries; and

e maximize designer productivity and minimize project de-
lays with encapsulated methodologies and flow automa-
tion.

The Synopsys Professional Services group’s customers use
many foundries and libraries, implement a range of design ap-
plications, encounter many methodology challenges, support
multiple points of design handoffs, and function with distribut-
ed teams. Accordingly, its design consultants encounter a full
spectrum of design- and project-related challenges. The group
has created a versatile flow to handle all of these challenges.

DESIGN FLOW AND ENVIRONMENT

The term “flow” has many meanings, so it is useful to clarify
it and a few related terms. One of the most common flows is
a reference, or reference-design, flow, which is a collection of
scripts and best practices that describes the interoperability of
data files across two or more EDA tools. You often tune these
scripts for a targeted foundry’s technology or a target design
type, such as a core.

Closely related to the reference-design flow is a design
methodology—a set of techniques and best practices to imple-
ment and verify a chip. For example, a methodology to im-
plement a 20 million-gate chip containing a crossbar switch
might include hierarchical partitioning, floorplanning with a
fixed-target percentage of congestion constraint, shielding re-
quirements on all clock and critical-signal nets, double-spac-

ing-rule requirements for chip-level-clock and critical-signal
routing, and multicorner-extraction-based signal-integrity
analyses before sign-off.

In the most general sense, a design flow is a complete pro-
cess that implements a design methodology or several design
methodologies, such as the one previously described. You im-
plement such a flow with a collection of ready-to-use scripts
and utilities to run the tools, addressing both design- and proj-
ect-related challenges. The flow might include standard prac-
tices from foundry reference flows. CAD and design teams
typically configure the flow for project-specific use.

A design environment incorporates a design flow and adds
the rest of the resources required to complete a chip. In addi-
tion to the flow, for example, the environment includes in-
frastructure, such as computing hardware and software; pre-
scribed directory structure; data-management principles; con-
sistent naming conventions; scripts to set up, use, and manage
project data across design teams or projects; and the automa-
tion mechanics for executing the design flow and for rebuild-
ing a chip.

NOT A PUSHBUTTON OPTION

Although flow automation is important for improving de-
signer productivity, there is no such thing as a pushbutton de-
sign flow. Every design project has different requirements and
input data that impose unique flow requirements. This fact
argues against too much automation early in a project, when
you need transparency in the processes. For example, you ad-
dress many design-related challenges in floorplanning that are
initially interactive, but you can automate them later in the
project for rebuilding the chip after incremental changes.
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You can implement a good design by starting with a set
of coupled layers.
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Further, design flows are never static, because the underly-
ing processes, libraries, IP, and EDA tools are dynamic. Keep-
ing flows current requires ongoing investment and effort. A
versatile, robust flow thus demands a good balance of modu-
larity, configurability, and automation.

ROBUST DESIGN ENVIRONMENT

You can implement a good design environment in many
ways. The Synopsys group recommends starting with a set of
coupled layers (Figure 1). Here, “coupled” means having lay-
ers separated by function and connected through defined in-
terfaces.

The automation layer gives you the flexibility to configure
the design flow for project-specific goals and then capture and
replay selected tasks. For example, the flow-automation re-
quirements may include flow-step selection and replay, EDA-
tool-version control with support for tool substitution, and
built-in error checking and reporting throughout the design
cycle. “Make” files offer an efficient model for such flow-step
automation, and the automatic creation of correct-by-con-
struction make files enhances flow automation.

The project data should be well-structured with a predefined
data and scripting-interface model for single-site and multi-
site development. Good data management enables consistent
job launching and management for efficient use of hardware
and software resources. For example, organizing the technol-
ogy and design-related files in separate directories allows you
to reuse the same technology node across multiple users and
even multiple projects.

The project-data-structure requirements may include a stan-
dardized directory structure to support flow execution across
multiple users and sites, variable naming and scripting con-
ventions for reuse, and preferred data management using a

freeware or commercial revision-control system for individual
and group development.

Using a scalable computing infrastructure lets you accom-
modate the changing needs of a single project or multiple
projects in parallel. Runtime and design-quality metrics are
valuable for guiding the deployment and updating of comput-
er resources, and you can extract these metrics from the design
flow.

When planning a new project, program managers can de-
velop and use project-specific metrics that take into account
the design team’s size, the design’s size, memory requirements,
flow-step and task durations, and even the type of available
computing servers. For example, Synopsys design centers use a
computer farm of Unix- and Linux-based machines, job distri-
bution using LSF (load-sharing facility), revision control us-
ing Perforce, and software-application access using a modules
file (references 1 to 3).

At the heart of the design environment, the design-flow lay-
er incorporates the EDA-tool flow and should embed the best
practices and methodologies required to address all project-
design issues. The design-flow layer addresses all of the chip-
implementation tasks. Design teams integrate libraries and IP
from multiple sources with varying degrees of quality and com-
pleteness. Qualifying this input data early in the design cycle
avoids downstream surprises.

A typical project includes libraries from multiple vendors
(such as standard cells, memories, I/Os, analog- and mixed-
signal functions, and hard IP) and technology files from the
selected foundry. Common problems include inconsistent
timing and physical views in libraries; incomplete timing,
physical, and logical models for new process nodes; and miss-
ing design rules within technology files or DRC/LVS (design-
rule-check/layout-versus-schematic) decks. You achieve mea-
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You can assemble modular-flow steps into a design-
specific hierarchical RTL-to-GDSI!I flow using three subflows.

surable productivity improvement using a process to identify
and correct these problems.

Two important processes enable designers to quickly pre-
pare and qualify required input data at a project’s start. First,
incoming quality-assurance processes should focus on evalu-
ating libraries, constraints, and RTL (register-transfer-level)
files. Second, a method to generate correct-by-construction

technology files from a single, up-to-date source—often the
foundry—is necessary. Note that you should separate quality-
assurance methodologies from the RTL-to-GDSII (Graphics
Design System II) implementation-flow steps to ensure that
project teams can retarget the same implementation flow for
different process technologies and multiple libraries.

You should build the functional verification upon the struc-
tured project data to allow project teams to seamlessly share
design data and output between implementation and verifica-
tion of the same design. With the correct setup, you can export
simulation-generated data files to the implementation side
without manual intervention, thereby ensuring that teams use
the right file versions to analyze and implement the design.

RTL-TO-GDSII IMPLEMENTATION FLOW

An RTL-to-GDSII implementation flow should provide
modular steps for use across multiple sites and projects. The
flow should also allow designers to modify individual steps for
design- and project-specific needs. The RTL-to-GDSII imple-
mentation flow within the Pilot Design Environment com-
prises five modular steps (Figure 2).

You can assemble these modular-flow steps into a design-spe-
cific hierarchical RTL-to-GDSII flow using three subflows (Fig-
ure 3). The hard_macro subflow hardens blocks, such as ARM
cores and other IP for chip-level integration. The soft_macro
subflow is for implementing and delivering hierarchical-design
modules for chip-level integration. You use the top subflow ei-
ther to hierarchically integrate the chip design with design in-
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tion across multiple sites and handoffs.
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Figure 4 You can accomplish automation by embedding the metrics-tracking system nal integrity, see Reference 4.

within the flow architecture.
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A MEASURED APPROACH

An important consideration when
put from the other two subflows or to provide the flexibility to  building a design flow is the means for collecting metrics asso-
simply supply a flat implementation of the chip design. ciated with project execution. The monitoring and reporting
This subflow architecture allows each project team to struc-  of metrics throughout the design cycle can be of great value in

ture, configure, and automate the flow for its block-specific  helping designers assess design-completion status.
needs. Further, it gives project teams the flexibility and control Some view with skepticism the need for determining rel-
to apply the same implementation flow to a range of design  evant metrics and establishing techniques and discipline for
applications and design styles and to ensure consistent integra-  measurement regarding these metrics’ accuracy and value. Im-
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or media players.

Go to www.intersil.com for samples, datasheets and support
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Intersil — Amplify your performance with advanced signal processing.
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Simply Amazing.

( Audio / Video / Data

AudioTHD | USB Video Diff
Device | 32Q(%) | Speed | GainPhase
80

ISL54207 0.06 4 0.28/0.04
ISL54208 0.06 480 0.28/0.04
ISL54415 0.007 12 0.04/0.03
ISL54416 0.007 12 0.04/0.03
{ ISL54417 0.007 12 0.04/0.03
C Audio / Data y
Audio THD UsB
Device 32Q) (%) Speed
ISL54205A 0.06 480
ISL54206 0.06 480
ISL54400 0.007 12
1SL54401 0.007 12
1SL54402 0.007 12
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perfect as metrics may be, measuring the performance of the
design flow in real time is an essential element to improving
productivity. Flow metrics help designers and program manag-
ers determine where extra resources and time are necessary to
ensure that teams complete design tasks on time.

Also, monitoring key metrics improves predictability by
providing visibility into the health of the design and tapeout
readiness. In the longer term, flow metrics help identify as-
pects of the flow that require improvement and provide a ba-
sis for quantifying the improvement from one flow version or
project to the next. Additionally, metric reports improve com-
munication of design-project status among stake holders, and
teams can maintain reports on a project-tracking Web site or a
project scoreboard for postproject analysis.

To avoid distraction from primary design tasks, capturing
and reporting design metrics require automation for mini-
mal overhead. Automated metrics simplify evaluation of tool-
change needs, assessment of new-methodology choices, and
identification of flow bottlenecks. You can accomplish auto-
mation by embedding the metrics-tracking system within the
flow architecture (Figure 4).

Sample metrics include the design’s physical size, cell use,
number of nets, number of pins, number of instances, and the
physical DRC status. Detailed QOR (quality-of-results) met-
rics relating to timing closure include the TNS (total negative
slack), WNS (worst negative slack), number of timing vio-
lations, slack histograms, number of clocks, clock skew, and
clock latency.

Equally important are the metrics associated with infrastruc-
ture resources. The metrics-monitoring facilities in the design
flow can capture detailed statistics on CPU runtime, memory
usage, and disk-space usage, as well as on EDA tools and ver-
sions. Reference 4 contains a more detailed discussion of how
to use metrics.

LESSONS LEARNED

Design-flow development is not an optional activity, though
the efficiency and impact on design programs can vary greatly.
Complex chips require a robust but flexible system to meet
schedules and ensure tapeout success. Shorter market win-
dows have put tremendous pressures on designers to meet ag-
gressive schedules and performance targets. Without a well-
defined flow and environment, designers have little chance of
meeting these aggressive goals. Actively maintaining up-to-
date design flows can help remove flow issues from the criti-
cal path. A well-defined environment also gives designers on-
the-fly configurability to address new issues as they arise.

Second, attempting to create a one-size-fits-all flow is an
unreasonable approach. Such an approach is expensive and is
unlikely to support all the methods that CAD engineers and
designers need. A practical approach is to create one modular,
layer-based design environment in which you configure the
design flow for project- and design-specific needs. The result is
an easy-to-set-up, easy-to-use, and easy-to-support flow.

For example, a design can easily accommodate library and
IP changes if you separate the technical-library preparation

eed
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and library-qualification methodologies from the RTL-to-
GDSII flow steps, allowing designers to target the same im-
plementation flow for multiple processes, technologies, and
libraries. Similarly, a team can adopt new EDA tools and fea-
tures if the flow steps are modular and separate from the auto-
mation layer.

Third, to maximize designers’ flexibility, you should auto-
mate the design tasks and not the process. The focus should be
on capturing design-specific tasks and ensuring repeatability
of the tasks through automation. You can accomplish this task
by separating the baseline flow from the automation and the
project-data-structure layers.

Additionally, to ensure predictable implementation across
multiple sites and multiple projects, apply a logical and con-
sistent project-data structure, but do not hard-code the data
structure in the design flow. Use variables within the design
flow and common directory-naming conventions for the de-
sign tasks.

No matter how robust the design flow, nothing can replace
the expertise that comes with experience and proper training
on new tools and methodologies. This requisite knowledge
helps project teams avoid what are often wasted iterations
through the design process.

Finally, the development of the flow and environment is
not a one-time activity, because processes, libraries, I[P, EDA
tools, and—more important—the underlying designs change
constantly. Without periodic methodology enhancements,

become outdated, resulting in lost designer productivity and
project delays.

The benefits of setting up a versatile design environment
are numerous for both the CAD and the project teams but
boil down to a simple concept: To achieve predictable time
to results, you need a predictable design process. Furthermore,
by making the design processes consistent and measurable,
you can make systematic improvements, quantify results, and
more easily share results among design teams. A robust and
versatile design environment demonstrably and dramatically
improves designer productivity and tapeout predictability, and
you can deploy it with minimal overhead.Ebn
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Circuit compensates system offset
of a load-cell-based balance

Luca Bruno, ITIS Hensemberger, Monza, Italy

It’s a challenge to interface a
resistive bridge sensor with an
ADC receiving its power from a 5V
single-supply power source. Some ap-
plications require output-voltage
swings from OV to a full-scale voltage,
such as 4.096V, with excellent accu-
racy. With most single-supply instru-
mentation amplifiers, problems arise
when the output signal approaches
0V, near the lower output-swing lim-
it of a single-supply instrumentation
amp. A good single-supply instrumen-
tation amp may swing close to single-
supply ground but does not reach
ground even if it has a true rail-to-rail
output.
In this application, the sensor is a
precision load cell with a nominal load
of 5 kg, or about 11 lbs, to weigh ob-

5V 4.096V

jects on an aluminum pan weighing
approximately 150g, or approximately
5 oz. Because of the pan’s weight, the
instrumentation amplifier’s output sig-
nal can never go down to 0V, even if
there are no objects to weigh. Now,
the problem arises of how to compen-
sate the instrumentation amp’s output-
offset voltage and the voltage that the
pan itself produces.

A software approach is the simplest
way to compensate the system offset.
During power-up, there are no objects
to weigh on the pan, and the system
can thus acquire the offset voltage and
hold the data in the microcontroller’s
memory, subsequently subtracting it
from the data it acquired when there
was an object to weigh. This approach,
however, does not reach the 5-kg full-

EDITED BY CHARLES H SMALL
AND FRAN GRANVILLE
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of push-pull dc/dc converter
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scale of the balance, reaching only
5-0.15 kg, or 4.85 kg.

This Design Idea shows how to
achieve hardware compensation us-
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+
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Figure 1 The serial dual DAC in this circuit gets an offset voltage from the microprocessor (not shown) during a power-on-

calibration routine.
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ing a microcontroller that, on power-
up, starts a software routine to reset the
system offset. The solution is a simple
circuit based on four ICs from Linear
Technology (www.linear.com) in Fig-
ure 1. A precision voltage reference,
IC,, has a high minimum output cur-
rent of 50 mA. It provides an output
voltage of 4.096V to power the load
cell and to set the full-scale of the 12-
bit ADC, IC,. The highly accurate
LT1789-1 instrumentation amplifier,
IC,, features maximum input-offset
voltage of 150 WV over the temper-
ature range of 0 to 70°C and maxi-
mum input-drift-offset voltage of 0.5
wV/°C over the temperature range of
0 to 70°C with rail-to-rail output that
swings within 110 mV of ground. You
set the gain through precision resis-
tor R, to a nominal value of 5004 to
give an output span of 4.096V when
the load is 5 kg and its maximum in-
put signal is V. XS=4.096V X2 mV/
V=8.192 mV, where S is the sensor’s
sensitivity.

The output of DAC_A of dual-DAC
IC, provides a reference voltage of 200
mV at the reference pin of the instru-
mentation amp to avoid saturation near
ground of the amplifier itself, where its

transfer characteristic is not quite lin-
ear. The amplifier’s total worst-case out-
put offset is: V.. +V, =V ey =200
mV+125 mV=500X150 pV=325
mV=75mV=250 mV/400 mV, where
V., =125 mV and is the voltage that
the pan’s weight produces.

The system-output offset is thus 250
to 400 mV. On power-up, the micro-
controller starts a routine that sets the
output of the DAC_A equal to 200
mV, while it increases the output of
the DAC_B of dual-DAC IC 3 until
it is equal to the system offset on Pin
2 of ADC IC,, and the result of the
conversion is 000h. This result is pos-
sible because IC, contains two 12-bit
DACs with the same full-scale volt-
age of 2.5V, making 1 LSB equal to
0.61 mV, which is smaller than IC s
resolution of 1 mV. This figure cor-
responds to the resolution of the bal-
ance: 5000g/4096=1.22g. The maxi-
mum output voltage of the instrumen-
tation amp with a maximum load of 5
kg is 4.096V+V 1 romar orrser e =
4.346V/4.496V, which is less than the
minimum worst case over temperature
of 4.62V high saturation.

IC, has a single unipolar differential
input, so you can subtract from the

Voltage doubler uses inherent
features of push-pull dc/dc converter

Ajoy Raman, Aeronautical Development Establishment, Bangalore, India

This Design Idea presents a
minimal-parts-count, wide-
range voltage doubler using the inher-
ent voltage-doubling characteristics
of a one-transformer push-pull dc/dc
converter. The implementation uses
a high-voltage Darlington-array driv-
er, ULN2023A. The circuit exhibits a
wide input-voltage range of 5 to 30V
and provides a typical power output of
1 to 4W at moderate efficiency.
Figure 1 shows a simple, one-trans-
former dc/dc converter in which cross-
coupled RC networks from the collec-
tors of Q, and Q, to the corresponding
bases provide regenerative feedback. In

| AUGUST 16, 2007

+IN input voltage a constant voltage
of value equal to the system offset that
that DAC_B of IC, provides. During
the first one and a half clock cycles,
the ADC samples and holds the posi-
tive input. At the end of this phase, or
acquisition time, the input capacitor
switches to the negative input, and the
conversion starts. The RC-input filters
on the inputs of IC, have a time con-
stant of 0.5 wsec to permit the nega-
tive and positive input voltages to set-
tle to a 12-bit accuracy during the first
clock cycle of the conversion time,
using the maximum clock frequency,
which is 200 kHz. If you want to in-
crease the time constant, then you
must use a lower clock frequency.

Furthermore, the DAC and ADC
have a three-wire serial interface that
easily permits transferring data to a
wide range of microcontrollers with a
maximum sampling rate of 12.5k sam-
ples/sec. When the ADC performs no
conversions, it automatically powers
down to 1 nA of supply current, and,
if the microcontroller shuts down IC,
through its Pin 3, the circuit draws
a worst-case supply current of just 1
mA, because all the ICs are micro-
power.EDN

operation, the transformer alternates
between positive and negative satura-
tion, with collapse in transformer flux
leading induced voltages to drive the
transistors alternately off and on. The
input-voltage and saturation charac-

Figure 1 A simple one-transformer dc/dc voltage doubler has cross-coupled
RC networks from the collectors of Q, and Q, to the corresponding bases.
These networks provide regenerative feedback.
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ALt T EXPERIMENTAL RESULTS

Input Input || Oscillating | Output Load || Power || Power
voltage || current || frequency || voltage || current || input | output | Efficiency
V) (mA) (kHz) V) (mA) (w) (W) (%)
5 245 1.79 7.59 105.95 1.22 0.8 65.77
10 250 4 17.68 104.13 2.5 1.84 73.72
15 274 6.06 27.7 111.7 412 3.09 75.08 ) l
EACH DRIVER —
20 280 8.2 379 110.12 5.6 417 74.53 -
25 242 10.53 48.1 88.23 6.05 4.24 70.15 Figure 2 The internal configuration
30 205 13.33 58.7 66.25 6.15 3.89 63.23 of the high-voltage Darlington-array
ULN2023A driver exactly matches
the requirements of the circuit in
Figure 1 by providing rectifier diodes
1 o 16 at the collector outputs.
IN 1 OouT 1
C‘] R1 . .
0.01 puF 10k 2 {>¢ ° 15 teristics of the transformer core deter-
IN 2 OouT 2 . .
s » o mine the operating frequency based on
N3 {>° 5 [outs the relationship
8
5 12 BsAN
IN5 {>C T_H_“ OuTs5 where V. is the input voltage, B is
6 {>¢ o 11 the saturated flux density in gauss, A
c, R, IN6 T—H—" ouTe is the cross-section area of the core in
0.01 uF 10k 7 _ 10 ; . ;
N7 {>c —our? square cennmeters, and N is the num
8 P 9 ber of turns in half of the primary. The
GND ULN|20623 A COM l OVour circuit uses the property that the col-
1 1C4F lector-to-emitter voltage of each device
- * I is approximately twice the supply volt-

Figure 3 Taking advantage of the multiple drivers in one package, three drivers
are parallel in each leg of the circuit.

60d...... S NG S A Y weme P s O
—m— OUTPUT VOLTAGE : i i

age, V., plus induced voltages, which
occur because of leakage inductance.
Rectification and filtration of the col-
lector voltages of Q, and Q, through
D, and D, directly provide an output
voltage that is approximately double
the input voltage, V..

The internal schematic of the high-
voltage Darlington-array ULN2023A
driver in Figure 2 exactly matches the
requirements for the circuit in Figure 1

—e— EFFICIENCY b 0 e diod ol

QUTPUT |-A— POWER OUTPUT — y providing rectifier diodes at the col-

VOLTAGE : OUTPUT lector outputs. The voltage-breakdown

W/ : wy/ specification of 95V meets the maxi-
EFFICIENCY ; ; i FREQUENCY ; frwice V. pl

TR - T (SR e x KHa) mum requirement of twice V. plus

transients when operating at an input

of 30V. The device exhibits a low col-
lector-to-emitter saturation voltage at
the desired current level of approxi-
mately 100 mA and low switching
times when switching at rates as high
as tens of kilohertz.

Figure 3 shows the final circuit
configuration. Three drivers operate
in parallel, sharing the drive current,
minimizing the collector-to-emitter

ol
5 P I

INPUT VOLTAGE (V)

Figure 4 Experimental results show the circuit in Figure 3 operating as a low-
power, moderately efficient, wide-range voltage doubler.

74 EDN | AUGUST 16, 2007



SIMPLIFY COLOR LED
DISPLAY DESIGNS

Individual-Pixel and Panel Calibration Adjustments Provide
Maximum Flexibility for High-Resolution Displays!

: 40°C 70 4195,
SPEED L-l E BALL E STRIKE .-= ouT E g OPERA;’LZNS c

INNINGS 1 2 3 4 5 6 7 8 9 RUNS

GUEST

B (LK1 D O0e( MAXIM  JPeQ MAXIV ey MAXIA
SERIAL MAXBIT2 ~' MAX6972 ” MAX6I72
wos  PXOOO BOOO XOCO

WM STE|
] 'A?;fnmsg
COLOR chpgnLLIoNS
CONTRg E
¢ EZCascade™ Technology Requires ¢ Internal Watchdog Can Be Configured to
No Additional Clock or Data Drivers Blank Display on Loss-of-Signal Input
¢ 1% Port-to-Port Current Matching ¢ 256-Step DAC-Programmable
¢ Multiplex Mode Enables Twice as Constant-Current Outputs
Many LEDs per Output
Programmable . )
Part No. of Qutputs Current Range No- ?é; ‘s’a'\:l) Bits N°('|::"mra3“s Package
(mA)
MAX6972 16 1110 55 7 12 32-TQFN
MAX6973 16 111055 5 14 32-TQFN
MAX6974 24 5t030 7 12 40-TQFN
MAX6975 24 5t0 30 5 14 40-TQFN

EZCascade is a trademark of Maxim Integrated Products, Inc.

MAXIV

www.maxim-ic.com

FREE Displays Design Guide— Sent Within 24 Hours!

CALL TOLL FREE 1-800-998-8800 (7:00 a.m.-5:00 p.m. PT)
For a Design Guide or Free Sample

NAXIWN NAR\GW = AVNET
m m == electronics marketing
1-888-MAXIM-IC 1-800-777-2776 1-800-332-8638

Distributed by Maxim/Dallas Direct, Arrow, Avnet Electronics Marketing, Digi-Key, and Newark.
The Maxim logo is a registered trademark of Maxim Integrated Products, Inc.
© 2007 Maxim Integrated Products, Inc. All rights reserved.



76 EDN

designideas

voltage, and maximizing the permit-
ted power dissipation. Table 1 shows
the experimental results with the volt-
age-doubler circuit operating over
the input voltage of 5 to 30V. In that

range, the input current is less than
300 mA to remain within the current
values of the transformer at lower input
voltages and within the power-dissipa-

tion limit of the ULN2023A at higher

Voltage timer monitors
line-connected ac loads

Michael Petersen, Maxim Integrated Products, Sunnyvale, CA

A simple circuit monitors the

elapsed time over which a line-
connected ac load energizes (Figure
1). You can then access the elapsed-
time count over a standard one-wire
protocol. When you energize the ac
load, the optoisolator provides pulses

at the ac-line frequency to the input
of the one-wire counter, a DS2423 IC.
Thus, the counter continuously incre-
ments whenever you energize the load.
Resistors R| and R, limit the current,
and diode D, protects the optoisolator
from reverse-polarity voltages during

AC LOAD

53\/

VDD
DS2423
* A OW|—O ONE WIRE
O—{B
R3
100k GND

Figure 1 This circuit monitors line-connected ac loads by counting one pulse

per cycle when the load is energized.

Cascaded converter boosts
LED-drive capability

Grant Smith, National Semiconductor, Phoenix, AZ

Powering 20 to 30 white LEDs

from three alkaline cells presents
an interesting problem for the conven-
tional boost converter. The required
boost ratio and duty factor are simply
impractical. If you are determined to
design with off-the-shelf components,
cascading two stages of boost can yield
reasonable results. This topology has
been around for decades, but engineers
often perceive it as too complicated.
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There are, however, certain inherent
advantages in this approach’s com-
ponent requirements. The first-stage
switch need not tolerate the total out-
put voltage of the second switch, and
the second switch does not have the
current requirements of the first. If the
duty factor were not a concern, the
current/voltage requirements of a sin-
gle-stage boost would require a larger,
more expensive switch that might eas-

input voltages. Figure 4 shows the plot
of the experimental results, clearly in-
dicating the operation of a low-power,
moderately efficient, wide-range volt-
age doubler.Epn

the negative half of the line cycle.

As an example, the circuit can mon-
itor the duration of operating intervals
for a 240V-ac well pump, thereby giv-
ing an indirect measure of the amount
of water the well pumps and the ap-
proximate amount of power it con-
sumes. The one-wire master counter—
a Linux-based PC, for example—reads
the elapsed count once per minute.
Any change in the count from one
reading to the next indicates that the
pump is energized and running, and
you calculate the length of time in sec-
onds by simply taking the difference in
counter values divided by the line fre-
quency—=60 Hz, in this case. The time
in seconds equals the new count minus
the old count divided by 60 Hz.

The circuit can monitor a water
heater, a furnace, an air-conditioning
unit, or any other ac-connected load.
You may need to adjust the R and R,
values to accommodate line voltages
other than 240V ac or the character-
istics of other optoisolators. You can
also monitor two independent loads
by attaching a second optoisolator cir-
cuit to the Counter B input of a single

DS2423.epn

ily approach the cost of both switches
in the cascaded boost. You can also re-
alize similar advantages of the induc-
tors, rectifiers, and filter capacitors.
This Design Idea powers 24 white or
ultraviolet LEDs in series at approxi-
mately 20 mA. At a nominal 4.5V-
dc input, the measured efficiency is
84.2%. This figure is reasonable for a 2
to 2.5W converter. At a 3V-dc input,
the overall boost ratio for a noncascad-
ed converter is potentially more than
30-to-1, requiring an on-time duty
factor of approximately 97%. In a cas-
caded boost converter, this duty factor
is a function of the square root of the
total boost ratio. This ratio equates to
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Figure 1 Comprising off-the-shelf components, this circuit cascades two stages of boost to drive a string of 20 to 30 LEDs.

a maximum of about 82% just before
the occurrence of undervoltage shut-
down. At a normal 4.5V-dc input, the
duty factor should be slightly more
than 77%.

The circuit in Figure 1 implements
a cascaded boost converter, which
takes the place of the lens assembly in
a popular heavy-duty flashlight. It in-
cludes 24 white or ultraviolet LEDs on
one side of the circular PCB (printed-
circuit board) and the active circuitry
on the other. You can substitute red
LEDs for three or four of the ultravio-
let LEDs to offer an appropriate visible
backlight. Although you may prefer to
use a single high-powered white LED,
high-powered ultraviolet LEDs appear
to be unobtainable. This project uses
20 inexpensive LEDs offering 400 mW/
of optical power for 1.52W input at a
more useful 30° viewing angle. Its di-
rectional nature also helps prevent ac-

cidental eye damage. Ultraviolet-light
sources find use in many applications,
including gem inspection, currency in-
spection, and scorpion detection.

The PWM controller, IC,, an
LM3478, operates at voltages as low
as 3V dc, eliminating the need for a
charge pump. The transistors are rated
for less than 3V gate drive. IC, simul-
taneously drives Q, and Q,. The cir-
cuit requires only one controller and
uses off-the-shelf inductors. The first-
stage inductor and filter capacitor can
produce substantial ripple without ad-
versely affecting the final output rip-
ple. The first rectifier is an inexpen-
sive, 40V Schottky unit, and the sec-
ond is a simple signal diode rated for
120V.

IC, operates at a switching frequen-
cy of approximately 300 kHz, which
R, sets. The design uses a current-

1
mode-control scheme with slope com-

Dual transistor improves

current-sense circuit
Robert Zawislak, PE, Consultant, Palatine, IL

In multiple-output power sup-
plies in which a single supply
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powers circuitry of vastly different cur-
rent draws, two perplexing steps are

pensation. A signal from current-sense
resistor R, modulates slope compensa-
tion through R.. In this case, the value
of R, is small for enhanced efficiency.
R, sums the signal with the gate-drive
output to increase its apparent ampli-
tude by the current-sense input at Pin
1. R, and C; are the usual compen-
sation components. In this case, the
response time of the converter is un-
important, so it is easy to choose the
components.

It is easy to overlook the cascaded
boost converter without sufficiently
analyzing it. Mass-produced compo-
nents that suit their function afford
a more cost-effective and simple ap-
proach than you might realize at first.
An integrated flyback regulator can
easily require many components to
provide this kind of solution without
any real advantage. It is also likely to
require custom magnetics.EDN

sensing the current that each output
draws and deactivating the power sup-
ply in the event of an overload on that
output. These issues are especially im-
portant in protecting the fragile PCB
(printed-circuit-board) traces in low-
level circuits. A typical circuit would
use the base-emitter threshold volt-

<
iGOA



Industry’s Lowest Jitter Video Cable Equalizer

DS16EV5110 Enables Superior Picture Quality for 1080p Deep-Color Video Applications
and Extends HDMI and DVI Cable Reach Beyond 40 Meters

Clock = Clock + >
Data 0 + Data 0 = >
o (T T > To HD Display
Greater than 40m/DVI/HDMI or Data2 + Data2s >
Greater than 20m/ CAT5 Cable T T T
Boost Enable SMBus

=
-
=

Input signal after 40m
24 AWG DVI cable, 1.65 Gbps After DS16EV5110

DS16EV5110 Features
« Significantly extends reach of HDMI, DVI, and CAT5 cables Cable Reach
o Settable boost for optimal equalization 08 '.' ! :; 2.25.ths\
o Low total jitter: 0.13 Ul on 30m 24 AWG DVI cable o ,“/';'/,'/ 1';5 .

K E S
» Low power: 475 mW :' ,"’/,’I//f ’

5 )

o Clock channel LOS and output enable for power savings = 03 Unfqualize:/ 0.75 Ghps

- 1
o Serial Management Bus (SMBus) provides extra design flexibility % ! ;S ,"

. . . . ’ '
o Available in tiny 7 mm x 7 mm LLP-48 packaging Si 02 ',' ! /l '," s /
g 1
Ideal for use in HDMI, DVI, and CAT 5 cable extenders, switchers, 04 /
digital routers and switches, projectors, and high-definition displays R Equalized
P . ~____— Equalize

0 l2m==t —

T
=i ) 28 AWG DVI/HDMI Cable Length (m)

% “Designing Long-Reach Applications with
Q!_qg DVI HDMI and PCI Express Cable Standards”
‘- www.national.com/nationaltv
I Hosted by Bob Frase. |

r

For FREE samples, datasheets, and more information Nﬂ t tona l
on the DS16EV5110, contact us today at: Semiconductor

Or call: 1-800-272-9959 The Sight & Sound of Information

National Semiconductor Corporation, 2007. National Semiconductor, LR and Mare registered trademarks of National ductor Corp Al righes reserved.




designideas

age of approximately 0.6V of a bipolar
transistor to trigger the power-supply-
protection circuits. Although econom-
ical, the transistor’s threshold varies ex-
cessively over temperature; hence, the
protection level is unstable.

The circuit in Figure 1 essentially
eliminates the base-emitter-voltage
temperature-variation problem as the

derivation of the output voltage and as
a function of the load current. By using
dual bipolar devices in one case, the
manufacturer nearly perfectly matches
the two devices. Although this Design
Idea describes a positive power supply,
you can realize a similar negative-out-
put-supply current-sense circuit using
a dual NPN transistor in place of the

—_—
ILOAD

RSENSE
A

- t
POWER
SUPPLY

Figure 1 This simple two-transistor circuit provides a voltage output

proportional to the current through sense resistor R

SENSE’

dual PNP that the figure shows.

The following equations show the
derivation of the output voltage as a
function of the load current (referring
to Figure 1):

VBA+(ILOADXR§ENSE)+(I XRZ) _V :O
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Tiny Universal LED Driver Can Gradate, Blink or Turn On Nine

Individual LEDs with Minimal External Control —

Marty Merchant

Introduction

LEDs are the lighting workhorse of cell phones, MP3
players and diagnostic lights in telecom systems. Their
uses are many, from utilitarian backlighting to eye-catch-
ing aesthetic effects such as slowly pulsing multicolor
indicators. As device designers strive to differentiate
their products on the shelf, the number and complexity of
lighting effects grows. It would seem that each new effect
requires significant additional hardware, and/or complex
software, right? Actually, no, there is away to apply these
effects to a number of LEDs with only a single driver IC.

The LTC®3219 9-output universal LED (ULED) driver
can be programmed to individually gradate, blink or
turn on nine individual LEDs using internal logic and
circuitry to drive nine 6-bit DAC-controlled LED current
sources. Because the gradation and blinking features
are controlled internally, effects can be realized without
adding ICs, extensively tying up the 12C bus or filling
valuable memory space with complex programming
subroutines. Any feature on any OmAto 28mA output can
be configured to activate via the external enable (ENU)
pin or 12C interface.

The LTC3219 operates from a 2.9V to 5.5V input. The
charge pump provides upto 250mA output current, and to
optimize efficiency, itautomatically changes charge pump
mode to 1x, 1.5x or 2x depending on the output current
requirement. Any of these modes can also be forced.

Blinking and Gradation Modes

Each output can be set to blink each output with a 156ms
or a 625ms on time and a 1.25s or a 2.5s period. Blink
mode can be initiated and ended via the 12C interface or
using the ENU pin. Once blinking has been initiated, the
LED(s) continue to blink without any interaction from the
12C interface or the ENU pin. This allows the controlling
interface device to shutdown and save battery power
until needed.

The LTC3219 can gradually turn on, or gradually turn off
any number of the LED channels. The gradation ramps up

Design Note 422

from OmA to the programmed LED intensity with ramp
times of 240ms, 480ms or 960ms (likewise for turn off).
Like blinking mode, gradation mode can be implemented
via minimal 12C interaction or by the ENU pin as shown

in Figure 1.

)l

Figure 1. The LTC3219 Gradating an LED from OmA

to 28mA in 960ms. Prior to the Gradation Ramp, the
Gradation Timer, Up Bit and ULED Registers Are Set. A
Stop Bit on the Last I2C Write Starts the Gradation Ramp.
After the Gradation Ramp Has Finished, Gradation Is
Disabled with the LED Set at Full Intensity

Single IC Drives Cell Phone Backlight, New
Message/Missed Call/Battery Charger Indicator,
and RGB Function Select Button

The circuit in Figure 2 illustrates a flip cell phone lighting
circuit with four white LEDs for backlighting the keypad,
amulticolorindicator, and a function select button illumi-
nated by an RGB LED. The multicolor indicator consists
of a red and a green LED. The RGB LED provides full
color gamut, including white by varying its individual
LED intensities.

When the cell phone is powered on or flipped open, the
keypad and the function select button gradually illuminate
to an intensity set by the baseband controller and CPU
using the gradation feature of the LTC3219. The Function
Select button may also gradually change colors using the
gradation feature. After an idle period or during power
off, the LEDs gradually turn off using the gradation fea-

AT, LT, LTC and LTM are registered trademarks of Linear Technology Corporation.
All other trademarks are the property of their respective owners.
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Figure 3. Cell Phone with Backlighting, Vibrator Motor and Sound Controller

ture. When a call is missed, the baseband controller and
CPU set the multicolor indicator to blink red to indicate
a missed call or blink green if the caller left a message.
Once the multicolor indicator is blinking, the baseband
controller hands off control to the external enable pin and
shuts down to save battery power. The keypad and button
interface holds the ENU pin high until the cell phone user
takes action to turn off the blinking indicator.

Control for Cell Phone Backlight, Vibrator Motor
and Sound

Cell phones use various combinations of vibration, sound
andlighttoalertthe users ofanincoming call or message.
Figure 3 illustrates a cell phone with four backlighting
LEDs,avibrator motorandalogic controlled sound device.
A single logic pin, ENU, turns on all simultaneously.

If the vibrator motor requires more than 100mA, simply
gang-up the ULED outputs to provide enough current. A

Data Sheet Download

www.linear.com

small ceramic capacitor may be needed across the motor
terminals and between the ULED output pins and ground
to reduce inductive spikes and to prevent false dropout.

The speed and current in the motor is proportional to the
voltage across the motor, so the voltage across the motor
must be controlled in order to control the motor speed
and current. One voltage-control method is to connect
a shunt zener diode across the motor. Use a zener diode
that provides the desired voltage across the motor with
minimal zener current for maximum efficiency.

Conclusion

The LTC3219is a LED driver and charge pump which can
independently control nine outputs. Special features such
as gradation, blinking, and GPO modes require minimal
12C communication. The LTC3219 is an ideal device for
many applications that use multiple lighting, logic or
other current controlled devices.

For applications help,
call (408) 432-1900, Ext. 2364

Linear Technology Corporation
1630 McCarthy Bivd., Milpitas, CA 95035-7417
(408) 432-1900 ® FAX: (408) 434-0507 ® www.linear.com
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China’s design houses are

hina's independent-de-
sign-house business,
which has been critical

to the growth of indigenous
distributors and semiconduc-
tor manufacturers, is dying.

Although the perceived
threat to design engineers
worldwide from these indepen-
dent-design houses has been
tangible in the past couple of
years, the design-house busi-
ness model has run into seri-
ous competition from ODMs
(original-design manufactur-
ers), which combine design
with  manufacturing; OEMs
(original-equipment manufac-
turers), which are increasing
their in-house-design capacity;
and the overall consolidation
of the Chinese OEM market,
which is reducing demand for
design services.

Design houses still play a

highly visible—if shrinking—role
between Chinese OEMs and
their suppliers and distributors.
They provide design options
to OEMSs, and they purchase
semiconductors and compo-
nents from suppliers and dis-
tributors. In that role, they have
been especially important to
suppliers and distributors, be-
cause they make decisions
about which components de-
signers should include.

But their clout is diminish-
ing. OEMs have recently been
beefing up their in-house-de-
sign staffs, particularly in the

yChain

LINKING DESIGN AND RESOURCES

dying
smartphone market, in which
unique designs are critical.
Meanwhile, ODMs, such as
Taiwan's MTK (www.mtk.com.
tw), are creating turnkey de-
signs, chip sets, and software
for the booming Chinese hand-
set market. MTK won 40% of
China's domestic handset
market, according to industry
sources. Except for Xiamen-
based Amoi (www.amoi.com),
most Chinese handset manu-
facturers use MTK’s products
to speed their time to market.
Allthese developments have
cast a shadow over design
houses, which enjoyed 300%
profit margins in 2005. Two
years later, they are lucky to
get 16% profit margins, and, as
of 2007, many have shuttered
their businesses.
—by Amy Wang,
Contributing Editor

EUP URGES LIFE-CYCLE MANAGEMENT

The European Commission (http://ec.europa.
eu/index_en.htm) estimates that designers
determine more than 80% of all product-
related environmental impact during the plan-
ning phase and, for this reason, in 2005 pub-
lished the EuP (energy-using-products)-frame-
work directive. The directive, which aims to inte-
grate environmental considerations as early as
possible into the product-development process
through the use of ecodesign requirements,
came into force in August 2005, and EU
(European Union) member states had until Aug
11, 2007, to implement EuP into national law.
EuP looks at the entire life cycle of a prod-
uct—from design and manufacturing to use
and disposal—with an eye on saving energy. It
will require products to meet power-consump-

tion guidelines that the EU sets. It will further
force most manufacturers to do life-cycle as-
sessments for their products to determine the
environmental impact, including that from IC
design and wafer fabrication. At each phase of
an electronics product—from raw material to
end of life—manufacturers must assess con-
sumption of materials and energy, emissions
to air and water, pollution, expected waste, and
recycling.

The directive’s impact goes beyond the
electronics-supply chains of EU member
states. Expect China’s MII (Ministry of Informa-
tion Industry) to release six more regulations
in the second half of 2007 to tighten pollution
controls in its electronic-product-supply chain
in response to EuP—SD

PRODUCTION
ONTHERISEIN
SOUTHEASTASIA 2

Although China remains
king of contract manufactur-
ing with companies operat-
ing there generating an esti-
mated 52.4% of all contract-
manufacturing revenues,
Vietnam is among the next
locations emerging as hot
spots for contract manufac-
turing as production rises in
Southeast Asia.

Both iSuppli (www.isuppli.
com) and In-Stat (www.in
stat.com) have reported that
Asia will maintain its domi-
nance in the EMS/ODM
(electronics-manufactur-
ing-services/original-de-
sign-manufacturing) markets
for at least the next several
years, with China leading the
pack. In-Stat believes that
China will account for some
76% of the Asian EMS/
ODM market in 2011, a to-
tal-contract-electronics-man-
ufacturing market whose rev-
enue the research company
projects will grow in 2011 to
$281.8 billion.

However, both research
companies have high ex-
pectations for the Southeast
Asia region, whose revenue
iSuppli reports will climb
to $24.9 billion by 2011, a
nearly $9 billion increase
from $16.2 billion in 20086.
By 2011, Southeast Asia
will account for 7% of global
electronics-contract-manu-

o1Lno

facturing revenue, up from
6.3% in 2006, the company
predicts.—SD
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SWITCHES AND RELAYS

CMOS analog-switch series
has four selectable SPST switches

The Siliconix DG451 and DG454 quad SPST (single-pole/single-throw)
CMOS analog switches feature four selectable 44V SPST switches, each with

a 40} on-resistance and a 0.2() typical flatness. Requiring no logic-voltage pin, the
DG454 series eliminates the requirement for a 5V power supply for operation, does
not require a PCB (printed-circuit-board) trace for connecting the logic-voltage
pin, and requires no power-supply sequencing. The DG451 series provides a 15-uW
power dissipation. The switches feature =5 and ®£15V dual supplies, a 12V single
supply, 80-nsec turn-on switching speeds, 60-nsec turn-off switching speeds, and a
+15V analog-signal range. Available in TSSOP-16 or SOIC-16 packages, the Sili-
conix DG451 and DG454 cost $1.95 (1000).

Vishay Intertechnology, www.vishay.com

Controlled-load switch
combines slew-rate and

level-shift functions
N Supporting 12V operation, the
AAT4285  slew-rate-controlled
load switch integrates level-shift and
slew-rate functions in one device. Op-
erating over a 3 to 12.3V input range,
the P-channel MOSFET switch suits
high-side-load-switching applications.
The device maximizes load-switch pow-
er-handling capabilities with a 240-
m{) on-resistance at 12V, a 320-m{)
on-resistance at 5V, and a 25-pA qui-

escent current. The switch has a 100-
wsec load-switch turn-on time. The
AAT4285 costs 68 cents (1000).
Analogic Tech, www.analogictech.com

llluminated tactile switch
has a right-angle design
Available in multiple LED colors,
the illuminated TL1260 tactile
switch comes in a right-angle, through-
hole design. Features include a 50-

mA contact rating at 12V dc, 100-mV

contact resistance, 500V-ac dielectric

strength, and a 160-gf actuation force
+50 gf. Targeting telecommunications,
consumer-electronics, audio/visual, and
medical applications, the switch has a
50,000-cycle life expectancy. Available
in a —20 to +70°C temperature range,
the TL1260 costs 75 cents.

E-Switch, www.e-switch.com

Capacitive touch sensor
features a single-chip
control interface

Providing an intelligent single-

chip-controller interface that re-
sponds to a user’s touch, the QST108 ca-
pacitive touch sensor allows users to cre-
ate capacitive touchpanels with as many
as eight keys for product-user interfaces
using conventional or flexible PCBs
(printed-circuit boards). Sense elec-
trodes provide the option of PCB-layout
integration or printing using conductive
ink with flexibility in electrode sizes and
shapes. An electrode behind a noncon-
ductive front panel made of glass or plas-
tic allows detection of a finger touch. Re-
quired external components include one
sampling capacitor and one resistor per
channel. Driving as many as eight LEDs,
the sensor features PWM (pulse-width-
modulation) capabilities for driving a
beeper output or controlling LED bright-
ness. Debounced touch-detection results
are accessible using individual outputs or
through the I’C interface. Available in
an LQFP-32 package, the QST108 costs
$1.08 (10,000).
STMicroelectronics, www.st.com

Photomicrosensors
accurately detect
motion and position

) Available in a U-shaped housing,
the nonamplified EE-SX1 slot-

ted phototransistors feature an emitter
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and a detector for improved alignment
and aiming. The microminiature, trans-
missive photomicrosensors detect the
presence of an object without direct
contact, providing accurate detection
of motion and position. The devices
achieve high resolution using a 0.15- to
0.5-mm-wide aperture; an infrared LED

and phototransistor design provide long
life. An SMD version features a —30 to
+85°C operating range, a through-hole
version has a —25 to +85°C operating
range, and a panel-mount version has a
—20 to +70°C operating range. Avail-
able as small as 3X3X3.4 mm with slots
ranging from 1 to 5 mm, the EE-SX1

Mechanically Flexible
Architecture
- Power the way you need it

Accelerate your product's time-to-market with
the MFA350, the smallest 350 Watt power
supply designed to accommodate a multitude

of packaging and power options.

ee Universal AC and 48 VDC Inputs
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& Current Share

¢ Power Fail Detect, DC OK, Remote On/Oj

For more information or to request a Call now
Power Supply Guide 2007/08, call toll free: for your FREE
Power Supply
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T s 1 N P o w E R

www.Xxppower.com
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sells for 50 cents to $1.10 (10,000).
Omron Electronic Components LLC,
www.components.omron.com

MEMS-switch config-
urations operate in
the dc to 7-GHz range

Joining the vendor’s switch family,

the DPDT (double-pole/double-
throw) and the SP4T (single-pole/four-
throw) configuration in the dc to 7-GHz
switch-product line feature MEMS-
switch technol-
ogy. Configured
as two indepen-
dent SPDTs (sin-
gle-pole/double
throws), the
DPDT can han-
dle differential
signals or density improvements in mul-
tiswitch environments. Integrating four
independently controlled HFDA switch
elements, the SP4T suits signal mul-
tiplexing and use in applications with
high integration and low insertion loss
as critical parameters. The TT2214AD
and TT1414AD cost $59.50 each (sam-
ple quantities) and $32.25 (1000).
TeraVicta Technologies, www.
teravicta.com

TEST AND
MEASUREMENT

Digitizer improves
measurement throughput

Designed in a standard short-PCI-

card format, the Acqiris DP1400
high-speed digitizer combines data-con-
verter-ASIC technology with a high
level of component integration and
15W power consumption. The com-
pact design and integrated technology
target low power consumption, and a si-
multaneous multibuffer-acquisition and
-readout mode improves measurement
throughput. Suiting use in long or short
PCl-bus slots, the device aims at semi-
conductor-component-test, hard-disk-
drive-production-test, and industrial-



TEST AND MEASUREMENT

nondestructive-test applications. The
Acqiris DP1400 digitizer costs $9490.
Agilent Technologies, www.agilent.
com

Upgrade for vector-
signal generator includes
increased ARB memory

N Adding a series of enhancements

to the vendor’s Model 2910 RF
vector-signal generator, the Model 2910
Version 2.0 includes additional wireless-
signal-generation waveforms, a power-
calibration feature, and increased ARB
(arbitrary-waveform-generator) memory
for additional and larger waveforms. The
Model 2910 Version 2.0 costs $13,400,
an ARB option costs $3150, the flexible
digital-modulation option costs $3500,
and the GPS (global-positioning-system)
option costs $2500. A firmware upgrade
is free for Model 2910 unit owners.
Keithley Instruments, www.keithley.
com

Digital-data recorder
targets weapons- and jet'
engine-testing applications
\ Suiting recording applications in
weapons testing and jet-engine
testing, the compact, high-performance
DagScribe DDR-200 portable digital-
data recorder allows lower channel
counts to record at 10-MHz per chan-
nel. The data recorder configures with
either 32 channels of 24-bit ADC as
fast as 100 kHz per channel or 32 chan-
nels of 16-bit ADC as fast as 1 MHz per
channel. The 24-bit DDR-200-610-32
at 100 kHz per channel costs $29,995,
and the 16-bit DDR-200-645-32 at 800
kHz per channel costs $32,995.
GE Fanuc Embedded Systems, www.
gefanucembedded.com

PCI Express-based
AWG boards come

in 14-bit resolutions
The PCI Express based UF2-6030

series AWG (arbitrary-waveform-

of 125M samples/sec, the two-chan-
nel UF2e-6031 runs at 125M samples/
sec per channel, and the four-chan-
nel UF2e-6034 runs 125M samples/sec
over two channels or 60M samples/sec
maximum over four channels. The
UF2e-6030 costs $4190.

Strategic Test, www.strategic-test.com

generator) board come with one, two,
or four channels. Each channel has a
14-bit DAC, providing a synchronous
output and three fifth- and fourth-or-
der Butterworth lowpass-reconstruc-
tion filters with 25-MHz, 5-MHz, and
500-kHz bandwidths. The single-chan-

nel UF2e-6030 runs at a maximum

High temperature Peel-A-\Way Removable Terminal

Carriers save time and money by replacing hand loading

operations, and by making solder inspection faster

and easier. Available in standard designs, and easily

- customized with multiple terminal types and unique

+ footprints, low profile Peel-A-Way carriers maintain

$2 accurate spacing. Peel-A-Way terminal carriers can

be easily removed or left in place for added stability.
RoHS

about The Advanced® Difference in innovative Sg”;fgg“t

interconnect solutions.

/ \l
‘\ www.advanced.com A AnVANcEn

1-800-424-9850 N /. |NTERGONNECTIONS.

Visit www.advanced.com/peel to learn more
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Mobile-phone
camera includes
an antishake feature

Reducing image blurring, the 3M-

pixel MT9T111 camera-phone
image sensor has an on-chip antishake
feature. Developed on the vendor’s 1.75-
micron pixel process, the device features
JPEG compression and image processing
on one chip. The MT9T111’s cost rang-
es from $12 to $14 (10,000).
Micron Technology, www.micron.com

H.264 codec integrates
Ethernet MAC and exter-

nal flash-memory interface
The QL202B Main Profile H.264
codec operates as a stand-alone de-
vice, unlike its predecessor. Integrating
a 10/100-Mbps Ethernet MAC (media-

access controller) and an external flash-

memory interface, the device allows
switching from Main Profile to Baseline
H.264 compression for low-latency op-
eration. An integrated ARM processor
and an audio DSP cut component count
to an external DDR memory, a boot
flash, an Ethernet PHY (physical layer),
and power regulators. The QL202B con-
sumes just a few hundred megawatts of
power, meaning that designers can use
it to build a basic camera subsystem that
consumes less than 1.5W. The QL202B
costs $14.50 (10,000).

Qpixel Technology, www.gpixeltech.
com

Motor-control IC
operates in three modes

Targeting motor-control applica-
tions, the single-axis MC73110
40-kHz PWM (pulse-width-modulation)

waveform generator provides fully digital

AX-View Layout Viewer |

The world’s fastest GDSII viewer

is based upon MMI’s full-featured and

production-proven MAX Layout Editor.
Free until 06-14-08 ($8k list includes Calibre® interface)

Micrﬁagic, Inc.

o

4W:W’v:\‘l.micromagic.com/max-view.htmI
¥ phone: 408-414-7647 ext. 202
o ot

Actual screen capture using
the "View in 3D” display option

velocity and torque control of brushless-
dc motors. The device requires a MOS-
FET or an IGBT (insulated-gate-bipolar-
transistor) triple half-bridge for creating
a complete intelligent motor controller.
The generator operates in internal-ve-
locity profile mode, velocity mode with
an external command signal, and torque
mode with an external command signal.
Features include a software-programma-
ble, 10-kHz velocity loop with coder or
tachometer feedback, 20-kHz commuta-
tion and current loops, a six-step and si-
nusoidal commutation, an analog- or dig-
ital-command input, profile generation,
and a digital-current loop. The generator
can operate as a stand-alone intelligent-
motion IC or using serial commands as a
programmable axis controller. Addition-
al functions include current-loop com-
pensation, trajectory generation, com-
mutation, velocity loop, encoder input,
and Hall-sensor input. Available in a
PQFP-64 package with a 3.3V operating
voltage, the MC73110 costs $18.
Performance Motion Devices, www.
pmdcorp.com

Wireless audio device
targets digital-home-
theater surround sound

Allowing wireless streaming of

high-quality sound to two full-
range speakers and a subwoofer, the
MelodyWing SP wireless audio device
offers uncompressed, wire-equivalent
sound quality for home-theater sur-
round-sound systems. The Smart Chan-
nel feature automatically selects the
uncongested ISM (industrial/scientific/
medical) radio bands at 2.4 and 5 GHz
to avoid interference with other wireless
equipment. Supporting SPDIF (Sony/
Philips Digital Interface) and I*S stan-
dards, the device also provides support
for 24 bits per channel for stereo, as well
as 16-bit stereo, and a 90-dB dynamic
range. The device supports 20m distanc-
es for single-room applications with an
option to extend the range for custom



productroundup

INTEGRATED CIRCUITS

needs. Additional features include support for MP3, AAC (ad-
vanced-audio-coding), AC3, and DTS (digital-theater-sound)
modes. The MelodyWing SP comprises the SST11SCO3 trans-
mitter board and the SST11SC04 receiver board, selling for
$21.62 (10,000) each.

SST Communications, www.sst.com

10-GbE SERDES eliminates

the need for external filter capacitors
) The single-channel TLK1221 GbE (Gigabit Ethernet)
SERDES (serializer/deserializer) device supports a 10-
bit interface and complies with IEEE 802.3 GbE. Consuming
200 mW, the device suits EPONs (Ethernent passive-optical
networks), 10-GbE switches/routers, and wireless base sta-
tions. The device requires no external filter capacitors. Fea-
tures include full-duplex, point-to-point transmissions rang-
ing from 600 Mbps to 1.3 Gbps; a 2.5V supply voltage; 3.3V
tolerance on LVTTL (low-voltage-transistor-to-transistor-
logic) inputs; and hot-plug protection. Measuring 6X6 mm
and available in a QFN-40 package, the TLK1221 costs $3.25
(1000).
Texas Instruments, www.ticom

High-performance processor
targets QVGA portable devices

The VSP100 multicore chip targets devices incorpo-

rating high-quality video in QVGA portable devices
with screens smaller than 2.5 in. Based on the vendor’s ViViD
media-processing engine, the high-performance processor fea-
tures two customized VLIW (very-long-instruction-word) pro-
cessing cores for video processing and a RISC processor. Avail-
able in an SMIC 0.13-micron process, the VSP100 sells for $5
to $6 (10,000).
Vivace Semiconductor, www.vivacesemi.com

Eight-channel video decoder aims at

security and surveillance applications
Suiting video-security and high-capacity-DVR-surveil-
lance applications, the CX25850/1/3 multiport video-
decoder family provides eight channels for video decoding.
The CX25850 and CX25851 contain four high-quality, 10-bit
video decoders to convert analog-composite video to digital-
4:2:2 video in the form of CCIR 656. Supporting 16 direct
camera connections, the CX25853 contains eight of the same
high-quality, 10-bit video decoders. The CX25850, CX25851,
and CX25853 come in e TQFP-176, eLQFP-208, and eLQFP-
256 packages, respectively. The CX25850, CX25851, and
CX25853 cost $7, $8, and $12, respectively.
Conexant Systems, www.conexant.com
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TO THE POWER ARCHITECTURE
DEVELOPER CONFERENCE

Much of the activity in technical conferences
has shifted from industrywide events to users’
group gatherings focusing on particular
architectures. Power.org is no exception to
this trend, having quietly turned from a gath-
ering of suppliers and users of IBM's Power
microprocessor architecture to a substantial
industry organization. The group’s Developer
Conference, Sept 24 and 25 in Austin, TX, will
offer four keynotes—including what's bound
to be a showstopper by Cornell University
Associate Professor of Astronomy Jim Bell
showing images from the Mars Rover imag-
ing systems. The conference will also include
technical sessions on topics from embedded
computing to SOC (system-on-chip) design
with Power cores to multicore architectures
and virtualization in embedded applications.
This year, papers will discuss not only the
Power architecture, but also the IBM Cell
architecture, of Sony Playstation3 fame.

AT THE ANCESTORS
OF FLAT-PANEL DISPLAYS

Combining the principles of electroluminescence
and photoconductance, a new system produces
images on flat panels. The devices consist of flat
glass panels with thin control layers of photocon-
ductive and electroconductive materials. Sylvania
Electric Products engineers have produced labora-
tory units in 2- and 4-in. squares. One type is a flat
glass plate coated with horizontal conductive strips,
an electroluminescent layer, and vertical conductive
strips. A 2-in. square has 32 contacts horizontally
and 32 vertically. By applying ac power to any
horizontal and to any vertical contact, the material
at the intersection of the two strips becomes elec-
troluminescent. Thus, any one of 1024 squares can
be lit individually.

—Electrical Design News, August 1957

AROUND

AT WHAT IT MEANS TO BE MULTICORE

We have on our hands a word that is subtly shifting its definition. For Intel's marketing depart-
ment, “multicore” appears to mean two or several independent CPUs on one die, working

on independent tasks. In the embedded-system world, things become more complicated.
“Multicore” is starting to mean a moderately large number of processor cores—not necessarily
all the same—working in close concert to accomplish a mix of real-time and background tasks.
As computing loads and deadlines become more demanding, we will have to further decom-
pose the tasks into threads that can split among the processors. What started out as a way
around process limitations in the PC world has the potential to infect embedded computing
with an enormously complex new set of problems.
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SuperH Flash Microcontroller

B | peaches Speeds up to 160MHz

SuperH

Superscalar performance,

high-speed on-chip flash memory access, and much more

Renesas Technology

No.1* supplier of microcontrollers in the world

proudly introduces the SuperH family of superscalar flash devices.
With T60MHz superscalar performance, high-speed access to on-chip
flash memory and up to 200MHz CPU operation from SH-2A devices,
the SuperH family allows you to incorporate all of your brilliant ideas
into super high performance applications. The SuperH RISC engine
and the SH-2A core are establishing new performance standards in the
industry. The SH-2A core is geared towards systems that demand real-
time, high-precision control and require a combination of high
performance CPU and high-speed flash.

SuperH MCU Roadmap

— F*: Devices with FPU
FUE* : Devices with FPU, USB and Ethernet

HOT Products SH7211F

(R5F721 1 5D160FPV)

FPU (Select Devices)

pEEE
M_L@LEEI

PIPELINE

Multifunction Timer 1
MONOS FLASH ) (16-bit x 6ch)
(512KB) scala Multifunction Timer 2
(16-bit x 3ch)

: Compare Match Timer
RAM (32KB) Serial (4ch) (16-bit x 2¢h)

External Memory 2 ]
I Interface 1*C (1ch) ADC (12-bit x 8ch)

DMAC (8ch) WDT DAC (8-hit x 2ch)

Top Reasons to Select SuperH
Dhrystone MIPS at

* Superscalar Performance
- Two instructions are executed per cycle at 160MHz
- World’s fastest embedded FLASH with 12.5ns read
access time.
¢ Fast Real-Time Control
- Register-Banks enable 37.5nsec (6 cycles) interrupt
latency time.
¢ High Integration
- Large on-chip flash and on-chip RAM
- Advanced 16-bit PWM timers to drive two motors
simultaneously
- 1.25 usec 12-bit A/D conversion with 3 sample & hold circuits

*Source:Gartner Dataquest (April 2006) "2005 Worldwide Microcontroller Vendor Revenue" GJ06333

ilcy  Get Started Today -
REACH

FURTHER Register to qualify for a SuperH MCU Kit

www.america.renesas.com/ReachSH/a

Starter Kit for SH7211F:
ROK572115S000BE
USB Emulator:
HS0005KCU11H

RenesasTechnology Corp.

Everywhere you imagine. ] z E N ESAS




Embedded Systems

Capture the Power of ARM9 In
Flash STR9 Microcontrollers.

Ethernet, USB, CAN, DSP Plus Embedded Control... No Problem

Innovative products for multi-segment application systems
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It’s All Inside: STR9 MCUs minimize the need for external components and add

innovative features on the inside such as a 1uA real-time clock and a full-function "“Mg M'

. . . s . . .. . \ QU 6
§ystem §uperv150r. Rapid Transit: 96MHz operation, optimized internal dat.a and 4 96 Mz P o McU 9 ] u*’“
instruction paths, and 9 DMA channels ensure data moves where you want it, & s Lol
when you want it. No Crowded Spaces: Up to 96KB of SRAM and 544KB of EXUSB UART 1usk RTER Cd/
Flash memory accommodate complex applications, TCP/IP, real-time operating il st EaaBh

systems and multinational products.

[
Part ram| A/D Tlmer Functions Serial |
ar Su A
Pack pply
Number (KB) Inputs |( IC/OC m Interface ackage Voltage Special Features

STRO10FM32X 256 + 32 8x10-bit 40 (16) LQFP80 CAN
STRO10FW32X 256 + 32 64 8x10-bit oxSpI 80 (16) LQFP128  Core: CAN, EMI
STRO11FM42X 256 + 32 96 8x10-bit 7x16-bit RTC ~ 2xI2C 40 (16) LQFP80 1.8V UsB, CAN
STRO11FM44X 512 +32 96 8x10-bit (8,8,7) WDG 3xUART 40 (16) LQFPg0 [/0:2.7 USB, CAN
STRO12FW42X 256 + 32 96 8x10-bit w/IrDA 80 (16) LQFP128 © 3-8V Ethernet, USB, CAN, EMI
STRO12FW44X 512 + 32 96 8x10-bit 80 (16) LQFP128 Ethernet, USB, CAN, EMI

For further information, datasheets, and Order free samples online at:
application notes, visit WWW.Sst.com/str9 www.st.com Solutions @ Ky,

DEVICE AVAILABLE FROM THESE DISTRIBUTORS: ARROW e AVNET e DIGI-KEY e FUTURE ¢ MOUSER e Newark InOne ¢ NU-HORIZONS





