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Picture-Perfect
Ultrasound AFE

50% Smaller, 40% Less Noise, 20% Less Power

TI's new AFE5805 Analog Front End provides low power consumption (122mW/ch) and low noise
(0.85nV/¥Hz at 2 MHz, 20dB) in an ultra-small (15x9mm) BGA package. It is the first device in TI's new
AFES58xx family that integrates multiple high-performance analog components providing superiorimage
quality for a wide range of ultrasound equipment. That’s High-Performance Analog>>Your Way™.

Lowest noise for superior image quality

Competition
| |

12 |

AFE5805

Noise (nV/vHz)

04

Frequency (MHz)

www.ti.com/ultrasound 1.800.477.8924 ext. 14443
Get Samples and Evaluation Modules
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Hundreds-of thousands’

of parts in stock. Visit
www.digikey.com today Quality Electronic Components, Superior Service
to see how many!
Digi-Key Corporation purchases all product S
directly from its original manufacturer. www.digikey.com
1.800.344.4539

*New product added daily.
© 2008 Digi-Key Corporation 701 Brooks Ave. South ¢ Thief River Falls, MN 56701 « USA



Automotive Sensors

Circuit Protection Solutions
Magnetic Products
Microelectronic Modules
Panel Controls & Encoders
Precision Potentiometers

Resistive Products

Enter the New World of Bourns

The world of Bourns has grown. An expanding world focused

on exceeding our customers’ needs. New innovative products
and technologies. Expanded application solutions. Plus a
worldwide team of technical experts to facilitate the design
process and solve tough application problems. All provided to

help customers shorten design cycles
Q and achieve faster time-to-market.
% : At Bourns, we have grown to serve
’ “u% @ you better. Step in - explore the

new world of possibilities from

Bourns today:

www.bourns.com/newworld

© Bourns - the company you have relied on for more than 60 years.

BOURNS®

Built on Trust...Based on Innovation



SimpliciTI" — RF Made Easy

Network Protocol for Sub-1 GHz, 2.4 GHz and IEEE/802.15.4 RF ICs

High-Performance Analog>>Your Way™

Single-Device
SoC

r;quency " 94GHz 4 |;I'I o :
ange tE ow-rower 4 i ici
Modulation BIOpTEIAR) Solution Sé?fmfel

9.4 GHz F MSP4§_0 MCU

Standard

802.15.4 TI RF

Transceiver

SimpliciTl is a low-power RF protocol aimed at simple, small RF networks. This open-source software is an excellent
start for building a network with battery-operated devices using one of TI’s low-power RF SoCs or the MSP430
ultra-low-power MCU and a Tl RF transceiver. SimpliciTl network protocol supports alarm and security systems,
automatic meter reading, smoke detectors, home automation and active RFID applications.

SimpliciTl works with the following low-power RF devices and tools:

Product Description

CC1101 Sub-1 GHz, highly integrated, multi-channel RF transceiver designed for low-power wireless applications

CC111x Sub-1 GHz System-on-Chip with enhanced 8051 MCU, up to 32 kB programmable Flash memory and optional USB

CC2520 Second-generation 2.4 GHz RF transceiver for proprietary and ZigBee®/IEEE 802.15.4 RF ICs with state-of-the-art selectivity/co-existence,
excellent link budget, extended temperature range (—40°C to +125°C) and low-voltage operation

CC2430 2.4 GHz System-on-Chip specifically tailored for IEEE 802.15.4 and ZigBee applications. CC2430 comes in three
different flash versions, 8F, 16F and 32F, with 32/64/128 kB of Flash memory, respectively

€C2500 2.4 GHz RF transceiver designed for low-power wireless applications in the 2.4 GHz ISM band

CC251x 2.4 GHz, low-power System-on-Chip with integrated MCU, up to 32 kB Flash memory and optional full-speed integrated USB

eZ430-RF2500| USB stick-based development tool combining the ability of the ultra-low-power MSP430 with low-power RF transceiver in a single device

Development kits are available for all products.

www.ti.com/simpliciti 1.800.477.8924 ext. 4354
Download Software Today!
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“The communication challenge — greater power protection

without sacrificing valuable rack space.” ContrOI
the future

Welcome to a new era of power
distribution from E-T-A

A new solution developed to support the
growing demand in the communication industry

for greater power protection without sacrificing

valuable rack space.

Driven by the reality that a standard solution
does not exist, E-T-A introduces its new power
distribution solution with interchangeable breaker
modules allowing you to select the overcurrent
protection that your application requires.

With the ability to fit into any 19" or 23" rack,

the system achieves the highest Power-to-Volume
ratio in the industry to date in a 1U package —
with total load distribution up to 640A when
populated with E-T-A's 482 overcurrent

protection devices.

With E-T-A the future is loud and clear. |I|I|

[E=T=/A\

For more information on the 1U Power Distribution System: www.e-t-a.com/pdu Gircuit Protection & Control




We're changing
the face of memory.

Meet Numonyx™ A new company with a single focus—creating advanced memory solutions.
Built on the people and heritage of STMicroelectronics* and Intel; we deliver a complete range
of products including NOR, NAND, MCP including RAM, and PCM. By working closely with
customers to develop innovative memory technologies and services, our goal is to do more
than just help you bring products to market faster. It's to create a new experience in memory.

numonyx.com

numonyx

© 2008 Numonyx. All rights reserved. *Other brands and names are the property of their respective owners.



10-GbE in the
mainstream

10-GbE edges closer
to major product roll-
outs as silicon prices
and power consumption fall. But it
may be two years or more before
widespread deployments start
meeting demand. by Ann R Thryft,
Contributing Technical Editor

IDEAS

contents
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Buck-boost converters
change with the times

Buck-boost converters
provide voltages both
above and below the
input voltage. This feature is use-
ful if your design’s input voltage
changes drastically or if its load
voltage varies. by Paul Rako,
Technical Editor

EDN'’s 2007 Innovator
and Innovations
of the year

EDN'’s 18th Annual

Innovation Awards

ceremony has once
again recognized outstanding
individuals, team efforts, and great
ideas from the year past.

e [ ] Circuit and software provide accurate recalibration for baseline PIC
— LED, . . Q
; 2, microcontroller's internal oscillator
Mo
0QT1 PA1 & 10 ¢ . . . . .
e, Microcontroller moving-dot display interface uses three 1/0 lines
S
}ll ED, . . . . . .
;; Microcontroller displays multiple chart or oscilloscope timing ticks
. ouTs 1 4] ED,
g
F E"/ ® Fast-settling synchronous-PWM-DAC filter has almost no ripple
L I = Switched-gain op amp serves as phase detector or mixer
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Ultimate Performance ADCs

High Speed and Resolution with Buffered Inputs

High-Performance Analog>>Your Way™

e

80 0
-20 |
69 fiN1 = 59.8 MHz
7 - ADS5433: -
| | ADS5474: Two-Tone IMD, 7 dBFS leZ =60.2 MHz
70.0-dBFS SNR up to 200-MHz IF -40 — Ivp3 = -103.6 dBFS |
© «» 67/ (Input amplitude of —1 dBFS) 2
=] [ ]
2 g \| &
2 76 S S-60
= g K
” S R
77.8 dBc SINAD at 30-MHz IF g3 64-5-4BFS SR up to 500-MHz IF \ ]
| |77.4 dBc SINAD at 70-MHz IF (input amplitude of —1 dBFS) =3
SR ] | . sty
0 40 80 120 10 100 1000 120 0 10 20 30 40
Input Frequency-MHz Input Frequency-MHz Frequency-MHz

TI's portfolio of small-form factor, high impedance input, bipolar junction transistor ADCs deliver the highest
speed, resolution, dynamic performance and widest operational envelope in the industry. Whether you’re designing
for wideband communications, advanced avionics or test & measurement, Tl provides your design with the
performance characteristics required to win in the marketplace. That’s High-Performance Analog>> Your Way™.

Device | Description

ADS5483 | 16-hit, 135-MSPS ADC with high SNR, SFDR and SINAD up to 130-MHz input frequency, with 77.8 SINAD at 30 MHz and
77.4 SINAD at 70 MHz IF. Available in a9 mm x 9 mm QFN package. Pin-compatible with ADS5482 and ADS5481.

ADS5474 | 14-bit, 400-MSPS ADC provides typical SNR above 70 dBFS and SFDR greater than 80 dBc for input frequencies from DC to 200 MHz.
Available in a 14 mm x 14 mm HTQFP package. Pin-compatible with ADS5463, ADS5444 and ADS5440.

ADS5433 | 14-bit, 80-MSPS ADC optimized for spurious-free dynamic range with 91-dBc SFDR guaranteed for a 30-MHz input across the
I-temp range (—40°C to 85°C). Available ina 12 mm x 12 mm QFP package. Pin-compatible with ADS5423, ADS5424 and AD6644/45.

ADS5463 | 12-bit, 500-MSPS ADC offers high SNR and linearity with 10 ENOB through second Nyquist. Ideal for wide bandwidth, under
sampling applications. Available in a 14 mm x 14 mm HTQFP package. Pin-compatible with ADS5474, ADS5444 and ADS5440.

o 83382383123636085300  ESISUBBESEEBEBERIEE. )

www.ti.com/ads5474 1.800.477.8924 ext. 14453
Get samples and evaluation modules
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Small footprint value-priced scopes offer bigger
displays, deeper memory, bus debugging, and more

Receivers reinforce digital-display-interface
ecosystem

Processor supports capacitive touch sensing
for button and slider replacement

Research Update: Process makes silicon circuits
that can fold, bend, and stretch; Solid-state cooling

. device harnesses corona discharge; Active-matrix
RF screen coating saves space

display employs nanowire transistors
Rugged, high-voltage RF transistor uses vertical

process, yielding better gain

PRODUCT
ROUNDUP

DEPARTMENTS
& COLUMNS

EDN.comment: Be careful what you promise Connectors: Printed-circuit-board connector and

Signal Integrity: Scrape it contact series, windows-based design tools, and
RJ45 connectors

Supply Chain: Counterfeiting still a top concern

for distributors; Analog demand holds strong;

Greenpeace raises bar with energy criteria

Tales from the Cube: Watch those power leads!
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Circulation records are maintained at Reed Business Information, 8878 S Barrons Blvd, Highlands Ranch, CO 80129-2345. Telephone (303) 470-4445. POSTMASTER: Send address changes to EDN ®, PO Box 7500, Highlands
Ranch, CO 80163-7500. EDN® copyright 2008 by Reed Elsevier Inc. Rates for nonqualified subscriptions, including all issues: US, $165 one year; Canada, $226 one year, (includes 7% GST, GST#123397457); Mexico, $215
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a registered trademark of Reed Elsevier Properties Inc, used under license. A Reed Business Information Publication/Volume 53, Number 9 (Printed in USA).
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Il the right tools in your hand.

Wavedet® Oscilloscopes

LeCroy wave et 354 500 MHz Oscilloscope
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More tools. Better tools. The right tools.

The right tools make debugging

* Long Memory: 500 k/ch * USB Connectivity
faster and easier. The WaveJet 300

e Large 7.5" Color Display * Replay History Mode
* Compact Size, only 4" Deep

Series provides more tools and greater
performance than other compact
oscilloscopes in the 100 MHz

to 500 MHz range. mcroy
www.lecroy.com 1-800-5-LeCroy

* Frequency Counter
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Check out these Web-exclusive articles:

Interfacing high-speed data converters

There are many ways to present a signal

to a high-speed ADC. This article explains

the tradeoffs between baluns, transformers,

and op amps.
www.edn.com/article/CA6550773

Synplicity introduces secure IP flow for
FPGAs, signs ARM, Tensilica as partners
ReadylP initiative aims to provide simple
“try-before-you buy” access to IP for evalu-
ation and FPGA implementation.
www.edn.com/article/CA6551580

Group announces nonvolatile-memory

host-controller spec

The specification aims to speed adoption

of NAND flash in PC applications including

hard-disk caching and solid-state drives.
www.edn.com/article/CA6551696

IBM alliance touts early success for
32-nm high-k/metal gate technology
Circuits built using the technology perform
up to 35% better and consume 45% less
power than 45-nm process counterparts.
www.edn.com/article/CA6551281

NXP, ST combine wireless operations

for handset-focused joint venture

As part of the agreement, ST will take an

80% stake in the joint venture for which it

will pay NXP $1.65 billion.
www.edn.com/article/CA6550321

AMD: Time keeps on slippin, slippin’,
slippin’
The root of my concern is that AMD has
had to go the one-bad-core route at all, and
that the triple-core launch was so obviously
a last-minute reactive move versus a long-
planned proactive part of Phenom program.
www.edn.com/080501toc1

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

Heads and tails: Design RF amplifiers

for linearity and efficiency

Base stations and handsets need RF am-

plifiers with high linearity and efficiency.

With some clever techniques, designers

can align these mutually exclusive goals.
www.edn.com/article/CA6544734

Current source makes novel

Class A buffer

A pair of classic current sources in totem-

pole configuration enables a novel Class

A buffer.
www.edn.com/article/CA6544738

Honest energy: The danger low-power-

factor loads pose for the energy grid

As typical household products become

more sophisticated, the power factor of the

load they represent decays.
www.edn.com/article/CA6544740

Designing a split termination

If no suitable voltage source exists for a

relatively simple end-terminating structure,

then you have no choice: You must synthe-

size the Thevenin equivalent.
www.edn.com/article/CA6544741

Intel aims Atom at Internet

‘in your pocket’

Intel rolls out its Atom, the company’s small-

est and lowest power processor, which

contains 47 million transistors packed into

an area of less than 256-mm? and targets

pocket-sized mobile Internet devices.
www.edn.com/article/CAG547147

Red LEDs function as light sensors

You can build simple LED illuminators using

the red LED to sense ambient-light level.
www.edn.com/article/CA6541376

ENGINEER’S TRUE STORIES
Tales From The Cube, which appears on
the back page of every issue, has become
one of EDN's most popular sections be-
cause it features true engineering stories
as told by EEs. To catch up on any Tales
you might have missed—and learn how to
submit your own— please check out our
new Tales archive page.
www.edn.com/tales

FROM EDN’S BLOGS

Xilinx’s Gavrielov looks
into the future of FPGAs
From Practical Chip
Design, by Ron Wilson
You can almost detect be-
tween the lines that, as in
the advanced microproces-
sor world, scaling is slowing down for
FPGAs, and other issues are becom-
ing more important than just getting to
the next process node quickly.
=>www.edn.com/080501toc3

Greenpeace pressure on the
electronic supply chain:
helpful or hurtful?
Supply Chain Reaction,
by Suzanne Deffree,
What's to stop govern-
ments from adopting
stricter regulations brought
about by electronics companies or
from groups like Greenpeace pres-
suring the industry to be ever more
green? It's not like the powers that be
bother to do life-cycle assessments
before implementing these directives.
=>www.edn.com/080501toc4

MAY 1, 2008 | EDN
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EDN.COMMENT

BY RICK NELSON, EDITOR-IN-CHIEF

Be careful what you promise

n the current cartoon series on my Dilbert calendar, Dilbert is try-

ing to mount a marketing campaign with limited resources. He had

hoped to exploit the laziness of hapless engineer Wally, which would

seem to be counterproductive, and the attractiveness of a female col-
league, Yvonne, which would seem to be illegal.

In any event, things don’t work out for Dilbert. Yvonne convinc-

es him to do her work for her, Wally goes on leave, and Dilbert’s left

with just his wits and a pencil. (The pointy-haired boss has appropriated

Dilbert’s computer.)

[ would have recommended that
Dilbert simply write a press release
about his company’s “out-of-the-box
integrated end-to-end solution that
increases ... effectiveness.” But it turns
out that this claim could be problem-
atic. As reported in the April 8 Wall
Street Jowrnal, “SAP AG is being sued
for failing to deliver an ‘out-of-the-box
integrated end-to-end solution. ...”
Ben Worthen, the story’s author, states
“Amazingly, the meaning of these
buzzwords [is] at the heart of a claim
seeking more than $100 million.”

Now, marketing campaigns in
which it’s unclear whether the “solu-
tion” on offer is hardware, software,
both, or neither have often baffled and
annoyed me. And I wonder whether
an end-to-end solution would be pref-
erable to a beginning-to-end solution
and whether an out-of-the-box solu-
tion can truly push the envelope. I
also find paradigms perplexing, espe-
cially when they shift.

But buzzwords in our industry are
unavoidable, and it behooves the tar-
get of marketing messages—or the
trade-press editor through which mar-
keters often convey these messages—

| MAY 1, 2008

to try to determine exactly what a
marketer means. For my part, I would
expect any software solution—wheth-
er it’s part of a paradigm shift or not
and whether it’s located in the box
or out of the box or at the beginning,
middle, or end—to have “issues.” I'd
be hesitant to buy a solution or write

It’s notable that
the vagueness
of a phrase like
“out-of-the-box
solution” could
lead to litigation.

D9

about one in the pages of EDN, with-
out further investigation.

[ have no opinion about the merits
of the suit against SAP, in which the
plaintiff, Waste Management Inc, ar-
gues that SAP delivered an “undevel-
oped, untested, and defective” product
instead of “a mature ‘out-of-the-box’
solution with the functionality and
scalability necessary to meet Waste
Management’s specific business re-
quirements and transaction volumes.”
But it’s notable that the vagueness of a
phrase like “out-of-the-box solution”
could lead to litigation.

Being too specific can also get busi-
ness people in trouble. In an opin-
ion piece titled “Making Business a
Crime” in the April 9 Wall Street Jour-
nal, criminal-defense lawyer Harvey
Silverglate cites statements issued by
Bear Sterns, including one to the ef-
fect that “balance sheet, liquidity, and
capital remain strong.”

I'm not a banker, but that state-
ment seems clear enough to me. It also
turned out to be too optimistic, and,
writes Silverglate, “The Department
of Justice has reportedly launched a
criminal investigation into these pub-
lic statements, just as they have done
in recent years to other professionals
who have engaged in seemingly rou-
tine requirements of their job.” Per-
haps Bear should have announced an
“out-of-the-box integrated end-to-end
solution that increases ... liquidity.”

If there’s a lesson in all these pro-
ceedings, it’s: Be clear, but be accu-
rate. And, as Worthen at the WSJ
points out, we might end up with a
legal definition of “integrated end-to-
end out-of-the-box solution.”Ebn

Contact me at rnelson@reedbusiness.
com.

AT EDN.COM >

Go fo www.edn.com/080501ed
and click on Feedback Loop fo post
a comment on this column.
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Backplane Systems
with All the Options

Choose from the widest
array of available features.

Only Molex offers a full range of fast
and versatile backplane connector
solutions. For traditional backplane
projects that require higher channel
performance headroom, choose our
new Impact™ System, which features
best-in-class speeds up to 20+ Gbps. Or,
when versatility and durability are what
you're after, our GbX I-Trac™ System
offers traditional and orthogonal
capabilities at speeds up to 12+ Gbps.

The Impact System features:

e Data rates up to 20+ Gbps

¢ Broad-edge coupling and
hybrid shielding

¢ IEEE 10GBASE-KR and OIF stat eye
compliant channel performance

e Differential pair density up to
80 pairs per linear inch

¢ Integrated guidance and keying

e Right angle, vertical, coplanar,
mezzanine and power solutions

The GbX I-Trac System features:

¢ Data rates up to 12+ Gbps

¢ Broadside coupled, open
pin-field design

www.molex.com/product/backplane.html

¢ IEEE 10GBASE-KR and OIF stat eye
compliant channel performance

¢ Differential pair density up to
69 pairs per linear inch

e Integrated guidance and keying

e Orthogonal, right angle, vertical,
coplanar and power solutions

For the options you need, count on the

frontrunner in backplane solutions.
Visit the Molex website to learn more.

molex

one company » a world of innovation



First-Pass System Success, [def,,
Engineering] The accurate prediction of
the behavior of a high-performance
electronic product design before
committing to hardware.

At Ansoft, we are committed to delivering
design and analysis software to achieve
First-Pass System Success. We deliver
the power you need to solve the
fundamental physics accurately and
quickly and to use these correct :
models at the circuit and system &
levels to precisely predict the ‘
performance of your design. By
leveraging our industry leading
electromagnetic field simulators
dynamically linked to our next-
generation circuit and system
tools, Ansoft has taken high-
performance electronic design to a
new level of accuracy, speed and
precision. We deliver the
capabilities you need to balance
high-speed, low power, high
density and process variability

to get your product to market
faster, at lower-cost and

with higher performance.

Contact us, we will be happy

to show you how to achieve
First-Pass System Success.

ANSOFT

ANSOFT.COM
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Found it?
Solved it!

Sl, Pl and EMC solutions
from SimLab

Don’t waste time; quickly find
your SI, Pl and EMC problems with
EMBoardCheck. Simply custom-
ize EMC rules developed by IBM®
experts and locate violations in

EMBoardCheck™
PCBMod™

minutes. With PCBMod™ analyse
entire board systems, with PCB,
cable and connector.

Find your answers to EMC issues
with SimLab software solutions.

U SimLab

SimLab Software GmbH
www.simlab-emc.com
info@simlab.de




EDN’s 18th Annual
INNOVATION
AWARDS

-We’ve announced the

'WINNERS!

EDN s 18th Annual Innovation Award
winners were honored on April 14th
in San Jose, California

For a complete list of the 2007 Innovations
and Innovator of the Year, go to

www.EDN.com/Innovation18

Presented by:

Sponsored by:

S=AVNET SN N2 s

rambus. TVINSTRUMENTS




AUTOMOTIVE
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4th Edition April 2008

Comprehensive product portfolio fits all
analog/mixed-signal automotive needs

Maxim provides a wide array of solutions for automotive applications specific to infotainment, driver assistance,
body electronics, comfort, safety, lighting, and hybrid battery measurement.

Our high-performance, analog/mixed-signal ICs include multiple output switching regulators with load-dump
protection; rugged drivers for vacuum-fluorescent displays (VFDs), active-matrix thinfilm transistor (TFT) displays, and
LCD/high-brightness (HB) LED displays; hall-effect sensor interfaces; contact monitors; and also a complete lineup of
wireless ICs from high-range RKE transceivers to complete digital broadcast tuners.

Instrument clusters Heads-up displays [ pmieNgT Radio head units

\_
Se

Navigation

\, el

Power management ........ccccceeeeeeeee2  Video 19
LED displays and backlighting ........8 ~ LVDS 21
Analog/interface ......ccccossseeecueene. 12 RKE/TPMS 23
Current sense 15  HFRF 24
Battery monitoring ........ccceeeeeeee. 16 Oscillators /modulators..............29
Sensor 17 Quality programs .........ccceeecueeec 31
Audio 19

www.maxim-ic.com/Avuto

The Maxim logo is a registered trademark of Maxim Integrated Products, Inc. © 2008 Maxim Integrated Products, Inc. All rights reserved.
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#=" 2,2MHz, dual-output switching
regulators with 80V loud-dump protection

The MAX5098A* MAX5099* are designed to operate outside the AM radio band, making them suitable
for radio head units and instrument clusters.

Protection circuitry limits high-voltage
transients for continuous operation High switching frequency
\ allows small passives

BATF
4.5VT0 19V

T
L
T =

IN_HIGH GATE V+ DRAINT  DRAIN2

— onjoFF SOURCET 0UT1 (2A)
— swne % % |
MNAXI/ Configurable as
— e MAX5098A* — boost or buck
Enable and power
good for monitoring —| PaooD_ SOURCE2 % ' ' ' _—,T_>OUT2(1A)
and sequencing

Small, 36V input, 10W output step-

downs have low 90pA supply current
Simple controllers fit in pMAX package and are 95% efficient

INPUT _
4.5V 70 36V
4.7uF % "
= W Ty ] 5o BXT
OUTPUT
AKXV 3.3V OR 5V (MAX1744)
MAX1744 1.25V TU0P1T8(\)I1(0MWI-\X1745)
MAX1745
oy v v S
GND
=
® 4.5V to 36V input e 1.25V to 18V output (MAX1745)
® Drives low-cost p-channel switch * Fixed 3.3V or 5V output (MAX1744)
* Only 90pA quiescent supply current e Small, 10-pin pMAX package
* Up to 95% efficiency e EV kit available to speed designs

pMAX is a registered trademark of Maxim Integrated Products, Inc.
*Future product—contact faciory for availability.
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Smallest six-output PMIC has 92%

efficiency

Highly configurable for your point-of-load automotive applications

Integrates six outputs into one IC

INPUT seroon

o Small 4mm x 4mm, 24-pin TQFN 26V T05.50 4 .

® 4MHz step-down DC-DC uses 1pH inductor »—] pwron S

* Internal synchronous rectifier for up to INDIVIDUAL ) —— B2 =

92% efﬁden(y ENABLING ] B N/ L

® 45pVrms low-noise LDOs 1™  MAX8621 o3

® Pin-selectable LDO output voltages I 1004

* Internal soft-start for no inrush current L0 - RESET
VOLTAGE {

SELECT »—— SEL2 DR

CORE  06VT033V

500mA

1/0 0.6V T03.3V

500mA

MEMORY 300mA

ANALOG 300mA

RF1

150mA

RF2 150mA

—»  RESET

L 5 KEYBOARD

LEDs

=

Highly integrated, 250mA LDO operates
seamlessly from 3.5V cold crank to 80V

IYYY L

u

® 4V to 72V input-voltage range DS X
. INPUT . o Jdn "

° f);u(:lrr(:ltl;:‘eei(ll1 o:il!)vuoll t(:Iw:: ri::l:e NTOTV % % s

P g 9 I = = MAX5092A

® 60pA (typ) quiescent supply
current, 12pA shutdown

e -40°C to +125°C operating
temperature range

® 5mm x 5mm, 16-pin TQFN
package dissipates 2.7W

Vour

RESET :

QUTPUT

ENABLE

<

BSOUT

PGND_BST

BSFB

Includes
boost
preregulator

7V OUTPUT

HOLD
OUT_SENSE
ouT

PGND_LDO

SET

*Needs external components.

AKXV
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50mA, 10pA 1q, automotive LDOs are
best choice for always-on applications

The MAX15006/MAX15007 automotive LDOs integrate a high-voltage, p-channel MOS pass transistor
provide low 10pA quiescent current and low-dropout operation from 4V cold crank to 40V load dump.

Smallest size with lowest quiescent current

NI/
MAX15006
MAX15007 33V OR5V
OUT  AT50mA
Jil_ 1 Cour
( T > T 2o
HIGH-
VOLTAGE
pMOS
TRANSISTOR

COMPETITOR
A

COMPETITOR
B

N AXIWV
MAX15006 <
MAX15007

A

A

T0-252

6.6mm x 9.7mm
)0 =6°C/W

8-S0

.

b 1
» 3
|l

5mm x 6mm
8, =45°C/W

8-S0-EP

5mm x 6mm
8)c=7°C/W

6-TDFN-EP

3mm x 3mm
8)c= 8i5°C/W

8-MSOP

O

3mm x 5mm
8)c=16°C/W

10 15

20

25

QUIESCENT CURRENT (pA)

e Wide operating input-voltage range
(4V to 40V)

* Guaranteed 50mA output current

® Low quiescent current: 10pA (no load) and

90pA (full load)

e Operates through cold-crank conditions
e Withstands 45V load dump

Low-lq automotive linear regulators

e Low 300mV dropout voltage
(MAX15006B/MAX15007B)

e Stable operation with tiny 2.2pF output capacitor
e Enable input (MAX15007)
® Preset 3.3V and 5V output voltages

® Thermal and short-circuit protection
o Ideal for TPMS, RKE, and car alarms

Y

Part lg Input Voltage Output Voltage Output Current Package
(uR) (V) (V) (mA) (mm x mm)
MAX15006 10 (no load), 90 (full load) 410 40 33o0rb 50 6-TDFN (3 x 3), 8-SO
MAX15007 10 (no load), 90 (full load) 40 40 330r5 50 6-TDFN (3 x 3), 8-SO
MAX5086 70 (no load), 13 (shutdown) 3.30r5 (preset), 2.5 to 11 (ad)) 250 16-/56-TQFN
MAX5087 70 (no load), 11 (shutdown) 6.5 10 65 3.30r5 (preset), 2.5 to 11 (ad)) 400 16-/56-TQFN
MAX5023/MAX5024 60 (no load) 3.30r5,2510 11 (adj, MAX5024) 150 8-S0-EP
MAX5084/MAX5085 50 3.30r 5 (preset), 2.54 to 11 (adj) 200 6-TQFN (3 x 3)

AXIMN



Z\‘/“i 72V, 100mA avitomotive LDOs with
integrated reset and watchdog timer
consume only 30pA

Low 30pA quiescent current and thermally enhanced packages make
these regulators ideal for always-on automotive modules

Wide operating range (4V to 72V) allows

Fixed 5, 3.3, 2.5, and 1.8V

operation during cold crank and
protection during load-dump conditions

output, or adjust output

with set input

\

T|ME8$ _T T Consumes 50% less
*—o IN - 7 power and is 70%
W+ _T_ - i ¢ ™0 smaller than the
BATTERY % g; Y; Wi 0 uP o] xowm | LIN competition
ENABLE RESET RESET
/N AKX \L
MAX6774 A w7 7

Reset output with
fixed/adjustable
reset timeout

Thermally enhanced
package dissipates

¢ +1.5% output accuracy

* 1.8V to 11V adjustable output
e Enable and hold inputs

® Internal watchdog timer

1.9W at +70°C

e Output overvoltage protection with
sink feature

® Thermal and short-circuit protection
* Fully specified from -40°C to +125°C

Part Output Voltage RESET OQutput Additional Features
MAX6765/MAX6766 Fixed —
MAX6767/MAX6768 Hold input
MAX6769/MAX6770 ) i Open drain/push-pull Adjustable reset input
MAX6771/MAX6772 Fixed/adjustable Dual enables
MAX6773/MAX6774 Watchdog timer

AKXV




72V switch controllers provide robust
overvoltage/undervoltage protection

High integration ensures reliability, saves power, and reduces board
space compared to discrete solutions

OVERVOLTAGE/UNDERVOLTAGE

MONITORING VOLTAGE LIMITER
Out disconnects OVERVOLTAGE LEVEL |
during N~ \UNDERVOLTAGE LEVEL o iy MN—
undervoltage (UV) |\\\._... " .. S\ Rlliasr el g (ovom
: = Switch regulates
A1 O PR O M SR O output during
OFF overvoltage
Out disconnects L y conditions
during ouT
overvoltage (OV) (10¥/01)

10ms/DIV

Gate charge pump
enhances nMOSFET; 100mA
pulldown for fast shutoff

MAX6499 allows use of
a lower input voltage
DC-DC to reduce

during overvoltage conditions

N AXIV

system cost

\

MAX5073
Viy »—_l IN . ouT
55VT0 72V DC-DC
1
IN GATE  OUTFB
SHDN
WS UVSET Pg 7’8
E\?a‘\\a\\\e MAXIM loag. - lronj, ”;’rean,
3 MAX6499 "0 Congy™
OVSET long
CLEAR  GND
L4
A4
Part Features
MAX6397/MAX6398 Overvoltage protection, 100mA always-on regulator (MAX6397)
MAX6399 Overvoltage/undervoltage monitoring with POK indicator
MAX6495/MAX6496 Small, 6-pin overvoltage protection circuit
MAX6497/MAX6498/MAX6499 | Overvoltage/undervoltage monitoring, POK indicator, overvoltage latch, window monitoring
MAX16010-MAX16014 Window monitoring, output-disable feature, p-channel comparator options

AXIMN



z§°-l“, Low-noise, 5.5Vy, 500mA LDO in a

tiny, 2mm x 2mm TDFN package

e Guaranteed 500mA output current

* +1.5% output accuracy over load,
line, and temperature

® 16pVgrms output noise at 10Hz to 100kHz
¢ 92dB PSRR at 5kHz
® 100mV (max) dropout at 500mA load

e 1.7V to 5.5V input-voltage range, ideal
for secondary supplies

e 80pA operating supply current with < 1pA
shutdown supply current

® 2mm x 2mm x 0.8mm TDFN package

INPUT
1.7VT0 5.5V

OUTPUT

4.6V

o—| I ouT . *
10pF l —T_O‘OMF lpr
—;l_ BYP ——,_ —;l_
ON
—|_0FF— EN 0uTS
/N AKX/
MAX8902A
SELA $EL8
CEP GND
—

High-voltage flyback/SEPIC/hoost
converter is ideal for automotive VFDs

Vianope =110V

\n\egra\ed ]
overvoitage pro\ec\;on
prevents damag
to VFDs

Vanone

-

e Wide, 4.5V to 40V operating range

e Operates down to 2.5V for
cold-crank startup in bootstrap

¢ +1% accurate reference

e Low 10pA shutdown current reduces
dark current

e +5% accurate current-limit threshold
allows use of smaller MOSFETs

AKXV

IN Voo

ON/OFF out

oVl cs

MAXI/N
MAX15004
MAX15005  peno

ILim
SYNC
COMP

L

Vi =60V

=

VELamenTs = 3V

VEILAMENT-




TFT-LCD DC-DC converter with op amps
offers the smallest solution

The MAX8795A DC-DC converter includes: a high-performance step-up regulator; two linear-regulator
controllers; a logic-controlled, high-voltage switch with adjustable delay; and five high-current op amps for active-
matrix TFT LCDs. This high level of integration enables the smallest solution for GPS and automotive entertainment
applications.

Designed to drive the LCD backplane and/or the gamma-orrection divider string, the integrated high-performance
op amps feature a high +130mA output current, fast 45V /ps slew rate, wide 20MHz bandwidth, and railto-rail inputs
and outputs.

Wide input- Integrated
voltage range boost switch
Viy = 2.6V to 6V
Vin —pf
\\ Rear-seat entertainment
STEP-UP _| VANALOG
CONTROLLER I
V4
1l
[~ =
E
Sm
b © LCD PANEL
[X]
= s
VCOM and 2 !
gamma huffers

MAXIM ’7 G_”E;,gg'"; i
MAX8795A VGONXTZ—‘
|
GATE ON/OFF VeorF
CONTFiOLLER _\ l
L
* 1.2MHz current-mode step-up regulator e High-performance op amps
* Fast transient response e +130mA output short-circuit current
* High +1.5% output-voltage accuracy ® 45V /ps slew rate
© Built-in 20V, 2.4A n-channel MOSFET e 20MHz, -3dB bandwidth
e Linear-regulator controllers for Vgon and Vgors ® Rail-to-rail inputs /outputs
* Timer-delay favlt latch for all regulator outputs * Logic-controlled, high-voltage switch

e Thermal-overload protection with adjustable delay

AXIMN




Robust high-brightness LED drivers for
all automotive lighting applications

Superior efficiency, flexibility, and ease of use

e Up to 150W; > 94% efficient; buck,
boost, or buck-boost; thermal shut-
down and overvoltage protection

MAX16812

® 5.5V to 76V operation; compact; PWM/
linear dimming; thermal shutdown

MAX16816/MAX16831

e High-power buck, boost, or buck-hoost;
programmable LED current simplifies

design
- ~
W
o
4 )

Widest dimming range
Display backlighting
MAX16807-MAX16810

® Drive 8 to 16 channels; boost or SEPIC modes;
5000:1 dimming range

MAX16826
® |2C-programmable LED current simplifies designs;

shorted-LED detection; boost-voltage optimization

- J

*Future product—contact factory for availability.

AKXV

od OV,
Front lights, DRL w\\\\i‘\:“i‘\‘:\‘, :f\‘l': .
MAX16821 and © ps VP shot
te ondition®

Simple to use
Interior lights
MAX16803
e Compact; up to 350mA; low EMI
MAX16804

* PWM/theater dimming; no
microcontroller required; low EMI
MAX16805/MAX16806

® Programmable for LED binning,
eases manufacturing

Tail lamps, CHMSL, sidelights
MAX16823

® Three channels; independent dimming;
shorted-LED and open-LED detection

MAX16824

150mA/ channel
MAX16800/MAX16815/MAX16828

e Compact; 350mA/100mA/200mA
output; single resistor adjusts current

-

o Three channels; independent dimming;

J




4-channel LED driver has voltage
monitoring

Programmable current optimizes efficiency and eliminates bhinning

White/mono, RGB, or
RGB + amber

configurations
D1

SVT0 24V >4

Boost or SEPIC for
maximum flexibility

55 55 55 55 55 55
55 55 55 55 55 55
5555 55 55 55 55
5555 55 55 55 55

GND

LED open
PWM input for and sh_ort
each channel N DL Vos FB Q2 detection
ovp —
DIM1 SNS
DIM2 | DIMMING DR4
pIM3 (* INPUTS DR3
k3 DR2 12¢c-
MAXIM DRI R9 R10 R11 R12 rogrammable
MAX16826™ prog
SDA DLt LED current
SCL} 12 INTERFACE oSt
DL2
CS2
12C interface EUG DL3
for optimizing Cs3
boost voltage DL4
CS4
RICT CSS REF Ve GND  PGND
J7 J7 \/

GND GND GND

Flexibility Efficiency
® 4.75V to 24V operating voltage range * Detects and adjusts LED voltage
® Boost or SEPIC topologies e Very low, < 20pA standby current
e Wide output voltage range Robustness
e 20kHz to 1MHz switching frequency e Withstands 40V load dump
Precise color and dimming control o External MOSFETs for thermal management
® Drive all white/mono, RGB, or RGB + amber Applications

configurations * Navigation display backlighting

* Individual PWM inputs e Automotive entertainment display

e Automotive indicator panels

*Future product—contact factory for availability.
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High-voltage, high-powered LED drivers
simplify dimming

Integrated high-side, n-channel FET drivers provide wide dimming range
for automotive lighting

Differential sensing for
simple, accurate
LED-current control

Vin 7

/ 2 Iiﬁ‘

= Current-mode
control

TV L !
5.5V to 76V V¢ range
meets load-dump T _._
v

requirements oo CS- CS+ DGT g;

UVEN DRV 4‘
MAXIMN

MAX16616

DIM MAX16831 SN+
PWM dimming through
analog or PWM signal J]%

RTSYNC ov

® 100mV high-side, differential LED current sense  ® Programmable soft-start (MAX16816)

for high efficiency * Programmable dimming edge control (MAX16816)
® 200mV peak current-mode-control reference o Ideal for high-beam /low-beam /turn lights, RCL,
® Boost, buck-hoost, buck, or SEPIC topologies DRL, and fog lights

e Nonvolatile LED current adjust (MAX16816)

MAXIMV "



Highest integration LED driver is ideal
for automotive applications

High-voltage, 3-channel linear driver with open-LED detection

e Adjustable constant LED current
(up to 70mA, 2A with external BJT)

® +5% LED current accuracy
® 45V load-dump protection
e Open-LED detection active during dimming

e Linear drive and wave-shaped dimming
minimize EMI

® Independent LED-string current adjustment
e Operates from -40°C to +125°C

® 16-pin TSSOP/TQFN package

e EV kit available

e Applications
e Automotive lighting (RCL, CHMSL, RGB
ambient)
e Warning lights
® LCD panel backlighting

5.5V T0 40V

T

out

0uT2

0UT3

WAXI/

DIM1

DIM2

DIM3

MAX16823

REG

CS1+

CS2+

LEDGOOD

CS3+

NN
* s | NN
34v !
— Y\ f“
;l; 1 LEDs
NN
R LEDs
NN

Industry’s smallest and most accurate
sequencing and monitoring solutions

Ideal for low-power, space-constrained automotive applications

" . 33V . 1.8V . 0.9V
DC-DC : DC-DC : DC-DC :
ENABLE | ENABLE | ENABLE
ENABLE Ve ENABLE Ve 28V-1ol A
-toleran
MAXI/WN /MNAXI/ open-drain
. MAX6897 MAX6897 output
Resistors N ouT ! N ouT P
set trip
thresholds
R N Capacitor sets
ey Y 1 timing delay
T T
Part Push-Pull Push-Pull Open-Drain | Open-Drain Enable
out ouT out ouT Delay
MAX6895A/P 4
MAX6896A/P v . .
VAXGESTAP 7 Capacitor adj/1us
MAX6898A/P v

AXIMN



>34~ +80V fault-protected, high-speed
automotive CAN transceiver

Fully compliant to the ISO 11898-2 standard, the MAX13041 provides the industry’s most robust protection, as
well as advanced power management. This device reduces the standby current of ECUs in automotive applications
that require a CAN interface.

Up to 76V
operating voltage CLAMP-30 BATTERY

T

!

VReg

ON/OFF

i 5V
=80V fault
protection
SENSOR > =
. o /mMMAXIA
H <>
-0 MAX13041 CANBUS
ACTUATOR - _ CONTROL | HIGH-SPEED CAN ¢ - A

" TRANSCEIVER

+12kV (HBM)
| ESD protection

ECU

Features Applications

e Low, 18pA (typ), Vpar supply current in ® 12V automotive clamp-30 modules
standby and sleep modes ® 42V automotive clamp-30 modules

e Voltage-level translation for interfacing o 24V midheavy truck clamp-30 modules

with 2.8V to 5.5V CAN protocol controllers
® Recessive hus stabilization (Vspy1)
e Allows implementation of large networks
* Direct upgrade to Philips® TJA1041
* 150 11898-2 compliant

e Military and commercial aircraft

Philips is a registered frademark of Philips Corp.

AKXV




Monitor eight remote switches while
consuming only 37pA

The MAX13037/MAX13038 automotive contact monitor and level shifters are the ideal choice for remote
mechanical switch monitoring in harsh automotive environments such as body-controller applications requiring 5V or

3.3V operation.
37pA (typ) supply
IS current in scan mode

6V to 26V
supply range; J‘J > 1+
42V load dump T
T ||
® 50mA VR

P el

g ::: S % %g WAKE-UP = INT

Il oy
'_| |J E 5= c
« p
0—| I—T E SPI™ <> SPl
- |j N1 INTERFACE
[

o MAXILMN
L MAX13037
- MAX13038
BODY CONTROL MODULE ECU Exposed pad
Features Applications
* 150mA LDO with an output Vggg of 5V ® Electric sunroofs
(MAX13037) or 3.3V (MAX13038) e Other control ECUs

e Watchdog and POR functions

* Configurable ground /battery-connected switches
* No reverse-current flow on switch inputs

* Programmable wetting current up to 50mA

® Programmable switching hysteresis levels

e SPI-compatible interface

* Body computers
e Window lifters
e Seat movers

SPl is a trademark of Motorola, Inc.
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Amplifier and comparator solutions for
-45°C to +125°C automotive operation

Electronic

power steering Sunroof control

Seat-control
modules

Window lifters/power-

Infotainment door modules

Power
. mirrors
Engine-control
module
Transmission Tire-pressure ABS and
control/gearbox monitoring stability
Operational amplifiers
No. of Rail-to-Rail Supply-Voltage | Supply Current GBWP
5] Amps Input or Output Range (V) per Amp (mA) (MHz) FEEEE
MAX4036A/38A 1/2 Output 23107 0.0008 0.004 5-SC70/8-uMAX
MAX4230-34 1/2/4 Input, output 2.7t05.5 1.1 10 5-SC70/6-SC70/8-S0T23/10-UCSP™/14-TSSOP
MAX4245/46/47 1/2/2 Input, output 0.375 1 6-SC70/8-S0T23/10-uMAX
MAX4400-03 251055 0.32 0.8 5-SC70/6-SC70/8-S0T23/14-TSSOP
MAX4480-83 Output 0.045 0.14 5-SC70/6-SC70/8-S0T23/14-TSSOP
MAX4484/86/87 Aoy 2.7t05.5 1.9 7
MAX4490/91/92 Input, output 2.7105.5 0.8 10
MAX4493/94/95 Output 45t 11 0.77 5 5-SCT0/8-50T23/14-TSSOP
LMX321/58/24 Output 23t07 0.105 1.3
Current-sense amplifiers
CMVR Supply-Voltage Supply Current Bidirectional GBWP
Uy (V) Range (V) (nA) Current Sense (kHz) SCAT
MAX4069-72 1.3510 24 2.7t024 100 v 40,100 10-uMAX/8-TQFN
MAX4073F/73H/73T 21028 3to28 500 1600, 1700, 1800, 1800 5-SC70
MAX4376/77/78 0to28 3t028 1000 1200, 1700, 2000, 2000 5-S0T23/8-uMAX/14-TSSOP
MAX4080/81 451076 451076 75 —I/v 250 8-uMAX
Comparators
Part No. of Comparators SR AT Logic Output Package
: Range (V) Delay (ns)
MAX9021/22/24 1.8105.5 3000 TTL/CMQS 5-SC70/8-S0T23/14-TSSOP
MAX9030/31/32/34 1/2/4 251055 188 CMQS, TTL/CMOS 6-SC70/5-SC70/8-S0T23/14-TSSOP
LMX331/93/39 18105.5 100 Open drain 5-SC70/8-S0T23/14-TSSOP

UCSP is a trademark of Maxim Integrated Products, Inc.

AKXV
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> High-voltage, hybrid electric vehicle
battery-measurement IC

The first 80V-tolerant, daisy-chainable, battery measurement and monitoring solution, the MAX11068* is
optimized for the new, high-powered cells in hybrid and electric cars.

<
=
=)
m
sl

Vi A

¥ Tﬂ y

16

LW PRECISION

THRM 6V 70 72V LDO
3.3V 2.5V REFERENCE , ALRMy
2
AUX_AIN2 POR UPPER el
g PORT
AUX_AINT SDAy
c12
c11 VREF
cl0
0 ’ CONTROL P
c8 = « INSTR 12-BIT LEVEL
2 = > AND SHIFT
o7 = = AMP ARC STATUS
= = - CP-
C6 = =
5 g = coM |
o g 6.0MHz
c3 0sC ALRM|,
c2 /NAXI 2
¢ MAX11068* LOWER SCL,
N 3kHz || WATCHDOG PORT SDA,
12 0SC TIMER S0
AGND R “N27 SW_SEL(26:20) N
~ DIS_SEL(11:0)

Monitor and measure up to 12 Li+, NiMH, or
double-layer capacitor cells

® 10ps simultaneous sampling window for
120 cells (10 modules)

e Overvoltage and undervoltage detection

o Stack total, minimum, maximum, and
mismatch reporting

o Built-in, cell-balancing switches sink up to
250mA

e Low, 70pA average current consumption

SMBus is a trademark of Infel Corp
*Future product—contact factory for availability.

0

GNDL  VppL

Serial, daisy-chainable communication bus
® |12C physical interface and SMBus™ protocol

* Favlt-tolerant bus with hardware-
acknowledge handshaking and packet-error
checking

e Auto-addressing supports up to 31 nodes
(372 cells)

AXIMN




Compact, fully integrated solution
for differential sensors in auto hody
electronics

Process to a signal resolution of 8pV and communicate through CAN 2.0B

MAGNET V- MAGNETIC FIELD

DIRECTION
R+a R-AR & can
! SYSTEM
............ — CONTROLLER
ROTATION

.

ANISOTROPIC Vi

MAGNETORESISTIVE
SENSOR (AMR)
~ 48-Tary
N 7anx 7mm
ANO -40°C to +125°¢
AIN? > POWER VOLTAGE TEMP JTAG UART DIGITAL CAN
AING 5 MGMT REGULATOR SENSOR (LIN 2.0) 110 2.0B
AIN6
ANS | MUX —
AINID
ﬁ : - N A 16fBITCRISC
- 7 1287 H 12-8IT
AN . > ADC (WITH 16 x 16 DAC DACOUT
ﬁ g > HARDWARE
AN 5 MULTIPLIER)
AIN9 o MUX —
AINTT
AN )’
ANS e <! cLock 16kB/64kB 5128
MAXQ7665 el FLASH DATA RAM
MAXQ7666" EV iy
— allailahle
Applications
e Automotive steering * Valve positioning
* Brake and throttle position sensing ® Linear or angular position/
o Shaft rotation sensing displacement sensing
Part Flash Size (kB)

MAXQ7665BATM+ 64 (32k x 16)
MAXQ7666BATM+* 16 (8k x 16)

*Future product—contact factory for availability.

AKXV
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= Industry’s first integrated two-wire,
Hnll-effed sensor interface solution

eaj 14
"ld
i n
buckles la"fd s, Se;;zc
”"Weredlftg ,Z"‘ Sunrggqg o'

Ontroljgy

Withstands up to

Output filter
60V load dumps

eliminates glitching
;I

Robust design survives
shorts to ground,
shorts to battery, and

+15kV (HBM) strikes

% FILTER 2t >
o — / CH1

I——
MC
N DIAGNOSTICS DIAG |
s
HALL-EFFECT
sson | ) ohe MAXI our2
— MAX9921*
ELECTRIC MOTOR
" T
High-side current-sense — \ J .
architecture eliminates A

need for a ground return
wire without introducing
ground shift

Integrated diagnostics
detect shorts, opens, and
low-battery conditions

Improves performance and reliability

* Integrated diagnostics detect shorts,
opens, and low-battery faults

Saves space and cost

* High-side, current-sense architecture eliminates
the need for a ground return wire

e Withstands up to 60V load dumps e Eliminates up to 10 discrete components

® Robust +15kV (HBM) ESD protection * Integrates two complete sensor interface

* Integrated deglitching output filters channels into a single 3mm x Smm pMAX

. . - ackage
* Single-wire interface is immune to packag
ground-shift voltages

*Future product—contact factory for availability.
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Industry’s first three-input DirectDrive"
headphone amplifier

Includes 3:1 mux, volume control, bass hoost, and 12C ¢control—ideal for
rear-seat entertainment systems

1.8V103.6V

SCL
MAXIM
s . N o
* 3:1 input multiplexers with digital e WIAX9729
fade circuitry BBl
BEEP
e Accepts multiple inputs, such as FM _W
radio, music, and game consoles AUDIO m
PROCESSOR INL2 31
* Integrated 32-step volume control it > o
INL3
* DirectDrive headphone un!pllfler FTUNER — I
eliminates bulky DC-blocking i oo
cupuc[tors . - 2| s1 [ ourn
® Beep input with programmable consoLe | neg &
output level CHARGE PUMP
cip CIN —|PV55 B

1

HH T

First standard-definition, video
loss-of-sync alarm

The MAX7461 single-channel loss-of-sync alarm provides video-sync detection of SD television signals. Its
advanced detection circuitry delivers robust performance by preventing false loss-of-sync alarms due to noise.

Detects loss of sync caused by cut cable Alarm
triggers!

AKX/
MAX7461

o=
S 2’ » SYNG » SYNG
9 ) é w— — 1 DETECT QUALIFIER

® Accepts AC-coupled CVBS, Y, or any ® SOT23 package saves hoard space

other SD video signal containing sync o |deal for rear-view cameras and rear-seat
e Superior and robust performance infotainment systems
optimized for noisy environments

MAXIMV o




>80 1.8V video filter reduces power
consumption by more than 76%

DirectDrive technology eliminates the need for hulky, expensive,
DC-blocking output capacitors in rear-view cameras and navigation systems

54dB PSRR enables

operation directly

from digital supply rail

250mVp-p TO
1Vp_p INPUT

Detect and report
presence of video load

Internal 8V/V fixed-gain
buffer generates a 2Vpp

1.8V OR 2.5V video output signal
SUPPLY
2Vpp VIDEO
[ OUTPUT
MAXI/N SLEOI\fSDE LOAD
MAX9516 | VL
* LPF \ N
TRANSPARENT
CLAMP
N DirectDrive

Output black
level is set

Transparent clamp
allows AC- or
DC-coupled inputs

Reduces power consumption
* 54dB PSRR enables operation directly

from a 1.8V digital power supply

¢ 12mW average power consumption™

© 10nA shutdown current

T \

atov

Internally generated
negative supply extends
output range and eliminates
DC-blocking output capacitors

Supply voltage (V)

Consumes 4x less power
than the competition

40

COMP #1 COMP #2
30 H—
20 /X1
18 W MAX9516

0

0 10 20 30 40 50 60
Average power consumption™ (mW)

Part F:i?:r";la.:sF) DirectDrive | Shutdown Vo?tuapg':a“{V) CO:;'&?;‘?D':IE"(:;W) Package
MAX9509 4 11 8-TDFN
MAX9510 v/ v 180r2.5 10.4 8-uMAX
MAX9516 4 12 10-uDFN

*Average power consumption is measured with a 50% flatfield video signal and a 1508 output load to ground.
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27-bit LVDS serializers/deserializers

for automotive video displays

Programmable spread spectrum, feeds displays up to 1280 x 480

The MAX9247 /MAX9248/MAX9250 27-bit, DC-balanced serializers/deserializers (SerDes) feature
preemphasis and programmable spread-spectrum capability, which spreads both output data and clock for
maximum EMI reduction. The spread is programmable for £4%, £2%, or no-spread (MAX9250). Preemphasis
improves signal integrity at the load over 10m cables. The MAX9247 /MAX9248/MAX9250 are ideal for driving

WVGA, VGA, and QVGA displays.

18-BIT
VIDEO DATA

Enhanced ESD
protection

Reduce cost and EMI
by eliminating wires

Minimize EMI with

”@

MAXI/N
MAX9247

< i

100Q
(DIFFERENTIAL) STP

0.1uF 0.1uF 100Q

E DC BALANCE

Preemphasis
improves signal
integrity

AXI/
MAX9248

spread data and
clock outputs

PARALLEL
OUTPUTS
TO LCD

=

—

9-BIT CONTROL
VIDEO DATA

DC balance eliminates
problems caused by low-
frequency ground shifts

PREEMPHASIS IMPROVES SIGNAL INTEGRITY
EYE DIAGRAM WITHOUT PREEMPHASIS

PRE=LOW
| REFCLK = 42MHz

100mV/div

| 2 METER CAT5 CABLE
| 100Q TERMINATION

100mV/div

EYE DIAGRAM WITH PREEMPHASIS

PRE = HIGH
 REFCLK = 42MHz

| 2 METER CAT5 CABLE
| 100Q TERMINATION

1H

SPREAD SPECTRUM REDUCES EMI

OUTPUT POWER SPECTRUM vs. FREQUENCY

0

-20

RESOLUTION BW = 30kHz
40 | viDEO BW = 100kH:Z
REFCLK = 42MHz

NO SPREA;D
2% SPREAD |
1 4% sPreaD

/

-30

POWER SPECTRUM (dBm)

S

VAN

-60

1B

-70
39

40 al 42 43 44 45

200ps/div 200ps/div
FREQUENCY (MHz)
Serializers Deserializers
Part Clock (MHz) Features Part Clock (MHz) Features
MAX9247 2.5t042 | Output common-mode filter, selectable preemphasis MAX9248 251042 | Selectable +2% or +4% spread spectrum
MAX9217 31035 Output common-mode filter MAX9250 251042 | Output enable
MAX9218 31035 Output enable

AKXV
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Zé":‘“z Eliminate CAN or LIN interface with
smart 18-bit bidirectional LVDS SerDes

The MAX9257 /MAX9258 bidirectional LVDS serializer/deserializer eliminate the need for an external CAN or
LIN interface in automotive safety applications. Whereas typical applications require an additional bus for system
configuration, the MAX9257/MAX9258 integrate all control functions. They, thus, simplify the design by eliminating
the need for this costly bus and its associated wiring. These devices have smart features that enhance bandwidth
utilization and suppress EMI, and they operate over the -40°C to +105°C temperature range.

) Sign 4 ~ Nignt :
< recognition =~ o -
collision - < Lane

- avoidance departyre

Why do this with the typical automotive safety application?

LCD

VIDEQ VIDEO
PROCESSOR |- DESERIALIZER SERIALIZER | CAMERA
UART
.
! CAN CAN o
| TRANSCEIVER TRANSCEIVER H .
- _________4Jd----- - e _______ _I
CONTROL ON CAN

When you can use Maxim’s simple solution?

Leo MAXIWN MM AXIM
| MAX9258 MAX9257

_ VIDEO ~_ VIDEO
PROCESSOR | conTROL | DESERIALIZER SERIALIZER | conroL | CAMERA
T |;‘

UART

INTEGRATED CONTROL

® Programmable spread-spectrum modulation e +]10kV (Contact) /+30kV (Air-Gap

* Deserializer does not require external Discharge) ESD protection
reference clock

22 AXIMN




300MHz to 450MHz transmitters and
receivers double the range of your
RKE systems

* High -114dBm receive sensitivity

e |deal for
© RKE and remote start
® RF remote controls
e Security systems
e TPMS
e Garage-door openers

Temp Range Power Consumption . Price!
Part Type o RF Performance at 315MHz Modulation
" (°C) (mA) ($)
" +10dBm output, SPI tunable from
MAX7057 8.5 (typ) 300MHz to 450MHz ASK/FSK 1.26
W +10dBm output, dual frequency
\\e MAX7058 - 1010415 8.0 (typ) (315MHz and 390MHz) ASK 1.32
MAX1472 5.3 (typ, ASK at 50% duty cycle) +10dBm output ASK 0.96
MAX7044 7.7 (typ, ASK at 50% duty cycle) +13dBm output ASK 1.05
MAX1479 6.7 (typ, ASK at 50% duty cycle) +10dBm output ASK/FSK 0.97
MAX1470 -40 to +85 5.5 (typ) -112dBm with 53dB image rejection 1.51
MAX1473 -40to +85 5.2 (typ) ASK 1.67
MAX7033 -40t0 +105 5.2 (typ) -114dBm with 50dB image rejection 1.69
WeW | vax7034 Rx 6.7 (typ) 2.50
) -114dBm (ASK)/-108dBm (FSK) with
MAX1471 40to +125 7.0 (typ) 4508 image rejection ASK/FSK 2.39
MAX7042 6.2 (typ) -110dBm with 45dB image rejection

Industry’s highest performance 300MHz
to 450MHz transceivers

Increase range and add two-way capabilities to car alarms, RF modules,
and remote controls

Maxim’s MAX7030/MAX7031/MAX7032 family

of crystalreferenced VHF/UHF transceivers are easy-fo- Part RF (MHz) Modulation | FoK 3(‘:_";‘)“"““
use, high-performance devices that allow quick, two-way G O0LAT] 7 —
imp|emen’rc1tion of one-way systems. MAX7030MATJ 345 ASK —
MAX7030HATJ 433.92 —
* +10dBm output power MAX7031LATJ 308 574
MAX7031MATJ15 315 155
°
]2mA Tx current (FSK) MAX7031MATJ50 315 FSK +495
¢ -40°C to +125°C automotive temp range MAX7031HATJ17 433.92 +17.2
oo o MAX7031HATJ51 433.92 517
¢ -114dBm (ASK)/'I 10dBm (FSK) Rx Sensm\’“y MAX7032 SPI programmable ASK/FSK SPI programmable

® 6.1mA Rx current

*Future product—contact factory for availability.

11000-up recommended resale. Prices provided are for design guidance and are FOB USA. Intemational prices will differ due fo local duties, taxes, and exchange rates. Not all packages are offered

in 1k increments, and some may require minimum order quantities.
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300MHz to 1000MHz LNA extends range
of RKE systems

Voo

Hle
IHF

Voo

BIAS GENERATOR
RFIN RFIN E RFOUT
W " ou | RFOUT

\ GND

MAX2640

| i
NAXI/N

o)

)

e -40°C to +125°C automotive temp
range

e AEC-Q100 qualified

e 3.5mA supply current

® 2.7V to 5.5V single supply

* 1.3dB NF with matching components
* 15dB gain

e Tunable to 308, 315, 345, 433.92,
868, and 902 to 928MHz

® 6-pin SOT23 package

>34~ 0,8dB noise figure, 20dB gain, GPS
LNA improves your existing solution

Ultra-small leadless package saves size and cost

GND

RFOUT

=

GND

=

A=

INPUT MATCH L1 = 6.5nH

INPUT DC BLOCK C1 = 1800pF
SUPPLY BYPASS Cb = 33nF

* High 20.5dB gain

RFIN

l_

BIAS

Voo

Improves your
current GPS
receiver's
sensitivity

MNAXI
MAX2659

|||—| |—0

e Ultra-low 0.8dB noise figure

® Integrated 50Q output-matching circvit

® 4.1mA supply current

24

o
o) ©
'e

\—‘

® 1.6V to 3.3V supply voltage
e Ultra-small, RoHS-compliant, leadless

6-pin pDFN package

AXIMN



z\é“-i Is your GPS system performance
limited by your RF front-end?

Improve your GPS and Galileo performance and reduce cost with the
first fully programmable, universal GNSS RF receiver
PASSIVE

ANTENNA

ACTIVE
ANTENNA

Only

Only 9.5mA IsyppLy

1.4dB NF

® Ideal for portable navigation systems \
and automotive navigation A

N

e Compatible with most popular Bl MAX2769
GPS baseband processors

* Needs no external IF SAW or B4 I >
discrete filters

Y

FILTER

v

® Leadless 28-pin TQFN, wafer-level - T
packaging, or known-good die

FRAC-N

PLL N
TEMP
SENSOR
y ‘

[ (] [ ]
Widest range of digital broadcast tuners
MAX2141* enables low-power broadband XM Satellite Radio receivers

v

LOOP
FILTER

Maxim's digital radio receivers enable highly

integrated, cost-effective designs that are very
space efficient. Digital radio is going global, and AKXV N
Maxim has solutions for every region of the world. MAX2141* fo >

'

The MAX2141 is Maxim’s second-generation CHARGE
dual-ensemble receiver featuring low power | PUMP
consumption for XM Satellite Radio® applications. FRAGN J
It is pin compatible with the industry-standard SYNTH
MAX2140. Also, its much lower heat dissipation -
allows for placement into an automotive radio head. AGC

Digital audio receivers for

international standards
Part Standard Region

QUAD E
MAX2140/MAX2141* SDARS North America GEN
MAX2161/MAX2162 ISDB-Tsb Japan/Brazil
MAX2170 DAB Europe/Canada

XM Satellite Radio is a reg\'stered trademark of XM Satellite Radio, Inc.
*Future product—contact factory for availability.

AKXV
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Highest integration triple-band tuner
for DAB, DMB-T, and FM applications

Eliminates the need for external LNAs and VHF/FM filters

The MAX2170 is a fully integrated, RF-broadcast tuner for DAB, DMB-T, and FM applications. The integrated
LNA achieves an L-band sensitivity of -99dBm, thereby eliminating the need for external amplifiers. At VHF frequen-
cies, the integrated channel-selection filter achieves an adjacentchannel protection ratio of better than 45dBc; in
high-interference environments, it also increases performance while doubling as an FM-band-select filter.

L-band front-end eliminates
external LNA

l Low-noise, high-linearity

NMAXIMN
MAX2170

L-BAND

T
%

HH

L~y TRACKING
FILTER

\

Integrated VHF-tracking and
FM-band-select filter eliminates
external VHF and FM filters

* First adjacent-channel handling
of > 45dBc in VHF band
Reference designs available

e -100dBm VHF band-llI sensitivity (contact factory)
® -99dBm L-band sensitivity

® Industry-standard 2.048MHz low-IF
interface

e 2.7V to 3.5V power supply
® Integrated dosed-loop RF AGC
® Sigma-delta fractional-N synthesizer

® Low power consumption (170mW in
L-band mode, continuous operation)

26 AXIMN




Analog/digital tuners run cool and

[ ] [ ]
save space in avtomotive TVs
Ultra-compact MAX3540 tunes analog and digital TV

4AMHz

The MAX3540’s small size and low HD}; Maxim has

power consumption make it uniquely suitable LooR ~I1SO/TS 16949:2002
for automotive TV. lts traditional architecture certification
tunes both analog and digital TV signals. ]
IF SAW
|
[ <]
SERIAL INTERFACE
AND SYNTHESIZER
* 50MHz to 860MHz frequency range > =
 36MHz/44MHz IF frequency ~ {3 —
® On-chip, triple-band tracking filter opmmmx ~
o 7 30
* ATSC, NTSC, and PAL compliant L =
. L]
800mW power consumption B .,
° 3.3V SUpply MAX3540 27 |— IF_AGe
s— F—
i3] [t [rs] [v6] [17] [18] [1s] [eo] [21] [22] [23] [o4 IFOUTPUT

i

MAX3580’s novel architecture drastically shrinks automotive diversity
tuner designs, meets MBRAI and NorDig requirements

The MAX3580 is a multistandard digital Power dissipation in a four-tuner automotive digital TV
TV tuner covering DVB-T (Europe), DMB-T/H 50
(China), and ISDB-T 13 segment (Japan). lts 45
40

direct-conversion architecture eliminates
SAW filters. On-chip RF filtering reduces the
need for external RF filtering, typically
required by traditional CAN-type tuners. This

3.5
3.0
2.5
2.0

Dissipation (W)

integration results in a greatly reduced 15
overall solution size. The MAX3580 is 10
specified to operate over the -40°C to g;
+85°C temperature range. /W AXIV Other silicon tuners
MAX3580
Maxim’s full range of mobile TV tuners
Part Standard Region
Broadcast standards dedicated to mobile TV [ wax2160 ISDB-T 1 segment Japan/Brazil
are becoming established or are on the way in | MAX2165 DVB-H, DVB-T Europe
many countries around the world. Maxim offers a | MAX2170 DMB-T Europe/China
full range of solutions for mobile TV tuners. MAXS540 ATSC, NTSC, PAL Al
MAX3580 DVB-T, DMB-T/H, ISDB-T 13 segment | Europe/China/Japan

AKXV
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RF transceivers enable WiMAX in
automobiles

IVIAX2839 1Tx, 2 Rx RF in 22mm x 35mm

Unsurpassed RF performance

e Zero-IF RF transceiver

® No external LNAs required

e 1.75MHz to 28MHz channel bandwidths

e 2.3dB noise figure
e -35dB Rx EVM
e 0dBm linear Tx power IEEE™ 802.16e mobile WiMAX™ RF transceivers
e -37dB Tx EVM Frequency No.of | No. of Part
(GHz) Tx Rx
e -39dBc integrated VCO phase noise 1 1 MAX2837
23t027 1 2 MAX2839
331038 1 1 MAX2838

Coming soon: 2 Tx/2 Rx MIMO solution for 3.3GHz to 3.8GHz.

Digital wireless audio/video solution
provides CD-quality audio and H.264

[
video
. =l MP3 audio and
— video docking

| -;_ stations
- display-screens :
Front and rear L. . L. . ~ Headphones
cameras Digital wireless audio/video solution
z SPI'FOR VIDEQ
[\ 2
AKXV DIGITAL WIRELESS S _SPOF
Y MAX2830 "bhseaAND. [
/A «
® Uncompressed, 24-bit/96kHz audio * Features MAX2830 2.4GHz zero-IF transceiver
* Supports 8Mbps SD or MPEG4 video e Contact WLAN@maxim-ic.com for more details
o Supports eight uncompressed audio channels about this digital wireless audio/video solution

|IEEE is a service mark of the Institute of Electrical and Electronics Engineers, Inc.
WIMAX is a service mark of Bandwidth.com.

28 AXIMN




Spread-spectrum EconOscillators reduce
peak EMI by over 20dB

Factory-trimmed frequency and dither settings reduce time to market

Most applications must meet the stringent radiated-emissions compliance standards established by govern-
ment agencies. Yet, most crystal oscillators (XOs) do not offer inherent EMI reduction, forcing designers to use
expensive shielding, filtering, or PCB-layout techniques to meet these EMI-compliance standards. Our spread-
spectrum EconOscillator™ devices solve this problem by spreading radiated emissions over a narrow spectrum,
thus reducing peak energy at any one frequency. These oscillators are ideal for use as a frequency source for
pPs in applications with RS-232, USB, CAN, or LIN peripherals, including automotive infotainment/GPS.

> 20dB EMI IMPROVEMENT OVER XO0s

(DS1089L)
0
DS1089L
| omeERaureur ~ TYPCALXO
B 3 5%
=
g Typical SMT 5.8mm < smaller
= X0 package
5 30 105mm
% 5
g 0 mmIM
e 3mm 8-uMAX
-50
-60
44 46 48 50 52 54 56
FREQUENCY (MH?)
fosc = 50MHz RBW = 120KkHz
DITHER FREQ = fosc/4096 SAMPLE DETECT
* Reduce peak EMI by over 20dB e Operate over automotive temperature range
® 75% smaller than typical SMT XO ® No price premium for higher frequency selections
* Lower active and standby power than typical XO e Factory trimmed; no programming required
* Fast, reliable startup * No external timing components required
® Less sensitive to shock/vibration than typical XO
Part Min Output | Max Qutput Spread Dither-Mag Dither-Freq Power Temp Range Package
Freq (kHz) | Freq (MHz) | Spectrum | Range (%) | Range (fosc/X) | Supply (V) (°C) 9
DS1086 260 133 Down Oto-4 4096 5, 5% 0to+70 8-S0
DS1086L 130 66.6 Down Oto-8 2048 to 8192 2.7t03.6
DST087L 130 666 Down 0to-4 10% 271036 _| o oo
DS1089L 130 666 | Centersd | 008 | 2048108192 | 271036
DS10%0 125 B Cenfored | Oto=4 | 51210409 | 271055 8-MAX
Centered, 0to +4,
DS1091L 130 66.6 e o 16108192 | 301036 | -4010+125
DS1094L 31.25 2 Down Oto-8 128 10 1024 3.0t03.6 -40to +85

EconOscillator is a trademark of Dallas Semiconductor Corp. Dallas Semiconductor is a wholly owned subsidiary of Maxim Integrated Products, Inc.

AKXV
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Spread-spectrum clock modulators
reduce peak EMI

Pin-selectable dither rate and magnitude reduce radiated emissions

by up to 18.5dB

The DS108x and DS118x spread-spectrum clock modulators have an integrated phase-locked loop (PLL) that
modulates the output clock around the center frequency at a pin-selectable magnitude, thus reducing peak EMI at
fundamental and harmonic frequencies. This reduced EMI is accomplished without changing clock rise/fall times or
adding the space, weight, design time, and costs associated with mechanical shielding.

18.5dB EMI REDUCTION

POWER SPECTRUM (dBm)

0.96 0.97 0.98 0.9

Flexibility

1.00 1.01
xfour

1.02 1.03

e -40°C to +125°C temperature range
e 8.0MHz to 150MHz output frequencies

© +0.5% to +2.0% user-selectable dither rate

@@0-5.—.: o L

=0

Head unit/GPS

Key benefits

e EMI reduction saves shielding costs and
minimizes redesign

® +75ps cycle-to-cycle jitter maintains
lock with downstream PLL

Spread-spectrum clock modulators for EMI-sensitive applications

Part Input Ourl‘gl:‘lgzrml:.lezl;cy Dither zzl;acuons Powe;vs)upply Package
DS1080L XTAL/clock 160133 £0.5t0 1.5 8-uMAX
DS1080CL* | XTAL/clock 810 64 +0.5t0+1.5 8-uMAX
DS1081L 20to 134 3.0t03.6 8-TSSOP
DS1083L* Clock 16to 134 +0.5t0 2.0 6-50T23
DS1181L 20t0 134 8-TSSOP

*Future product—contact factory for availability.
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Maxim has your
avtomotive IC quality covered

J _-\ ‘_&\'g‘m\.‘a‘_—n

N

AEC-Q] 00 AEC-Q100 reliability reports

Our reliability testing is extensive and fully compliant to AEC-Q100.
Al reliability reports are readily available on our website.

PPAP library and request form

PPAP Our automotive ICs meet the stringent AIAG Production Part Approval

Process (4th edition) requirements. To date, our dedicated team has
delivered over 700 customer-specific PPAPs.

ISO/TS Fully 1S0/TS 16949:2002 certified
'I 6949 ?nggggov;it\e:irfigdéutomotive quality standards, we are fully ISO/TS

. o ofe
Fit Rate Reliability calculator
Calculate the FIT rate and PPM (with confidence interval) for your specific
PPM sample size.
EMI Rugged ICs for harsh environments
Acquire samples of automotive products with low EMI ratings
ESD and/or rugged ESD protection.

Review our quality resources at:
www.maxim-ic.com/auto/quality

AKX/
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Maxim has developed more ICs than any other analog semiconductor company over the
last 25 years. Averaging more than one product introduction per day, we constantly

A new IC every day

expand the breadth and depth of our product portfolio.

1-Wire® and iButton® Devices
Amplifiers and Comparators
Analog Switches and Multiplexers
Analog-to-Digital Converters
Audio

Automotive

Clock Generation and Distribution
Digital Potentiometers
Digital-to-Analog Converters
Display Drivers and Display Power
Fiber and High-Speed Communications
Filters (Analog)

Hot-Swap and Power Switching
Interface and Interconnect
Memories: Volatile, NV, Multifunction
Microcontrollers
Military/Aerospace

Power and Battery Management
Protection and Isolation
Real-Time Clocks

Storage Products

Supervisors, Voltage Monitors

T/E Carrier and Packetized Comms
Temperature Sensors

Video

Voltage References

Wireless, RF, and Cable

30

67

131

110

124

92

92

101

130

139

1

5400 ICs in 28 Product Categories

S — 479
— 503
— 440

— 435

219

_ 294

221
291

237

— 617

G206

—_———  o— 1480

—310

—613

242
60
235

1-Wire and [Button are registered trademarks of Dallas Semiconductor Corp. Dallas Semiconductor is 2 wholly owned subsidiary of Maxim Integrated Products, Inc.

www.maxim-ic.com/everyday



INNOVATIONS & INNOVATORS

EDITED BY FRAN GRANVILLE

S0C

Small footprint value-priced scopes
offer bigger displays, deeper memory,
bus debugging, and more

ektronix's new DPO-
3000-series of lunch-
box-sized, two- and four-

channel, 100-, 300-, and 500-
MHz-bandwidth scopes pro-
vides more than three times
the screen area and 500 times
the waveform-memory depth
of TeK’s largest selling scopes,
based on unit volume—the
small-footprint TDS3000 se-
ries. The DPO3000s, which
target embedded-system de-
velopers, accomplish these
feats in a 9-Ib package whose
height and width are only mar-
ginally greater than those of
the TDS3000s and whose
5.4-in. depth is approximately
10% less. Prices for the new

scopes are about 10% high-
er than those of their coun-
terparts in the older series.
The new units incorporate
the company’s Wave Inspec-
tor technology, which facili-
tates searching through long
waveform records for anom-
alous events. Additionally, for
debugging, the new units trig-
ger from and decode the ac-
tivity on five popular embed-
ded-system buses: SPI (serial
peripheral interface), I°C (inter-
IC), RS-232, CAN (controller-
area network), and LIN (local-
interconnect network).
Despite capabilities that
eclipse those of the nearly de-
cade-old TDS3000 series at

Scopes in the DPO3000 series provide more than three times
the screen area and 500 times the waveform-memory depth of

their predecessors.

only modestly greater prices,
the new series will not replace
the older products for the
foreseeable future, according
to David Pereles, value-scope-
product manager at the com-
pany. He says the older series
has won more devotees than
any family of digital scopes in
history, and, despite increas-
ing calls for the DPO3000s’
new features at prices close to
those of the older units, many
customers find that the older
products can still meet their
measurement needs, making
it unnecessary to mix product
types within instrument inven-
tories.

Tektronix believes the
DPO3000s to be the first
scopes to incorporate 800X
480-pixel WVGA (wide-screen
video-graphics-adapter) dis-
plays. The screens measure 9
in. diagonally. All models can
capture 2.5G samples/sec/
channel for an oversampling
ratio of at least five times, and
all provide a memory depth
of BM samples/channel. The
screen-update rate is 50,000
waveforms/sec. Connectivity
features include an Ethernet
port and two USB ports—a
front-panel port for memo-
ry devices and a rear-panel

D)

—Reader “Steve,” signing
himself as “Perplexed in
California” in EDN's Feedback
Loop at www.edn.com/
article/CA6544740. Add your
comments.

port for connection to a PC.
For bus debugging, the dis-
play switches to a text-only
mode, but waveform views are
just a button press away. US
list prices range from $4450
for a two-channel, 100-MHz
unit to $10,900 for a four-
channel, 500-MHz unit. These
prices include National Instru-
ments’ (www.ni.com) LabView
SignalExpress, base version,
which you can upgrade to the
complete Tektronix Edition
for a US suggested price of
$699.—by Dan Strassberg
Tektronix Inc, www.

tektronix.com.

MAY 1, 2008 | EDN
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Receivers reinforce digital-display-
interface ecosystem

ish about DisplayPort (www.

displayportorg) than | was
at the beginning of last year
(see “Connecting systems to
displays with DVI, HDMI, Dis-
playPort: What we got here is
failure to communicate] EDN,
Jan 4, 2007, pg 46, www.edn.
com/article/CA6402885).
Supporters of the standard
have followed through on
their promise to broaden DRM
(digital-rights-management)
support beyond relatively un-
known Certicom (www.certi
com.com) to encompass per-
vasive and Hollywood-blessed
HDCP (high-bandwidth-digi-
tal-content protection). And
the backing of Intel (wwwintel.
com) has substantially evolved
since early 2007’s rumors into
current integration plans with-
in next-generation core-logic
chip sets.

Nonetheless, even the most
fervent DisplayPort backers
privately admit that they will be
unable to fully shed the yoke
of Silicon Image (wwwsilicon-
image.com) control and roy-
alty payments. While Display-
Port specification develop-
ment crawled toward comple-
tion, HDMI (High-Definition
Multimedia Interface)-silicon
shipments were rapidly ramp-
ing into a diversity of CE (con-
sumer-electronics) equipment,

| 'm admittedly a bit more bull-

The VPP1600EMG receiver
IC comes in a 100-lead TQFP
and is now available for sam-

pling.

leading to today's HDMI dom-
inance in both video sources,
including optical-disc players,
set-top boxes, and camcord-
ers, and destinations, such as
displays and capture peripher-
als. To wit, although LCDs tar-
geting use in office environ-
ments may be able to get away
with DisplayPort-only digital in-
puts, any display with even the
slightest possibility of requiring
a CE tether will also need to
encompass HDMI support.
Either a single-interface
dominance or dual-port dé-
tente suits Integrated Device
Technology just fine because
the company is focusing its
DisplayPort product-develop-
ment efforts on display-in-
tended receiver ICs, there-
by explaining their PanelPort
marketing monikers. IDT’s first
offering is the $5 (10,000)
VPP1600EMG, which comes
in a 100-lead TOFP and is
now available for sampling; full

production should occur by the
end of this summer.

The device builds on a con-
ventional DisplayPort 1.1a
foundation by also integrating
TCON (timing-controller) cir-
cuitry, and its adaptive-equal-
ization capabilities make it a
candidate for not only exter-
nal-display configurations, but
also internal-display buses, in
which it would replace, for ex-
ample, an LVDS (low-voltage-
differential-signaling) interface
within a notebook PC. IDT also
plans a series of VPP11xx Dis-
playPort receivers, which will
eliminate the TCON function
block to reduce cost.

Although display interfaces
represent a new product cat-
egory for IDT, the company
has leveraged its expertise
in mixed-signal integration,
SERDES (serializer/deserial-
izer), and other relevant tech-
nologies that it honed over
many years' worth of high-
speed-memory, buffer, PHY
(physical-layer), clock-man-
agement, and similar semi-
conductor designs. Near-term
competitors include Analogix
(www.analogix.com) and Gen-
esis Microchip, which STMi-
croelectronics (www.st.com)
acquired in late January.

—by Brian Dipert
~Integrated Device
Technology, www.idt.com.

DILBERT By Scott Adams

THERE'S A JOB
OPENING FOR AN
ENGINEER IN
RESEARCH AND
DEVELOPMENT!

| MAY 1, 2008

scottadams @aol.com

www.dilbert.com

IT'S A CHANCE TO
ESCAPE THE MIS—
MANAGED FUTILITY

OF MY CURRENT JOB
AND LIVE THE DREAM!

7  ©2007 Scott Adams, Inc./Dist. by UFS, Inc.

HEY, THERE'S AN
OPENING FOR A
NEW MANAGER OF
RESEARCH AND
DEVELOPMENT!

RFSCREEN
COATING
SAVES SPACE

MicroShield screening
technology from RF Mi-
cro Devices integrates RF
screening on the surface
of a molded package. The
protected device might
contain a single chip or

a multichip module. The
company developed the
process to replace met-
al screening cans that
designers must often
mount on PCBs (printed-
circuit boards) either to
shield the enclosed cir-
cuitry from external in-
terfering signals or to
prevent RF-interference
leakage.

The sprayed-on con-
ductive coating makes
conductive contact with
a “skirt” contact band
that runs around the bot-
tom edge of the molded
package. When the as-
sembly process solders
the package to the PCB
in the usual way, the skirt
contacts a grounded ring
that surrounds the pack-
age site. A ground-plane
under the package, with
vias for connections,
completes the screen.

A company spokesman
indicates that results are
competitive with those
of metal cans and that
the technology reduces
height and volume for
RF-circuit sections by
25 to 50%. RF Micro will
employ the process on
its own product lines as
an option, and it will also
license it to other manu-
facturers.

—by Graham Prophet

RF Micro Devices, www.
rfmd.com.
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Virtually every call,

ixt, pix, download
passes thru
ADI base station ICs

( cear ) [ cance )

Our newest wireless infrastructure innovations

AD6655 IF Diversity Receiver

Reduces cost of deployment to allow more base
stations to improve network quality. 3G support allows
increased capability for high data rate applications.

AD9230 Single, 12-Bit 250 MSPS ADC

Better base station power efficiency using digital
predistortion techniques reduces electricity demand
and provides better spectrum purity.

AD9788 Dual, 16-Bit 800 MSPS Transmit DAC
Simplifies transmit architecture by eliminating
mixing stages and provides best ACLR for enhanced
network performance.

AD8375 and AD8376 Variable Gain Amplifiers
These VGAs enable excellent dynamic range to
capture faint transmitted signals in the presence
of strong signals.

AD9549 and AD9516 Dual Input Network Clock
Generator and Distribution Function

Very low noise clock sources ensure best signal
quality across multiple wireless platforms.

analog is everywhere.

Quality connections—in less space, using less
power—that’s why more base station engineers
speak to Analog Devices

As fast as wireless connectivity became pervasive, Analog Devices
data converters became the preferred signal processing standard
within base station designs. Today, that data conversion technology
is just part of a growing family of analog, digital, RF, and mixed-
signal solutions for flexible, software-based radio architectures
that support wireless standards from GSM to WiMAX. ADI continues
to leverage more than 40 years of signal processing innovation to
reduce the size, cost, and power demands of base stations,

while enabling increased data rates and delivering the calling
experience wireless users prefer. And we offer the same
application-tuned advantages for medical, industrial, consumer,
and automotive designs.

To experience what Analog Devices can do for wireless
infrastructure and for other signal processing designs, call
1-800-AnalogD or visit www.analog.com/basestation.

ANALOG
DEVICES

www.analog.com/basestation
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Rugged, high-voltage RF transistor
uses vertical process, yielding better gain

tart-up HVVi recently
introduced the three-
member HVVFET

(high-voltage-vertical-field-ef-
fect transistor) family of RF-
transistor products. Targeting
pulsed-radar and avionics ap-
plications, the devices employ a
process from the company’s in-
vestment partner, On Semicon-
ductor. The process employs a
vertical structure rather than
a lateral structure, providing
the devices with better current
density and a better thermal
path to the heat sink than do

The HVVFET (a) employs a vertical struc-
ture, providing better current density and a
better thermal path to the heat sink than an

LDMOS device (b).

LDMOS (laterally diffused met-
al-oxide-semiconductor) devic-
es. The vertical structure and
unique silicon process give the
transistors properties rivaling or
exceeding those of gallium-ni-
tride and other transistors. The
HVVFET's low gate capaci-
tance improves frequency re-
sponse, its low drain-to-source
capacitance improves efficien-
cy, and its low on-resistance
improves power handling.

The HVVFET's small foot-
print, high efficiency, thermal
performance, and ruggedness

make it appealing in phased-
array-radar systems, which can
require as many as 1000 RF
power devices. Because the
HVVFET can withstand a 20-
to-1 VSWR (voltage-stand-
ing-wave ratio) at rated output
power and nominal operating
voltage, it requires no heavy
circulators and isolators such
as those that protect conven-
tional RF transistors. The de-
vices tout at least 15-dB gain,
often eliminating the need for
gain stages and maintaining
the overall signal-path gain.

HVVi can supply evaluation kits for all of its vertical

MOSFET-RF-power transistor products.

PROCESSOR SUPPORTS CAPACITIVE TOUCH SENSING

The devices have a 48V power
rating, meaning that one power
supply can feed both the out-
put and the driver transistors.
All three devices operate at
a junction temperature as high
as 200°C. The 25V HVWV1214-
25 has 19-dB gain, operates
in the 1.2- to 1.4-GHz range,
comes in a 0.2X0.17-in. ce-
ramic surface-mount pack-
age, and has a thermal resis-
tance of 1.5°C/W. The 100W
HVV1214-100 has 20-dB
gain; operates in the 1.2- to
1.4-GHz band; comes in a
two-lead, metal-flanged NI-
400 package; and has a ther-
mal resistance of 0.8°C/W.
The 300W HVV1011-300
has 15-dB gain; operates in
the 1.03- to 1.09-GHz band;
comes in a two-lead, metal-
flanged NI-400 package; and
has a thermal resistance of
0.2°C/W. The parts and eval-
uation kits are available now.
HVVi can design parts with
custom bandwidth require-
ments in as little as 90 days.
Prices are $135.69, $226.15,
and $398.31 (one to 49) for
the three devices, respectively.
—by Paul Rako
HVVI, www.hvvi.com.

three CapSense buttons, three
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FORBUTTON AND SLIDER REPLACEMENT

Cypress Semiconductor’s CapSense
Express devices, working with the
PSoC (programmable-system-on-
chip) Express visual embedded-sys-
tem-design tool and the CapSense
Express configuration tool, enable
designers to monitor and tune the
performance of as many as 10 but-
ton-and-slider interfaces in real time
using a graphical user interface.
The CY8C201X0 and CY8C201X2
CapSense Express devices support
capacitive or general-purpose 1/0s
to implement combinations of but-
tons, multisegment sliders, and LED
controls. These devices consume 1

| MAY 1, 2008

mA of active current and 2.6 pA in
sleep mode and support an operat-
ing voltage of 2.4 to 5.25V across
the industrial-temperature range
of —40 to +85°C. The CY8C201X0
and CY8C201X2 CapSense Express
devices are available in eight- and
16-pin SOIC and 16-pin QFN pack-
ages for less than $1 (10,000). These
devices feature 2 kbytes of flash
memory and an I>°C communication
interface to support programming
loading over I°C at power-up.

Three evaluation kits are available
for the CapSense Express devices.
The CY3218-CAPEXP1 kit features

backlighting LEDs, three LEDs for
status, and one mechanical button.
The CY3218-CAPEXP2 kit offers a
five-segment slider with four status
LEDs and one mechanical button.
The CY3218-CAPEXP3 features two
CapSense buttons with two status
LEDs using the smallest eight-pin
SOIC package. The three kits sell for
$45 each. Developers can complete
CapSense designs with precon-
figured and verified user modules
within Cypress’ PSoC Designer 4.4
integrated design environment.
—by Robert Cravotta

Cypress Semiconductor, www.

cypress.com/capsense.




ﬂ””,,. l/// 3 ‘uﬁ'/;
'4,/"?‘0 47//75”’,!””,” & f%‘gﬂr 2

Precision control, greater yields, 24/7.
Analog ICs that optimize motor efficiency.

Our newest motor control innovations

AD7264 and AD7262 Dual, 1 MSPS SAR ADCs

Acquisition of position information from a shaft
encoder. Allows simpler, more cost-efficient motor
control systems.

ADuM5230 and ADuM6132
Isolated Half-Bridge Gate Drivers

Industry's first isolated gate drivers offer independent
and isolated outputs in one package. Significantly
reduces the number of discrete components and
improves system quality and reliability.

ADM2491E Isolated High Speed
RS-485 Transceiver

Industry-leading isolation solution for industrial field
bus networks. Comprises transceivers and isolation in

one package that saves board space and design time.

AD7400 Isolated >-A Modulator

Low power isolated high speed data conversion
enables an efficient current monitoring solution.
0P2177 Precision Low Noise, Low Input Bias
Current Operational Amplifier

Build accurate control circuits for servo drivers,
current sense, or reference currents at lower power.

analog is everywhere.

ADI motor control ICs: Improving reliability for
reduced cost of ownership

For designers of industrial systems, there’s one sure way to add
value to your solution and to your customer’s application. It’s by
optimizing your signal processing with Analog Devices ICs. For
example, in precision motor control equipment we’ve designed
leading ICs that maximize throughput and machine efficiency,
while reducing downtime with round-the-clock operation,
adding up to increased profits. ADI has engineered similar
system-user advantages into ICs optimized for medical, wireless
infrastructure, consumer electronics, and automotive systems.

To experience what Analog Devices can do for your motor control
designs—and for your customer’s bottom line—call
1-800-AnalogD or visit www.analog.com/motorcontrol-ad.

ANALOG
DEVICES

www.analog.com/motorcontrol-ad
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BY MATTHEW MILLER
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m RESEARCH UPDATE

Process makes silicon circuits
that can fold, bend, and stretch

new process creates
ICs that not only can
bend to conform to

various surfaces, but also can
operate while stretching, com-
pressing, and folding. Scientists
at the University of lllinois—Ur-
bana-Champaign, working with
colleagues at Northwestern
University (www.northwestern.
edu) and Singapore’s Institute
for High Performance Com-
puting (www.ihpc.a-star.edu.
sg), have developed fabrica-
tion strategies for circuits that
can, for example, play a role in
wearable medical devices or
wrap around airplane wings for
structural monitoring.

The researchers use con-
ventional planar IC-fabrication
techniques, along with printing
methods that lay down aligned
nanoribbons of single-crystal
silicon, to build circuit elements
on top of a thin plastic sheet.
They then bond the resulting
IC to a piece of prestrained
silicone rubber. Releasing the
strain allows the rubber to re-
turn to its original shape, thus
applying compressive stresses
to the circuit. This step leads to
a complex pattern of buckling
and creates a geometry that in
turn allows the circuit to fold,
bend, and even tolerate defor-

| MAY 1, 2008

mation during operation.

The team has constructed
circuits containing transis-
tors, oscillators, logic gates,
and amplifiers and claims that
these ICs exhibit electronic
performance similar to their
more rigid, conventional-silicon
counterparts.
>University of lllinois at
Urbana-Champaign, www.
uiuc.edu.

7<Optimized mechanical lay-

outs and fabrication strategies
create “wavy" silicon circuits
that conform to curves and
even tolerate folding and
bending while they operate.

Solid-state cooling
device harnesses
corona discharge

Thorrn Micro Technologies has
demonstrated a small, silent,
no-moving-parts cooling de-
vice that generates more air-
flow than mechanical fans four
times its size while consum-
ing less power and space. The
15X 15X 2-mm RSDb creates
a breeze of 2.4m/sec, outper-
forming the 1.7m/sec that
a mechanical fan measuring
40X40X10 mm can produce,
according to the company.
The product of six years
of National Science Founda-
tion (www.nsf.gov)-funded re-
search, the technology nestles
live wires within half-cylinder
beds that the company carves
into anonconducting plate. Ap-
plication of a voltage through
the wires causes a corona dis-

charge, creating a microscale

plasma. Free ions in the plas-
ma then migrate from the wires
to the plate, displacing air mol-
ecules as they go and generat-
ing a sustained wind.

Thorrn’s innovation lies in
the structure that channels
the airflow effectively enough
to cool a 25W chip with a de-
vice smaller than 1 cm?® without
risk of sparks or arcing. In the
company's current design, the
contoured plate resides atop
a heat sink, but plans call for
integrating the technology di-
rectly onto ICs.
~Thorrn Micro Technolo-
gies, www.thorrn.com.

This device pushes air mol-
ecules around to create a
cooling breeze for laptops and
handheld gadgets.

ACTIVE-MATRIX DISPLAY EMPLOYS NANOWIRE TRANSISTORS

A research group including members from Purdue University, Northwestern University,
and the University of Southern California claims it has developed the first active-matrix
display based on nanowire transistors, which offer better transparency and flexibility
than conventional silicon circuitry. In the proof-of-concept display, indium-oxide-
nanowire transistors, indium-tin-oxide electrodes, and plastic capacitors form an array
of OLEDs (organic light-emitting diodes).

The display looks like slightly tinted glass when idle, according to the researchers,
making the technology particularly suitable for heads-up displays. The demonstration
unit supports only row-by-row addressing,
but the researchers expect to soon achieve
pixel addressing. Moreover, they state, the
demonstration display proves that they can
create OLEDs that measure 176 X54 microns-
ideal for small displays in portable consumer-
electronic devices—and achieve brightness
approaching that of LCD TVs.

Purdue University, www.purdue.edu.

Northwestern University, www.northwest

ern.edu.

University of Southern California, www.usc.

edu.




Press-Fit Interconnects

Qo

Spring-Loaded Contacts

.050" (1,27mm) Grid SMT
Board-to-Board Interconnects

To view our Design Guide, new product

PERFORMANCE

From automotive systems to telecommunications, superior
performance demands connections that are precise, consistent
and reliable. With North America’s largest inventory of machined
interconnect components, Mill-Max Mfg. Corp. applies automation,
modular construction and screw-machine technology to assure
accurate, cost-effective, high-volume production. Mill-Max
components offer:

e Secure, low-noise connections.

¢ A pin acceptance range of .008" to .102" (0,20 - 2,59 mm).

* 35 high-reliability, multi-finger contact clip designs.

¢ High-grade materials and rigorous quality control standards.
e RoHS and non-RoHS plating options.

Mill-Max molds or machines non-standard insulators to accommodate
any set of requirements. We also have the engineering strength to
meet the most complex application-specific challenges, across a
broad range of industries.

Mill-Max Mfg. Corp. Connect with the best

offerings and order free samples, visit

www.mill-max.com/respond " \
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Scrape it

SIGNAL INTEGRITY

BY HOWARD JOHNSON, PHD

o probe a microstrip trace with no accessible test points or
vias, you have to remove some of the solder mask. I know of
only six ways to do it: scraping, milling, grinding, microblast-
ing, chemical stripping, and UV (ultraviolet) illumination.
The UV-laser idea (US Patent No. 7081209) gives me
the willies. It reminds me of a warning label I once saw on
a powerful carbon-dioxide laser: “Do not look into this orifice with your
remaining good eye.” My lab is dangerous enough without adding invis-

ible death rays.

Chemical stripping sounds like
an appealing idea, unless you've ev-
er tried to remove the old finish from
an antique chair. It seems that, unless
you know precisely what finish is on
the surface, the strippers never react
properly. Most likely, the technique
will just make a big gooey ball on
your PCB (printed-circuit board). Es-
pecially when you consider the huge
variety of new coatings manufactur-
ers are trying to mitigate tin-whisker
problems, chemical stripping is not a
good idea.

Eliminating those techniques leaves
the mechanical approaches. Micro-
blasting with a tiny sandblasting tool
does quickly remove material, but
it builds an incredible static charge
across your board. Yikes! We are try-
ing to measure signals on the board,
not blow it to kingdom come. You can
control the static buildup with a spe-
cial ionized-air environment, but you
can’t deploy that sort of technology in
an ordinary lab setting.

Grinding and milling are powerful
techniques that both involve rotat-
ing machinery. Their biggest problem
is that they are too powerful. You will
spend a lot of effort throttling back

| MAY 1, 2008

If you wear nice
slacks to work
every day, then you
probably won't like
this idea.

their strength so you don’t cut com-
pletely through the trace.

Now you’re down to my favorite
tool, the lowly scraper. I like a scrap-
er with a rounded blade. The curva-
ture contacts your board over only a
limited area. Given the right curva-
ture, you can scrape a path just wide
enough to reveal a trace under test
without exposing other nearby fea-
tures. Right before I set down my
probe, I dress the exposed trace with
a tiny piece of No. 600 sandpaper that
I’ve heat-glued to the cut end of a Q-
tip. This approach thins the copper
oxide for better conduction.

So, where do you get a round-blad-
ed scraper? If you wear nice slacks to
work every day and you think digital
engineers should always have clean,
manicured fingernails, then you prob-
ably won’t like this idea: Make it your-
self. All you need are a hobby knife

D9

and a whetstone. | use a stone with
a rough side and a smooth side. All
hardware stores have them. Just ask
for something that will sharpen a
small pocketknife.

Some people recommend using a
canine-tooth scraper (tartar scraper).
It can work, but you’ll have to grind
it down to the width of your trace and
then keep it sharp. Either way, you'll
end up using a whetstone.

[ start with a hobby knife that has
a straight, sharp edge about 0.15 in.
long. Holding the knife blade against
the rough side of the whetstone, I
make about 20 small circles. Then I
turn the knife over and do the same on
the other side. Try to hold the knife at
a constant angle from the stone, about
20 to 30° from the horizontal. What-
ever angle you choose will be the an-
gle at which the stone grinds. Re-
peat the process on the smooth side of
the stone, holding a 5° higher angle.
The higher angle concentrates the fi-
nal polishing on the sharp edge of the
blade. Clean the stone with a paper
towel.

With these basic instructions, you
can make a sharp, straight blade. To
form the curve, twist the blade back
and forth as you circulate. You'll grind
the ends of the sharp edge more than
the middle, curving the blade.

When you’re done, your knife will
make clean scrapes the width of just
one trace.EDN

AT EDN.COM >

Go to www.edn.com/080501hj
to post a comment on this column
and to see brief video clips of the
sharpening and scraping processes.

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



Accelerating the Speed of Design.

A3P1000-FG48/

Your one solution for design creation.

Avnet Memec focuses on a select group of leading suppliers to provide original equipment
manufacturers (OEMs) a high level of technical expertise — enabling the swift and accurate
design of leading-edge products.

With factory trained and certified support, Avnet Memec specialists offer a level of technical
depth unmatched in the industry. With easy access to our industry experts, your projects
move forward with greater velocity, driven by in-depth technical expertise. That translates into
faster time to market for you, with greater ease and confidence. From Design to Delivery.™ SAME-DAY
Avnet is ranked Best-in-Class* for seminars, technology, education and training,

as well as design and engineering services — proof that we consistently deliver: SHIPPING

> Proactive engineering support
> Factory certified FAEs

Accelerate Time to Market.™
Visit the Avnet Design Resource Center™ at: www.em.avnet.com/drc

==AVYNET
=  Memec
Accelerating Your Success™

1 800 332 8638
www.em.avnet.com

o T —
< Distributor

A=

Avnet Green Initiative

*As rated by Hearst Electronics Group, 2006 The Supplier Interface Study.
©Avnet, Inc. 2007. All rights reserved. AVNET is a registered trademark of Avnet, Inc.




New Dual Isolated Outputs VV Series
to 250 VDC Isolated Output Up to 10,000 VDC Output

Thru-Hole and Surface Mount Up to 10 Watts

New AV Series
Isolated

100 to 5000 VDC Output
Surface Mount/Thur-Hole

A/SM Series
Surface Mount/Thur-Hole ‘
Isolated

3.3 to 1000 VDC Output

AVR Series
Regulated to IKV
Low Noise

M/MV Series

Military Components

Military Environmental .

Testing Available % P/HP/XP Series

3.3 to 500 VDC HIGH POWER
3.3 to 350 VDC

Output
Isolated to
300 Watts

HVP Series
Programmable to
6000 VDC Output

LV/HV Series

36 to 170 Inputs
Terminal Strips
PC Board Mount
3.3 to 48 VDC Output

OR/IR/JR/KR Series
Wide Input Range

8 to 60 VDC

2 to 100 VDC Output

Regulated LF/LM/FM Series

-40° and -55° to +85°C
Operating Temperature

3.3 to 350 VDC outputs
in 1/2 Brick and Full Brick

LP Series

Wide Input Range
* MILITARY Watts to 75 Watts
¢ INDUSTRIAL 2 to 100 VDC Output Full Brick

Also AC-DC single and/or 3 Phase. Power Factor Corrected. 3 Watts to 2000 Watts Models.
Electronics, Inc. 143 Sparks Ave. Pelham, NY 10803
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EDN's 2007

INNOVATOR AND INNOVATIONS

OF THE YEAR:
1 HE WINNER

2007: YET ANOTHER VINTAGE
YEAR FOR ENGINEERING GENIUS.

EDN’s 18th Annual Innovation Awards
ceremony has once again recognized out-
standing individuals, team efforts, and great
\ ideas from the year past. We would like to

take a moment to present to you the winners,

m with a brief summary of their achievements.
A
”

This year, the judges—a team effort that involved edito-
rial staff, our editorial advisory board, and you, the readers
of EDN and edn.com—had a serious challenge to decide
among closely matched and highly qualified entrants. Cat-
egories included special awards we recognize every year: the

f Innovator of the Year and the best contributed article of

\ 2007. In addition, we examined nominations for awards in
no fewer than 19 product and technology categories, search-
ing for the best of the best.

Now, we've counted the votes, feted the winners at our

\ annual awards dinner in San Jose, CA, made the toasts,
cleared the glasses from the tables, and swept the confetti
from the floor. But our commitment to finding and recogniz-
ing the best in electronics engineering is far from over. We
will continue to report on the progress of these innovations
throughout the year. In addition, we will seek out key opin-
ion leaders at the edge of technology, preparing a midyear
report on the big ideas and vital debates in electronics. And
we will be back next year with a new crop of award-winners,
representing the best of the best of 2008. Business may have
cycles, markets may come and go, but the stream of intellec-

For more details on the winners tual progress that drives our engineering profession moves

and all of the “nalists, visit inexorably forward.

www.edn.com/innovation18. Please join us in celebrating the winners, and good for-

tune on your endeavors in the coming months.
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INNOVATOR OF THE YEAR

The 45-nm-process Innovation Team at Intel Corp

Shrinking geometries have pushed one critical part of the transistor to
its limits: the silicon dioxide that acts as an insulation layer between the
gate and the channel in which current flows. With each new generation
of Intel chips, this layer had become increasingly thinner-just five atoms
thick at 65 nm-and it became harder to skim off one more atom.

Intel’s team embraced a radical change. For the first time in 40 years,
the insulation layer would be made not of silicon dioxide, but of haf-
nium-oxide, a metal that helps reduce current leakage by a factor of 10.

The change brought problems. For example, the new material is
incompatible with the transistor gate. To address that problem, this
team developed a new metal material for the gate. In November, the
company introduced a generation of 45-nm chips using these new
materials. Because the 45-nm transistors are smaller than the previ-
ous generation, they require as much as 30% less energy for switching
on and off, offering both power savings and a boost in performance.
Industry experts generally consider the resulting Intel Core 2 Extreme
QX9650 quad-core processor the fastest PC processor on the market.

Tahir Ghani Kaizad Mistry Kelin.Kuh‘n Mark Bohr Robert Chau




BEST CONTRIBUTED ARTICLE J F E T S

“Choose capacitor types to optimize PC sound quality”

Kymberly Schmidt, Maxim Integrated Products, www.edn.com/article/CA6430345 S e C 0 nd S ou rc e
A key challenge to designers of audio subsystems that must conform Replac ement

to Windows Vista requirements may be choosing coupling capacitors.
These devices’ capacitance varies with the voltage across them and
introduces audio distortion. To minimize the effect, start by under-

@ ® [ ]
standing the interactions among the dielectric material, voltage rating,
device size, and voltage coefficient. Then, get ready to make trade-offs. 1 1 c 0 nl x
o g

Monolithic Duals-JFETS
e SST/U401-406 Series

o SST/U441 Series

e SST/2N3958 Series

o SST/2N5196-5199 Series
o SST/2N5545-5547 Series
o SST/2N5564-5566 Series
o U421-423 Series

e U430-431 Series

Current Regulating Diodes

* J500-J511 Series

o SST502-SST5H11 Series
Low Leakage Diodes

e DPAD1-50 Series

® JPAD5-50 Series

* PAD1-50 Series

e SSTPAD5-100 Series
e SSTDPAD5-100 Series

Features

Surface Mount & Thru Hole
Special Selections Available
ead-Free/Rohs Compliant

LINEAR SYSTEMS

800-359-4023




¢ 0.4 Watts to 150 Watts
Power Transformers

* 115V/26V-400/800 Hz Primary

e Secondary Voltages
2.5V to 300V

e Manufactured to MIL-PRF 27
Grade 5, Class S, (Class V,
155°C available)

e Surface Mount or Plug-In

* Smallest possible size
ately

s full Catalod jmmedi

See Pico’

PICO
Electronics, Inc

143 Sparks Ave., Pelham, NY 10803

Call Toll Free: 800-431-1064
E Mail: info@picoelectronics.com
FAX: 914-738-8225

Delivery - Stock to one week
INDUSTRIAL ¢ COTS ¢ MILITARY
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The 4x4 of
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heights

Mezzanine spacings from 5 to 20 in

1 millimeter increments

To increase the integration density of electronic
systems, our MicroSpeed connectors come in
a 1-mm pitch not only from pin to pin, but also
in height: the combination of four heights of
both the male and female connectors permit 16
mezzanine spacings between 5 and 20 millime-
ters.

An unlimited number of options

The number of design heights combined with
specifications such as pin numbers, pin density,
signal strength, shielding and data rates offers
almost unlimited options for printed circuit
board design. With ERNI’'s MicroSpeed (1-mm
pitch) and SMC (1.27-mm pitch) connectors,
you can now realize practically any mezzanine
concept in one actual product.

For technical data and samples, free of charge,
just take a look at our website or give us a call.

USA: 1-800-296-3764
Europe: +49 7166 500

Asia: +65 6 555 5885
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BY ANN R THRYFT* CONTRIBUTING TECHNICAL EDITOR

INn the

REAN

or several years, next-generation Ethernet capable of 10-
Gbps speeds has been on the brink of entering the main-
stream. Some areas of the network have for some time been
using optical technology, and demand is increasing for 10-
GbE (gigabit-Ethernet) data rates as traffic increases. But
vastly more complex technology than in previous genera-
tions of Ethernet is necessary to run 10-GbE over 100m
lengths of copper. That requirement has resulted in expen-
sive MAC (media-access-controller) and switch silicon and
costly and inconvenient PHY (physical)-layer-interface chips, limiting the
speedy LAN to high-performance applications covering shorter distances
within data centers.

This picture is beginning to change, but widespread deployment of 10-
GbE is not likely for at least two years (Figure 1). In June 2006, the IEEE
finalized the 10GBaseT P802.3an spec for operation over 100m copper.
Switch and controller chips that meet the spec are now available, but, along
with PHY chips, they are expensive and consume too much power. These
problems have been especially severe with 10GBaseT PHY-layer chips.

Silicon power consumption must be less than 5W/port for use in commer-
cially available equipment in chips such as switches and NICs (network-
interface controllers). “That’s not the case with most of these chips now,”
says Alan Weckel, senior analyst for Dell’Oro Group. “In contrast, optical
pluggable [transceiver] modules consume less than 1W.” Most 10GBaseT
PHY chips currently consume 8 to 10W per port.
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Although per-port prices have for
some time been falling, lower compo-
nent prices alone don’t necessarily create
demand. “It will take time to ramp up
volumes in the next couple of years,” says
Jag Bolaria, senior analyst for The Linley
Group. Meanwhile, the cost of optical
fiber is decreasing, “and the early stages
of 10GBaseT could be the next kicker in
the road in getting volumes up.”

THE NEED FOR SPEED

Analysts expect a fairly rapid ramp
for 10-GbE technology over the next
four to five years. Drivers include sheer
bandwidth demands because of server-
performance increases and other fac-
tors, such as virtualization (see side-
bar “Virtualization and 10-GbE”).
The demand for 10-GbE over copper,
including 10GBaseT, comes from the
fact that copper costs less and is eas-
ier to install than fiber, even though
10GBaseT requires unshielded Cat-
egory 6A or shielded Category 7 cable
to meet the spec’s maximum distance of
100m. Although fiber will still find use
for longer runs, the shorter enterprise
and data-center runs need less expen-
sive, 10-Gbps links.

During the next five years, 10-GbE
should replace 1-GbE in two major
applications that will drive significant
port growth, according to Dell'Oro
Group. In wiring-closet-switch uplinks,
most 10-GbE fixed ports will be uplinks
on 24- and 48-port 1-GbE switches, and

AT A GLANCE

EJ The difficulty of implementing
10-GbE (gigabit Ethernet) over
100m copper, which the 10GBaseT
spec stipulated in June 2006, has
delayed the widespread deployment
of 10-GbE. Major drivers for 10-
GbE include server virtualization and
1-GbE link aggregation.

El 10GBaseT's complex technol-
ogy has resulted in expensive PHY
(physical)-interface chips that run
too hot.

EX Second-generation 10-GbE PHY
silicon at the 65-nm-process node,
due in 2008 and 2009, will help cut
PHY-chip power consumption to
approximately 5 to 6W, will improve
design, and will lower costs through
greater integration.

Bl Manufacturers are developing
direct-attachment copper-twinaxial
cables for use with smaller-footprint,
lower-power SFP+ optical hot-plug-
gable-transceiver modules, offer-
ing an alternative for 10-GbE over
distances of 10 to 15m within data
centers.

the remaining 10-GbE ports will be 10-
GbE-only switches, those finding use at
the top of the stack for aggregation. The
other major application area is in direct
server connections.

Currently, copper finds use mainly
between switches and PCs and between
switches and servers. The uplinks from
wiring-closet switches to data centers

16
I FIXED AND UNMANAGED
I FIXED AND MANAGED
@ MODULAR
12
PORT
SHIPMENTS 8
(MILLIONS)
4
0 ' .
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Figure 1 Total 10-GbE port shipments will grow from slightly more than 700,000 in
2007 to 15 million in 2012 (courtesy Dell'Oro Group).
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that are currently optical links will
remain optical and will have signifi-
cant potential for volume, says Weckel.
Because enterprises are undergoing a
major wiring-closet upgrade, the mar-
ket for switching is increasing, as well.
In switch-to-switch connections, the
medium for 1-GbE is now optical and
will remain optical at 10-GbE. In direct-
server connections, the medium is cop-
per, and it will remain copper at the
higher speed.

As the number of 1-GbE ports
increases, aggregation of those ports
becomes a major reason to begin using
10-GbE technology. Without it, the
uplink bandwidth is less than the band-
width of the downstream ports, and
blocking occurs. Tier 1 OEMs are sell-
ing 1-GbE gear for around $100/port,
says Kamal Dalmia, vice president of
marketing for Teranetics. For 10GBaseT
switches at their introduction, the price
will be approximately $500/port, a per-
gigabit cost of roughly half that of 1-
GbE equipment. Another main driver is
the need to connect high-performance
computing-blade servers in data centers
with bandwidth commensurate with
their processing speeds. Those servers
include eight or 16 processors, each of
which is increasingly likely to contain
four or even eight cores, ramping up
power requirements and speed.

Aside from the combined power-
consumption and technology issues in
implementing the technology, another
major issue could hinder the rate of
10-GbE deployments, says The Linley
Group’s Bolaria. If the cost of imple-
menting one 10-GbE port is too high, it
may make more sense to aggregate links
by combining two to four 1-GbE ports;
more than that number would be expen-
sive and cumbersome.

MORE COMPLEXITY, POWER

The first 10-GbE standard, IEEE
802.3ae, which originated in 2002, spec-
ified several PHY interfaces for optical-
transmission media. In 2004, the IEEE
802.3ak-2004 short-reach amendment
allowed 10-GbE over 15m coaxial cabling
using 10GbaseCX4 PHY-layer chips.
Compared with 1000BaseT, 10GBaseT
data rates require highly complex digital-
signal processing in silicon to deal with
echo cancellation and crosstalk cancella-
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tion, as well as more sophisticated analog
circuits. All of this processing to clean

up the received signal must take place
on links that are 10 times faster than the
1000BaseT spec. The 1000BaseT spec
left a wide margin for compensation, but

10GBaseT does not, says Brad Booth,

10GBaseT task force and is chairman of
the Ethernet Alliance.

The 10GBaseT spec includes a subset
for a short-reach PHY interface over a
maximum 30m of Category 6 four-wire
UTP (unshielded-twisted-pair) cable

as a means of going to a lower-power

developers wrote the draft, the concern
was that most devices for a 100m range
would consume 10 to 12W of power,
and those levels of power consumption
limit 10-GbE deployment in switch
applications, says Booth. In a shorter-
reach application with the 30m option,

who acted as chairman of the IEEE

One reason for slow 10-
GbE (gigabit-Ethernet)
deployment is the lack of
demand from end devices.
Before virtualization, serv-
ers needed only a few
1-Gbps connections, and
utilization rates weren’t
100%. “With virtualization,
utilization has increased,
and throughput is now
higher,” says Alan Weckel,
senior analyst for Dell’Oro
Group. “Now, the demand
for a 10-Gbps pipe is grow-
ing, and cost is becoming
one of the barriers”

As internetworking of
computers has increased,
dependence on data
centers has grown, in
turn increasing the move
toward virtualization.
“Today, everyone is using
everyone else’s comput-
ers, such as for Web-based
storage,’ says Bob Nunn,
president and chief execu-
tive officer of Fulcrum
Microsystems. “But the
goal of a virtualized data
center won’t be achieved
without a high-bandwidth
interconnect technology
that is common to the
entire data center” For
many, including Nunn, 10-
GbE is that interconnect
technology.

The increase in storage,
server, and switch cluster-
ing is behind the move
toward virtualization, and
latency becomes critical.
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VIRTUALIZATION AND 10-GBE

operation

“To the user, it must look
like one server, and that
[scenario] won’t happen
if server response takes
longer than expected,’
says Kamal Dalmia, vice
president of marketing
for Teranetics. 10GBaseT
increases by a factor of
five the density of bits
moving in a rack (

). It also halves the cost
of bits moving in the rack
and increases server-utili-
zation rates by two to four
times using virtualization,
enabling the network to
move bits at a much lower
cost, says Matt Rhodes,
Teranetics’ CEO.

A virtualized data cen-
ter shares and distributes
resources to improve
scaling and reduce costs.
In conventional arrange-
ments, a local bus inter-
connects centralized
components, whereas
in virtualization, fabrics
interconnect distributed
components, including
remote storage. Managing
the data during heavy traf-
fic becomes an issue, so
switches must incorporate
congestion-management
and load-balancing fea-
tures, says Nunn.

In a virtualized server,
virtualized guest operat-
ing systems run simulta-
neously on a multicore
machine using a “hypervi-
sor;)’ or virtual-machine

mode.

When the

spec’s

8
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Even though its PHY-layer latency is greater than that
of 1000BaseT, 10GBaseT's higher speed gets packets more
quickly to their destinations (courtesy Teranetics).

monitor. Although data-
center applications
themselves don’t scale
well across the multiple
cores of server CPUs, vir-
tualization changes that
scenario, says Steve Pope,
co-chief technology officer
at Solarflare. “You can
have a virtual operating
system on each core, each
of which runs a virtual
application” However, the
hypervisor can become a
bottleneck when it comes
to 1/0 across those cores.
The Solarstorm vNIC
(virtual-network-inter-
face-controller) hypervi-
sor-bypass technology
operates on Solarflare’s
Solarstorm Ethernet con-
trollers. It offloads the
hypervisor’s 1/0 burden
and provides solid I/0
performance to virtualized
guest operating systems.
Because controller silicon

must provide DMA (direct-
memory-access) queues,
which can also scale
across cores, Solarflare’s
virtualization architec-
ture provides more than
enough virtual interfaces.
With advanced virtualiza-
tion schemes, you can
realize significant per-
formance benefits from
allocating multiple DMA
queues to each core and
to each guest operating
system, says Pope. Guest
operating systems can
also bypass the hypervi-
sor to program the virtual
interfaces using a set

of open-source silicon-
vendor-mutual APIs
(application-programming
interfaces) that Solarflare
developed. These APIs let
any silicon vendor take
advantage of guest-oper-
ating-system access.
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lower power, which helps eliminate a
lot of noise along with many cancella-
tion circuits. The spec also allows the
use of Category 6 cable for distances
as long as 55m, because 70% of data
centers’ reach is 55m or less. However,
operation over this distance doesn’t buy
lower power consumption.

Additional PHY-silicon issues are the
need for multiple ports to pare down the
cost per port, and the inclusion of mul-
tispeed ports for backward compatibility
with 1-Gbps and even 100-Mbps Ether-
net. An alternative method of connect-
ing 10-GbE over copper may be possible
using a new form factor in hot-pluggable
optical-transceiver modules. The SFP+
(small-form-factor-pluggable-plus) mod-
ule has a smaller footprint than the pre-
vious SFP form factor and consumes less
power, allowing greater module density
on a line card and offering lower per-
port costs. Manufacturers are also devel-
oping direct-attachment SFP+ copper-
twinaxial cables for distances of approx-
imately 10 to 15m, which are adequate
for connections within a data center.

The process technology for most
chips now implementing 10-GbE over
copper is 130 or 90 nm. The next gen-
eration may go to 65 nm, which is the
next-lowest-cost node at which vol-
umes may increase, says The Linley
Group’s Bolaria. Some in the industry
believe that it will take a 45-nm process
to reach the lower power consumption
required to drive volumes and are trying
to integrate some of the analog circuitry
necessary for 10GBaseT at that process
node. But the high amount of analog
circuitry could be a problem in such
smaller geometries, says the Ethernet
Alliance’s Booth. “One alternative may
be multichip modules with analog front
ends running in one process technology
and digital back ends,” he says.

Definitions of “high volume” can
vary. Huge volumes are on the order
of 10 million and 20 million ports, says
Bolaria. In 2007, volumes for 10-GbE-
switch ports with 10W PHY interfaces
were approximately 640,000, and they
contained 10W PHY-layer chips. “The
next tier would be less than 5W, which
will enable [manufacturers to ship] a few
million ports,” he says. “But, to get to
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Moving to next-generation pro-
cess technology will reduce 10GBaseT-
silicon power consumption and make
possible additional features (courtesy
Broadcom).

20 million in port volume, PHY silicon
will probably need to consume less than
2W.” As ports per chip increase, chip
volumes will decline somewhat.

The power budget of a typical first-
generation 10-GbE endpoint NIC is
approximately 25W, but designers usu-
ally want to stay closer to 15W, says
Blaine Kohl, vice president of Tehuti
Networks. You can build a single-port-
10-GbE NIC with a 7W PHY chip, but
you can tweak the power allocation
even more in some designs. Manufac-
turers will most likely build single- and

AT EDN.COM >

For a look at backplane-design
issues at 10-Gbps speeds, go to www.
edn.com/article/CA6317073.

You can find a discussion of the
effects of dispersion on optical-link per-
formance in networks with 10-Gbps links
and what electronic-dispersion compen-
sation brings to this problem at www.
edn.com/article/CA6317075.

For another article by Ann R Thryft,
go to www.edn.com/article/CA6470826.
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a comment on this article.

dual-port adapters for endpoints using
this year’s generation of 10GBaseT PHY
silicon. However, switches need PHY
chips closer to 3W. By 2010, 3 to 4W
10GBaseT PHY chips will probably be
available. At that point, with 2 to 3W
controllers, you may be able to integrate
a controller chip and a PHY chip in one
package. Switches could then adopt a
10GBaseT PHY chip, endpoints could
adopt the 10GBaseT package, and man-
ufacturers could be shipping 10GBaseT
equipment in volume.

After offering samples of 10-GbE-
controller and 10GBaseT PHY chips
for a year and a half, Solarflare Com-
munications has just introduced second-
generation, 65-nm parts. The SFT9000
10GBaseT PHY chip consumes less
than 6W and features multispeed auto-
negotiation at speeds as low as 100
Mbps. The SFC4500 10-GbE controller
chip consumes 2.2W and features virtu-
alization acceleration. Solarflare expects
next year to make available a single-chip
LAN-on-motherboard device that will
integrate 10GBaseT-PHY and 10-GbE-
controller silicon, according to Bruce
Tolley, vice president of marketing.

Teranetics’ first-generation all-CMOS
TN1010 10GBaseT multirate PHY chip
supports 1-GbE and 100-Mbps Ether-
net. The company’s next-generation
65-nm chip will be available this year,
with 30 to 40% less power consumption
than the current total of about 10W,
says CEO Matt Rhodes. Fulcrum Micro-
systems’ single-chip, 24-port FM4000
10-GbE IP (Internet Protocol) Ver-
sion 4/6 switch/router chips target use
in data-center-switching platforms in
high-performance-computing, ~server-,
and storage-host interconnection, and
data-center-aggregation  applications.
The Layers 2/3/4 chips have full line-
rate performance on all ports with a
total throughput of 360 million pack-
ets/sec. Their 300-nsec latency provides
a highly responsive network fabric that
exceeds the performance of specialty
fabrics, such as InfiniBand and Fibre
Channel, and suits high-performance-
clustered-computing applications, says
Bob Nunn, Teranetics’ president and
CEOQ.

Broadcom makes single-chip, 10-GbE
switch and controller silicon and optical
transceivers. The 65-nm process tech-



nology for these chips requires a signifi-
cant effort, especially for the switches,
because they are large, highly integrated
chips with both analog and digital com-
ponents, says Eric Hayes, director of
marketing for the network-switching
line of business. The 65-nm BCM56820
switch chip’s power consumption is 1W
per 10-GbE port—a drastic reduction
from the previous 130-nm switch chip’s
11W per port (Figure 2). “We're see-
ing a clear requirement to go to 10-GbE
with all of the features and capabilities
that were available at 1-GbE, such as
security, strong Layer 4 classification for
QOS [quality of service], and Layer 3
routing,” he says.

Tehuti Networks based its new SFP+-
adapter-reference designs, which include
the single-port TN7587-S and dual-port
TN7587-D NICs for optical 10-GbE,
on the company’s single-chip TN3016
10-GbE single- or dual-port controllers.
The reference designs include AMCC’s
(Applied Micro Circuits Corp’s) 10-
GbE SFP+ QT2025 PHY chip. When
you populate the NIC with two SFP+
optical modules, the TN7587-D’s power
dissipation is 15W. The single- and
dual-port controllers dissipate 6 and
TW, respectively.

Many enterprises have just begun to
consider 40- and 100-GbE for aggregat-
ing 10-Gbps links in data centers. “Even
telephone companies are requesting
100-Gbit products,” says The Linley
Group’s Bolaria. “There’s demand for it
now in the core of the network.” Because
of video-on-demand and Web-based
applications with millions of simultane-
ous users, such as Facebook, Netflix, and
YouTube, some industry observers pre-
dict that the bandwidth-scaling needs of
carriers and ISPs (Internet-service pro-
viders) may bypass 40-GbE.

For the first time, however, no aggre-
gation technology is in place for the
upcoming lower speed of Ethernet,
which could hinder the market, says
Dell’Oro Group’s Weckel. For the lower
speed to be successful, manufacturers
must be shipping products using the
higher speed, even if not in high vol-
umes. But with 10-GbE to the server,
no 40- or 100-GbE line cards exist to
provide uplinks to data centers on the
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aggregation side. “The higher-speed
uplink technology must be present for
there to be truly widespread adoption,”
he says.

The pressure will increase even more
when servers begin to appear with 10-
GbE interfaces on the motherboard,
which may occur with the next genera-
tion of Intel server CPUs. Ultimately,
10-GbE may go all the way to the desk-
top. For many, Ethernet has become
the fabric of choice in the network, and
that situation is also driving 10-GbE
deployment.EDN
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BUCK-BOOST CONVERTERS PROVIDE VOLTAGES BOTH ABOVE AND BELOW
THE INPUT VOLTAGE. THIS FEATURE IS USEFUL IF YOUR DESIGN'S INPUT VOLTAGE
CHANGES DRASTICALLY OR IF ITS LOAD VOLTAGE VARIES.

uck-boost converter topologies fit into a wide
range of applications. Whether you are charg-
ing a battery from a battery, powering a string
of LEDs, or running a handheld device from a
single cell, the buck-boost topology can pro-
vide an important weapon in your arsenal of
design tricks. Whether you need low cost, high
efficiency, or low noise, some version of buck-
boost topology can solve the problem. And, if
your buck-boost design works for multiple products, you can save
yourself the considerable effort of designing separate power sup-
plies for each load voltage. However, as with any type of design,
the buck-boost-converter brings its share of design challenges.

For example, consider one common
application for buck-boost convert-
ers: battery-to-battery charging, such
as using a car battery to charge a 10.8V
NiMH (nickel-metal-hydride) battery
(Figure 1a). At first blush, you might
think that you could use a low-dropout
linear regulator for this task because the
regulator’s 10.8V voltage is close to the

12V lead-acid battery’s voltage. If the
car is running, however, the battery’s
charging voltage is 13.75 to 14.2V, in-
dicating that you might need to use a
switching regulator to prevent power
loss. You might still think that a sim-
ple buck regulator should do the job.
However, NiMH batteries receive their
charge from a constant current, so their

cell voltages rise to 1.4 to 1.6V per cell.
Thus, for a nine-cell, 10.8V pack, the
charge-termination voltage must reach
12.6V. A modern synchronous-buck
regulator that can deliver power with
100-mV drop might still do the job,
but this approach assumes that the car
is running. In a real-world application
for test equipment that diagnoses cars,
however, you must assume that some
cars won’t start. A lead-acid automobile
battery charges at 13 to 14V, but the no-
load voltage is 12V. Clearly, you cannot
charge a nine-cell NiMH battery to its
12.6V termination with a 12V source
and a buck regulator.

The automotive-test-equipment ap-
plication may be esoteric, but system
designers face a far more common prob-
lem: how to power a 3.3V handheld
electronic system from one lithium-ion
cell (Figure 1b). Consider a handheld
computer that uses Windows. Its digi-
tal electronics, including memory, must
operate from a 3.3V power supply, and
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one lithium-ion cell delivers 3 to 3.7V
of power, so it may be tempting to just
operate 3.3V ICs at 3V. However, digital
processes are less forgiving than analog
when it comes to power-supply-voltage
range—to the point that some manufac-
turers refuse to characterize chips at 3V.

Another approach employs two lith-
ium-ion cells; this method has several
disadvantages, however. First, consid-
er that a battery is a more problematic
power source than a cell. You must wor-
ry about reliability: If either cell fails in
an open circuit, the system loses power.
If either cell short circuits, the inter-
nal fusible link blows—and let’s hope
it blows before a fire breaks out. In any
case, after a short circuit, your product
cannot function. Just as troublesome
is the problem of balancing the cells’
charge. Because batteries are metal-plat-
ing devices, you charge them by plating
lead, lithium, or nickel from the cath-
ode to the anode. When you discharge
the battery, the metal or metal ions dis-
charge from the anode to the cathode.
Another problem occurs when you re-
charge the battery: If one cell in a string
accepts less charge, it limits the pack’s
output. With two lithium-ion cells, this
approach would limit the charge voltage
to 8.4V. But this approach does not en-

AT A GLANCE

Bl Buck-boost converters find use
in automotive, consumer-electronics,
and other applications.

B Simple buck-boost and Cuk con-
verters invert the input voltage.

SEPICs (single-ended-primary-
inductance converters) and four-
switch synchronous H-bridge buck-
boost converters do not invert the
input voltage.

Many companies are producing
synchronous four-switch buck-boost
converters for the handheld-system
market.

Bl Most buck-boost architectures
have 80 to 85% efficiency, whereas
the synchronous-four-switch topol-
ogy has better-than-92% efficiency.

sure that exactly 4.2V exists across each
cell. To ensure that amount of voltage,
you must implement complex and ex-
pensive charge-balancing circuits that
charge and discharge each cell at the op-
timum voltage. For these reasons, most
modern handheld products use a single
cell. Because lithium-ion cells output
3 to 3.7V, handheld devices requiring
3.3V are appropriate applications for
buck-boost converters.

Other broad applications for buck-
boost converters are automotive-LED
drivers (Figure 1c). They share the
same battery-voltage-range issues as the
automotive-test equipment. Indeed,
even more important restrictions ex-
ist for automotive use. When the car is
starting, the battery may sag to 8V as
it cranks the starting motor. A charger
circuit for automotive-test equipment
would have to function for a longer time
than it takes a car to start. If the power
converter is operating a string of brake
lights, however, you would not want the
output of the circuit to drop out due to
input-voltage swings. Buck-boost archi-
tectures can handle those cold-cranking
periods, as well as a 40V transient from a
clamped-load-dump event.

A similar application is driving LED-
flash units in a cell phone (Figure 1d).
The forward voltage of the LED may be
higher or lower than that of a single-cell
lithium-ion cell. A buck-boost topology
ensures that the flash LED receives the
same current no matter what the state of
the battery and no matter what process
variations of the LED change its forward
voltage. “Look at a cell-phone camera
where an LED is used in a flash applica-
tion, perhaps one where you can drive
a 0.5A through the LED,” says Sam

;V
;V
- + BUCK-BOOST + 1
= — CONVERTER I . INVERTING = §
== _ | BUCK-BOOST
— LHHHHH}J T == L CONVERTER -
- ==
p— LED STRING
= ==
= = I-II-II-II-II-HJ i
CAR BATTERY 10.8V NICKEL- % -
METAL-HYDRIDE | & © CAR BATTERY
(a) BATTERY 1 -
— BUCK-BOOST
-+ BUCK-BOOST | Cich CONVERTER
=Sl CONVERTER L }J +
L 3.3V = L =
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Figure 1 One application for buck-boost converters is battery- 24V AC BRIDGE BUCK-BOOST =
to-battery charging (a), but designers face a far more common RECTIFIER| 9 CONVERTER j:
problem: how to power a 3.3V handheld electronic system ; o
from one lithium-ion cell (b). Automotive-LED drivers (c) and - e
LED-flash units in a cell phone (d) also involve design chal- g
lenges. Buck-boost converters work well when you need a LED STRING =7
rectified ac waveform as your input power (e). © =
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Nork, a design manager at Lin-
ear Technology. “Under those
conditions, the forward-voltage
drop of the LED is around 3.6V.
Depending on temperatures,
part variations, and battery con-
ditions, that [situation] is a clas-
sic case where you would like a
buck-boost converter to get the
best performance.” The same
design benefits apply to LED
flashlights that use lithium-ion
cells for power.

Although you might think
of buck-boost converters when
dealing with a widely variable
input voltage, they also work
well in applications in which
the output voltage varies due
to component variations. Rohit
Tirumala, staff application en-
gineer at Supertex, points out
that some general-lighting ap-
plications use an inexpensive
24V “brick” supply. Although
the input voltage is fairly regu-
lated, the output voltage across
an LED string can vary widely
from part to part. “Because of
the LED-voltage variation, the
string of LEDs might require a
buck or a boost,” he says. “For
example, each LED can vary
by as much as 1V. The forward
voltage can be 3 to 4V, so a six-
LED string might require 18 to 24V.”

Brian Wengreen, product-marketing
manager at Analog Devices, points out
that Panasonic and other lithium-ion-
battery manufactures are creating mod-
ified battery chemistries that produce
more energy as the battery discharges
from 3 to 2.5V. “A cell phone or cam-
era that operates from a single [lithium-
ion] cell may have a zoom lens or some
sort of actuator that requires a
steady voltage that provides
torque to a mechanical system,”  Vin
he says. These camera manu-
facturers use buck-boost con-
verters in this case because they
can wring that last bit of energy
from the battery.

These examples show how
buck-boost converters provide
power as both the input- and
the output-voltage require-
ments vary. These converters

(b)
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waveform as your input power
(Figure 1le). One such appli-
cation is an LED replacement
for the ubiquitous 12V halo-
gen bulb, such as an MRI16.
The halogen-lamp fixture
drives the bulb with an ac or
rectified-ac waveform. By us-
ing a buck-boost circuit in the
base of the replacement-LED
bulb, designers can ensure a
more constant average current
as the input voltage varies.

DELVE INTO DETAILS

Figure 2 The conventional buck-boost architecture inverts the
input voltage (a). You can see that the same circuit with a 5V
input would work just as well, producing —4 and —6V (b).
Buck-boost circuits can also invert a negative voltage

to a positive one (c).

are also versatile. “Some engineers want
to have different models of product that
use the same power supply,” says Tirum-
ala. “One model might use four LEDs;
one model might use six LEDs. They
can use the same buck-boost power sup-
ply, [so] the cost will go down, and the
volumes will increase.” He also points
out that a buck-boost converter works
well when you are using a rectified ac

Figure 3 The Cuk buck-boost topology also inverts. It uses
two inductors, which lower the fast-slewing currents into both
the input and output capacitors.

O —Vour )
Knowing that so many ap-

plications exist for buck-boost
circuits, it behooves diligent
analog-system engineers to
learn more about them. Start
with the terminology. An iso-
lated-flyback converter can
provide a fixed output volt-
age even as the input voltage
swings higher and lower than
the output. Yet no one refers
to a flyback converter as a
buck-boost converter. Anoth-
er example is the PFC (pow-
er-factor-correction) circuit in
an offline power supply. Even
though the first stage is a boost
converter and the second stage
is a buck, engineers rarely refer
to this architecture as a buck-
boost  converter. Switched-capacitor
buck-boost circuits, such as National
Semiconductor’s LM3355, exist, but
most designers think of inductive con-
verters when they hear the term “buck-
boost.” Other sophisticated converter
topologies, such as the isolated Tesla-
Converter from Tesla, can perform the
buck-boost function, but engineers al-
so do not refer to them as “buck-boost”
converters.

The classic buck-boost is a
single-switch converter with
an inverting architecture (Fig-
ure 2a). Because it is invert-
ing, the circuit can have an
output voltage either higher
or lower than the input volt-
age, no matter which volt-
age is changing or whether
both are changing. When the
switch closes, the inductor
builds up a current. When the



switch opens, the inductor still
tries to flow that current, so the
switch side of the inductor goes
negative, and the inductor cur-
rent then charges up the out-
put capacitor to a voltage that
is negative with respect to the
input voltage. With a 5V input,
the circuit would work just as
well, producing —4 and —6V
(Figure 2b). As with most oth-
er power architectures, there
are many valid variations on the single-
switch converter. By rearranging the in-
ductor, you can make a negative-to-pos-
itive buck-boost converter (Figure 2c).
Like simple buck or boost architectures,
the buck-boost converter can operate
in either continuous or discontinuous
mode.

The simple inverting buck-boost to-
pology certainly works, but one draw-
back is that the switching action of the
power transistor creates a high current
ripple in the input capacitors. California
Institute of Technology Professor Slo-
bodan Cuk solved this problem in 1976

Figure 4 The SEPIC (single-ended
verter) can buck or boost one positive voltage to another

positive voltage. The capacitor in the power path prevents
backflow from the output to the input.

when he invented the Cuk-converter
topology (references 1 and 2 and Fig-
ure 3). By adding a second inductor and
using a capacitor to transfer the energy,
the Cuk converter surrounds the switch
with inductors. Because the input ca-
pacitor feeds the nonswitching side of
an inductor, no input current changes
faster than a triangle wave. Similarly,
the circuit feeds the output capacitor
with the nonswitching side of a second
inductor, so a triangle wave of current
also charges those capacitors, yielding
less ripple voltage and, therefore, less
heat in the capacitors. Although using

primary inductance con-

two inductors is more expen-
sive, you can often use lower-
value input and output capaci-
tors, which can provide cost
savings. The slower-changing
capacitor currents cause the
circuit to generate less EMI
(electromagnetic interference)
and RFI (radio-frequency in-
terference)—a boon for auto-
motive applications. The slow-
input-current variation means
that you can eliminate the use of an in-
put capacitor, and, because the current
over the car’s wiring is a triangle wave,
the converter circuit does not generate
much objectionable electrical noise.
One limitation of both conventional
buck-boost and Cuk converters is that,
unlike a SEPIC (single-ended-primary-
inductance-converter), they invert the
input voltage. Like the Cuk converter,
the SEPIC uses two inductors (Figure
4). The SEPIC transposes the position
of the inductor and the diode so that the
output voltage is positive. The down-
side is the inductor and the diode are




in the opposite place from those in the
Cuk converter and thus impress a high-
er instantaneous rate of current change
across the output capacitor. The SEPIC
also provides a noninverted output volt-
age, so you can adapt almost any boost-
converter IC to a SEPIC topology. Some
companies, including Linear Technol-
ogy, label parts, such as the LT1513, as
SEPIC ICs.

One benefit of both the Cuk and the

SEPIC architectures is that v
N O

voltages to be the same polarity is a cir-
cuit that converts a 4.2 to 2.5V lithi-
um-ion cell voltage to 3.3V. You could
use SEPIC:s in this application, but they
commonly have efficiency of only 82
to 85%. When trying to squeeze every
last bit of energy from a lithium-ion cell,
this efficiency is unacceptable. In this
case, designers can turn to a four-switch
synchronous-buck-boost  architecture
(Figure 5). This topology uses only

one inductor but four power transistors
to make the inductors serve as buck or
boost converters, depending on the in-
put voltage. The input and output cur-
rent may experience greater ripples than
those for a Cuk converter, but handheld
devices now use ceramic power capaci-
tors that have low ESR (equivalent-se-
ries resistance) and ESL (equivalent-se-
ries inductance) so the ripple currents
create no associated ripple voltage. As

you might imagine, the
O Vour

they do not allow power to
flow back through the con-
verter because they include
a capacitor that transfers the
energy from the input to the
output. This feature may pro-
vide a significant benefit in
battery charging. The capac-
itor prevents current from
flowing from the battery back-
ward though the part and into
the input.

Another application that
needs the input and output

1T+

Figure 5 The synchronous-H-bridge four-switch buck-boost con-
verter also creates a positive voltage but with higher efficiency
than the other architectures.

C'OUT

challenge with the syn-
chronous-buck-boost
verter is control. Two pow-
er switches act to convert
between buck and boost
modes. The other two tran-
sistor switches are synchro-
nous rectifiers just as they
are in synchronous-buck or
synchronous-boost convert-
ers. All four transistors must
switch seamlessly as the
converter slews between the
buck and the boost modes.

con-
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The handheld-system market, with
its high volumes and good margins, has
caused many vendors to rise to the chal-
lenge of making synchronous buck-boost
converters. “We have taken that tradi-
tional four-switch buck-boost and bro-
ken it up into two control loops to give
you either a boost converter or a buck
converter,” says Michael Day, an appli-
cations manager at Texas Instruments.
“We have optimized the control system
to provide maximum efficiency at a 3.6V
input voltage.” According to Day, some
conventional four-switch buck-boost to-
pologies operate all four switches at once
when the input and output voltages are
close to each other.

Carl Nelson, an analog designer at
Linear Technology, calls this mode “fly-
back” because the part stores energy in
the inductor and then switches it into
the output capacitor. The TI TPS63000
uses its two control loops to operate
either the buck or the boost switches but
never all four. This approach allows the
units to achieve better than 95% effi-
ciency over a wide input range. As the
part switches between buck and boost
operation, it may seem as though all four
switches are operating at once, but the
part is first performing one buck cycle
and then a boost cycle. As soon as the
input and output voltages diverge, the
part locks into one mode of operation.
Because the part never operates in four-
switch mode, the synchronous FETs are
simply serving as low-loss diodes.

Similarly, Linear Technology offers the
LTC3440, which debuted in 2001 and
now includes more than a dozen parts.
The company also offers the LTM4605
module, whose efficiency never falls be-
low 93%, along with a buck-boost con-
troller that allows you to use four exter-
nal transistors. The LTC3780 can take
as much as 36V on the input, so you
can use it in automotive and industrial
applications requiring the buck-boost
function.

Because the number of applications
using lithium-ion batteries is grow-

ing, many analog-design companies are
making parts to buck and boost the bat-
tery voltage. For example, Analog De-
vices recently released the four-switch
H-bridge-synchronous ADP2503 and
ADP2504 buck-boost converters with
a switching frequency of 2.5 MHz. The
devices use an average-current-mode
architecture to improve transient re-
sponse, providing good load regulation
and preventing overshoot when deliv-
ering a sudden current surge. Like oth-
er synchronous-buck-boost parts, the
ADP2503 can provide power from one
lithium-ion cell and maintain more-
than-92% efficiency. The part also has
a low quiescent current, so efficiency
remains high even at low output-power
levels. Another device, National Semi-
conductor’s LM3668, bucks or boosts a
lithium-ion cell to 3.3V or similar volt-
age, outputs 1A, and switches at 2.2
MHz.

IC vendors have reduced the com-
plexity and the design challenge of com-
pensating a system that may have as
many as four poles in the power path.
This feature allows system designers to
concentrate on the architecture of the
products rather than the minutiae of
the control algorithms for a power con-
verter. Cuk, SEPIC, and buck-boost to-
pologies are all becoming as easy as the
ubiquitous buck regulator to use. Be sure
to consider these topologies in your next
design.EDN

REFERENCES

@l “Cuk converter! http://en.wikipedia.
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& Middlebrook, RD, and Slobodan Cuk,
“A general unified approach to model-
ling switching converter power stages,’
International Journal of Electronics, Vol-
ume 42, Issue 6, June 1977, pg 521.

AT EDN.COM >

Go to www.edn.com/080501df
and click on Feedback Loop to post
a comment on this article.

You can reach

Technical Editor
at

1-408-745-1994

and paul.rako@
reedbusiness.com.




~N
J

L I
) TECHNOLOGY

\_

\_

DESIGN
NOTES

Versatile TFT LCD Bias Supply and White LED Driver
in g 4mmMm x 4mm QFN — Desiyn Note 440

Eddy Wells

Introduction

The makers of handheld medical, industrialand consumer
devices use a wide variety of high resolution, small to
medium sized color TFT LCD displays. The power supply
designers for these displays must contend with shrink-
ing board area, tight schedules, and variations in display
typesand feature requirements. The LTC®3524 simplifies
the designer’s job by combining a versatile, easily pro-
grammed, TFT LCD bias supply and white LED backlight
driver in a low profile 4mm x 4mm QFN package.

The LTC3524’s 2.5V to 6V input supply range is ideally
suited for portable devices powered from Li-lon or
multiple alkaline or nickel cells. Both the LCD and LED
drivers operate at 1.5MHz, allowing the use of tiny, low
cost, inductors and capacitors.

The TFT bias portion of the circuit consists of a syn-
chronous boost converter, adjustable between 3V and
6V, providing the main analog Vqyr for the TFT. Low
current gate drive voltages (VH and VN) are generated
using integrated charge-pump circuits. These low noise
outputsare programmable to +20V, allowing optimal bias
for multiple display types and makers. The TFT outputs
are sequencedat power-up and discharged at power-down
as shown in Figure 1.

VH
/ | Vour \
5V/DIV i Vi .
| VN i
_—— e — —
sms/DIV DN.4EWF01

Figure 1. LTC3524 TFT LCD Supply Sequencing
at Power-Up and Power-Down

Asecond nonsynchronous boostconverter generates the
voltage required to regulate one or two LED strings at
up to 25mA each. LED current can be adjusted by either
analog or digital means, optimizing the TFT display for
varying ambient light conditions. Each string is indepen-
dently enabled and can contain 1 to 5 LEDs in series.
Internal circuitry maintains equal current in the strings,
even when the forward voltage drops of the LEDs do not
match. Open LED protection is provided to prevent the
output from exceeding 24V.

3-Output TFT Supply with Digitally Dimmed LED
Backlight

A LTC3524-based TFT and backlight solution fora 4 to 6
inch LCD is shown in Figure 2. High frequency operation
of the power components and the QFN package shrinks
the total converter footprint to approximately 120mm?
(single sided).

A7, LT, LTC and LTM are registered trademarks of Linear Technology Corporation.
All other trademarks are the property of their respective owners.

LEDE  LED7 LEDE  LEDS
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24Y=4.5Y LTC3524EUF
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-
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www.linear.

DN4EW F02

Figure 2. LTC3524-Based LCD and White LED Supply
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The circuit schematic is shown in Figure 3. The TFT bias
portion of the circuit provides a 5V, 25mA output for the
TFT drivers as well as 12.5V and —7.5V outputs with up
to2mAforthe gate bias. These voltages are programmed
using the FBVO, FBH, and FBN pins respectively.

As shown in Figure 1, these outputs are sequenced with
Vour, VN, then VH powered, as required by most displays.
The outputsareactively discharged when ELCD is brought
low, removing voltage from the display.

The white LED backlight for the Figure 3 circuit consists
of two strings with four series LEDs. The LEDs are
driven from the high side with the LTC3524, allowing the
strings to terminate at ground, reducing the number of
wires required to power the display. With Rprgg = 100k,
each LED is regulated to 20mA. Maximum power for the
backlight is approximately 600mW, assuming a forward
voltage around 3.6V per element.

+ [ 100H | 3.3uH
_Jl— Lidon == 224F I.rvaﬂr\ -
= = SW Vin W2 10uF
VLED
Vo TR R
2omA T 1™ eoz - HEHHH
- ™ TR R R
B g gt liote Leot HHSHH
_l__:T — v2x  Tossp4  PROG MY
047yF o ELED2 — 100k for 20mA —-
T Lo ELEDT 3 -
- L c2” ELCD VlN

omA VH FBN MA~Vout
< 470k
0.47uF Som Sim
3 - —75V
L 200k 2mA

CH* CH™ GND CN*

Eﬁj H‘MJI

DN4EW FO3

Figure 3. Complete TFT and LED Solution

Dimmingisachieved by changing the duty cycle ofa200Hz
power signal applied to the LED strings. The frequency is
high enough to prevent visually detectable flickering, but
low enough to allow a better than 100:1 dimming range.
Dimming is implemented by simply connecting a micro-
processor controlled port to ELED1 and ELED2. Scope
waveforms at 50% duty cycle are shown in Figure 4.

Data Sheet Download

www.linear.com

ELep1 AND |——

ey T lsuiv

w w w w

INDUCTOR |[Mm | [NGWhW | [ | e

Vie 1294 10V/DIV
o

LEDZ \.- \ \ i 10V/DIV
5OOIJS/DIV DN4EW FO4

Figure 4. Burst Dimming Waveforms

Efficiency results for this design are given in Figure 5
with a 3.6V input. The LCD efficiency curve shows the
performance of the synchronous boost converter with
VouyT at 5V and varying load current. This curve includes
thenoload quiescentcurrent of the charge-pumps, which
are powered from Voyr.

Analog dimming of the LEDs can be implemented by
adjusting the current through the PROG pin. Efficiency
for analog dimming is shown in Figure 5. Efficiency with
PWM dimming would remain close to 78% over a wide
dimming range.

100

Viy =36V

90
9 LCD —_— |
% 80 LED
S — |
& e

70 //

60

5 10 15 20 25

Vour OR LED STRING CURRENT (mA)

DN4EW FO5

Figure 5. LCD Bias and LED Efficiency

Conclusion

The LTC3524 shrinks and simplifies the design of small
to medium sized TFT LCDs by combining the LCD supply
and LED driver in a single compact package. LCD bias
voltages and LED currents are programmable, making
it possible to simplify parts stock by using the LTC3524
for a wide variety of displays.

For applications help,
call (408) 432-1900, Ext. 3222

Linear Technology Corporation
1630 McCarthy Blvd., Milpitas, CA 95035-7417
(408) 432-1900 ® FAX: (408) 434-0507 ® www.linear.com
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Op Amp Circuit Collection

Low Bias Current !l

LT LNER

AMPLIFIER TYPE

APPLICATION

Any

MATCHING CIRCUITS

The Following Circuits match

the search criteria selected above.

40nVpp Noise, 0.05uV/C
Drift, Chopped...

60Hz Notch Filter

Accelerometer Signal
Conditioner

DC Accurate Composite
Amplifier

Eight Decade Current
Sensing Log Ampl...

Inverting Charge Amplifier

Large Area Photodiode
Bootstrapping

Quality Careers Contact Us MyLinear

PRODUCTS ~ SOLUTIONS DESIGN SUPPORT ~ PURCHASE COMPANY | Search I

SELECTED CIRCUIT

Shock Sensor Amplifier (Accelerometer)

+

MURATA
pkes-ooLD =

700F L
0°SENSOR =

2
p— Voyr = 109mV/g
LTC6081 BW ~ 2.2kHz

| View Product Page

View Full Size Imaée, I | View Original Data Sheet

Low Noise 1MW
Trans-Impedence Amplifier

Low Noise AC Difference
Amplifier

Shock Sensor Amplifier
(Accelerometer)

=

A shock sensor is a capacitive piezoelectric element that generates a charge under physical
acceleration. This charge can be converted to a voltage and filtered using high valued resistors
and a high input impedance CMOS amplifier such as the LTC6081. This circuit has a gain of 100
and output of 109mV per g of acceleration.

@ Precision Low Bias Current CMOS Op Amps ' V Info & Free Samples

Is/Amp www.linear.com/circuits

PartNo. | Ig (pA) V05 (W) GBW I Ghannels Comments Package

Max. |(MHz) W 1-800-4-LINEAR
LTC°6081| 02 | 70 | 3.6 | 04 2 TCVps = 0.84V/°C Max. MS-8, DFN-10
LTC6082 | 02 | 70 | 36 | 04 4 TCVos = 0.84V/°C Max.  |DFN-16, SSOP-16 /\
LTC6087 1 750 14 1.2 2 General Purpose MS-8, DFN-10 EkEE
LTc6088 | 1 | 750 | 14 | 12 | 4 General Purpose DFN-16, SSOP-16 LTspice/SwitcherCAD
LTC6078 | 02 | 25 |075|0072| 2 TCVos = 0.74V/°C Max. MS-8, DFN-10
LTC6079 | 02 | 25 |075|0072| 4 TCVos = 1.44V/°C Max.  |DFN-16, SSOP-16
LTc6240 | 02 | 175 | 18 | 24 | 1 |Low Frequency Noise = 550nVp.p| SOT-23-5,50-8 www.linear.com/designtools/software
LTC6241 | 02 | 125 | 18 | 2.2 2 |Low Frequency Noise = 550nVp.p| DFN-8, SO-8
LTC6242 | 02 | 150 | 18 | 22 4 |Low Frequency Noise = 550nVp.p | DFN-16, SSOP-16 5% 17 and 27 are rgisterd rademarts of Lnear
LTC6244 | 1 100 | 50 | 5.8 2 | Low Frequency Noise = 1.54Vp.p | DFN-8, MS-8 o v ather trademarts are the property of thelr
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36V Buck Converters

Vour

BOOST

L
.+ LT3680
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SYNC GND

Burst Mode® Qutput Ripple

v
10mvDI “‘"WW#WMM“"M\/‘ [y
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Vigur = 3.3V
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Efficiency
100
9
= 90 L
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Vour =5V
70
0 05 1 15 2 25 3 35
Output Current (A)

2.4MHz, 3.5A Ioyr, 75pA I, 10mVp_p Ripple, 3mm x 3mm DEN

Linear’s growing family of 36V input-capable buck converters has the performance and features demanded by automotive,
industrial and medical applications. These devices have programmable and synchronizable high frequency operation to
keep externals small and high efficiency conversion to minimize thermal issues. Many devices feature micropower opera-
tion, suitable for always-on applications. With very low output ripple from no-load to full load, these converters reduce
noise and provide best-in-class output currents in compact packages.

WV Selected 36V+ Buck Converters

Part No. Viy Range I&'\J)T Frequency la P?'t:lk':g);e
LT®3470 4V to 40V 0.2 Hysteretic Mode 26pA 2 x 3 DFN-8, ThinSOT™
LT3502/A 3V to 40V 0.5 1.1MHz/2.2MHz 1.5mA 2 x 2 DFN-8
LT3505 3.6V 10 36V, 40V Max. | 1.4 300kHz to 3MHz 2mA 2 x 3 DFN-8, MSOP-8E
LT3681 3.6V to 34V, 36V Max. | 2.0 300kHz to 2.8MHz | 50pA 3 x4 DFN-14
LT3684 3.6V to 34V, 36V Max. | 2.0 300kHz to 2.8MHz | 0.85mA | 3 x 3 DFN-10, MSOP-10E
LT3481 3.6V to 34V, 36V Max. | 2.0 300kHz to 2.8MHz | 50pA | 3 x 3 DFN-10, MSOP-10E
LT3685 3.6V to 38V, 60V Max. | 2.0 200kHz to 2.4MHz | 0.85mA | 3 x 3 DFN-10, MSOP-10E
LT3480 3.6V 10 38V, 60V Max. | 2.0 200kHz to 2.4MHz | 70pA | 3 x 3 DFN-10, MSOP-10E
LT3680 3.6V to 36V 3.5 200kHz to 2.4MHz | 75pA | 3 x 3 DFN-10, MSOP-10E
LT3508 3.7V 10 36V, 40V Max. | 1.4 x2 | 250kHzto 2.5MHz | 4.6mA | 4 x 4 QFN-24, TSSOP-16E

TECHNOLOGY

WV Info & Free Samples

www.linear.com/3680
1-800-4-LINEAR

\w(‘“
Free Automotive
s Electronics Solutions
ﬂ Brochure

o

www.linear.com/autosolutions

AT, LTC, LT, LTM and Burst Mode are registered trademarks and
ThinSOT is a trad % of Linear Technology Corporatic 1
other trademarks are the property of their respective owners.
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Circuit and software provide accurate
recalibration for baseline PIC
microcontroller’s internal oscillator

Noureddine Benabadji,

University of Sciences and Technology, Oran, Algeria

All of Microchip’s (www.micro

chip.com) baseline PIC micro-
controllers have internal 4-MHz oscil-
lators, which are useful for freeing up
one or two pins for I[/O use and allow-
ing you to build minimal-component-
count designs using these devices. You
must calibrate the internal oscillator by
reading a factory-programmed calibra-
tion setting that resides at the last ad-
dress in the user-program memory and
then writing that setting into the mi-
crocontroller’s oscillation-calibration

register during the application soft-
ware’s initialization of the device. Be-
cause the calibration value is unique to
each microcontroller, problems arise
for time-sensitive applications if you
erase or overwrite the last address.
The circuit in Figure 1 recovers
the calibration value by recalibrat-
ing against a reference clock, the 4-
MHz crystal. The frequency looks for
the best calibration value to ensure
that the microcontroller’s internal os-
cillator runs within 1% accuracy at 4

NIO

READERS SOLVE DESIGN PROBLEMS

EDITED BY CHARLES H SMALL
AND FRAN GRANVILLE
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Dls Inside

54 Microcontroller moving-dot dis-
play interface uses three 1/0 lines

56 Microcontroller displays
multiple chart or
oscilloscope-timing ticks

56 Fast-settling synchronous-
PWM-DAC filter has almost no

ripple

58 Switched-gain op amp serves
as phase detector or mixer

What are your design problems
and solutions? Publish them here
and receive $150! Send your
Design Ideas to edndesignideas@
reedbusiness.com.

MHez. You can download the micro-
controller’s program and a flow chart

5V

16
12 | MR cb 14-STAGE BINARY COUNTER 4 C,
= _LDO_"_DO_”_C 100 nF
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= RTC c1e as[as4[ as[ae a7 [as] aglatijat2]ais 5
R, 10 9 7| 5| 4 6| 14[13[ 18] 1] 2| 3 —
) 1M | O OO0 O O O O O O O
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2 = —L L3 GPO 5
47 pFI 147 pF R,
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?GPS GP1 T\/‘/\/‘ﬂ
GP2 ® ®
3 LED, LED, LED, LED,
Voo Vss DISPLAYING A 4-BIT NIBBLE
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O o =
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Figure 1 This circuit and an assembly-language program that occupies less than 250 bytes allow you to calibrate a
PIC10F2xx microcontroller against a 4-MHz reference clock.
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in a compressed zip file from www.edn.
com/080501dil.

The baseline PIC microcontroller,
which includes the PICI1O0F, PIC-
12C508/509/510, or PIC16F505/506
series, uses its internal timer, Timer
0, to count the number of instruction
cycles that execute in one period from

output Q8 of a Fairchild Semiconduc-
tor (www.fairchildsemi.com) CD4060
oscillator/divider to the only input,
GP3, of the PIC microcontroller. The
4-MHz crystal drives the CD4060,
which yields a period of 128 psec from
the output Q8.

The four LEDs display the two 4-

Microcontroller moving-dot display
interface uses three I/O lines

Abel Raynus, Armatron International, Malden, MA

The moving-dot display has

some benefits over the bar-
graph display: It better indicates the lo-
cation of a detected object in sonar and
radar applications; it needs only one
LED’s current-limiting resistor instead
of several; and it provides the same
current for all LEDs, thus providing
even brightness. When a new design
required adding a seven-LED moving-
dot display to an 8-bit, low-end micro-
controller, a question arose about the
corresponding interface. Of course, the
most cost-effective approach is to di-

rectly connect the LEDs without any
extra parts. But this approach needs
seven vacant microcontroller-output
pins, which microcontrollers with lim-
ited I/Os often cannot afford.

A previous Design Idea describes a
one-wire interface that applies only to
a bar-graph display, not to a dot display
(Reference 1). Another tack would
be interfacing using serial-to-parallel
shift registers or a serial-input Johnson
counter. But small microcontrollers
often lack a SPI (serial-peripheral in-
terface), and you must use firmware to

T O

R
1 ! VDD //
3 14
Ve IN ouTH H LED,
i
a0 |71 A out2 12 H LED,
MC68HC900QT1 pA1}6 10 7
outs 12 H LED,
39 IC,
PA4 C cp4os1 4
v outa H H LED,
SS
8 //
L outs >y LED,
e INH A
2
7 e LED
VCC
o
out? |4 H LED,
VSS

BJT_ 1

Figure 1 Using the 1-to-8 CD4051 analog demultiplexer you can interface a
moving-dot LED display to a low-end microcontroller using just three outputs.

| MAY 1, 2008

bits nibbles of the 8-bit oscillation-
calibration register’s best value. Out-
put GP2 acts as a multiplexing line to
drive these LEDs for 8 to 10 sec and
then as the oscillator output to yield a
1-MHz signal, which you can measure
with a frequency meter or an oscillo-
scope.EDN

re-create it (Reference 2). The meth-
od in this Design Idea needs three out-
put lines—data, clock, and latch—and
requires some firmware and hardware.
Exploiting the fact that only one LED
in a dot display should light at a time,
you can use National Semiconductor’s
(www.national.com) CD4051 1-to-8
analog demultiplexer (Figure 1). This
circuit needs three microcontroller
outputs, and the firmware is simple and
straightforward. The additional bene-
fit is that the microcontroller now does
not limit the LED current and voltage;
you can choose them independently.

Listing 1, which you can download
from the Web version of this Design
Idea at www.edn.com/080501di2, pro-
vides demo firmware illustrating this
design. The demo program automati-
cally moves the lit dot back and forth
by incrementing and decrementing a
modulo-7 counter. Ideally, any three
adjacent microcontroller outputs,
such as pAQ, pAl, and pA2, are avail-
able for the A, B, and C inputs of the
CD4051. But, this scenario is not al-
ways possible. In this application of a
low-end, eight-pin MC68HC908QT 1
microcontroller, you can use pins pA2
and pA3 only as inputs. You can eas-
ily overcome this problem by program-
ming, as Listing 1 shows. This Design
Idea applies to any small microcon-
troller because it uses only a standard
instruction set.EDN

REFERENCES

il Jayapal, R, “Microcontroller’s
single I/O-port line drives a bar-graph
display, EDN, July 6, 2006, pg 90,
www.edn.com/article/CA6347254.
@ Raynus, Abel, “Squeeze extra
outputs from a pin-limited microcon-
troller, EDN, Aug 4, 2005, pg 96,
www.edn.com/article/CA629311.



3.3V video filters save cost
by eliminating 5V supplies

MAX9584 uses less than half the power
and space of the competition

A
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2 NI/
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e General consumer electronics
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Microcontroller displays multiple
chart or oscilloscope timing ticks

William Grill, Honeywell, Lenexa, KS

While working with a 10-bit

DI-184 module from Dataq to
monitor and display vibration-sensor
data, I found that, although the chart
displays a time index, this time refer-
ence is not visible in the saved file.
You can add time ticks, representing
seconds or minutes, to a chart graphic

by using a simple and inexpensive crys-
tal-based microcontroller to generate a
sequence of tags on a dedicated chart
channel. Figure 1 shows a small, eight-
pin 12F508 microcontroller from Mi-
crochip Technology (www.microchip.
com) that provides multiple timing
ticks. Listing 1, the microcontroller’s

VDD3 TO 5V
1 e
B 4 7, 10k
A 8 TO CHART

10pF 2| 12F508 ADC

TIMING-
SEQUENCE | 000~ 0O AMHz L

MODE

10 pF 8

Figure 1 An 8-bit microcontroller with output pins 5 and 7 configured as a 2-bit
DAC provides precise timing ticks to annotate captured data.

program is available in the Web version
of this Design Idea at www.edn.com/
080501di3. It offers four timing sequenc-
es. You can select a timing sequence
by strapping pins 4 and 6 (Table 1,
also at www.edn.com/080501di3).

The 4-MHz crystal maintains a sol-
id instruction-timing reference, and
equalized coded branches in the list-
ing maintain accurate timing ticks.
You can also configure the 12F508
with an internal, 4-MHz RC oscilla-
tor. You base the coded loops on a se-
quence of exactly 25 instructions, and
they provide a fundamental, base-ref-
erence loop that is exactly 100 instruc-
tions. A 16-bit register counter serves
as the multiplier to produce the base
timing. For use with scopes, you can
recode the listing with minor chang-
es to use 50 instructions or a 50-pusec
base-timing-tick minimum. The 8-bit
registers in the equalized loop provide
multipliers to produce the additionally
tiered output. The microcontroller uses
two output pins, 5 and 7, as a pseudo
2-bit DAC. This configuration gener-
ates one of four voltage levels for tim-
ing ticks that display continuously, and
you can record them along with appli-
cation data.EDN

Fast-settling synchronous-PWM-DAC filter has almost no ripple

W Stephen Woodward,
Chapel Hill, NC

An inexpensive way to imple-

ment high-resolution digital-
to-analog conversion is to combine
microcontroller-PWM (pulse-width-
modulated) outputs with precision
analog-voltage references, CMOS
switches, and analog filtering (Refer-
ence 1). However, PWM-DAC design
presents a big design problem: How do
you adequately suppress the large ac-
ripple component inevitably present in
the switch’s outputs? The ripple prob-
lem becomes especially severe when
you use typical 16-bit microcontroller-
PWM peripherals for DAC control;
such high-resolution PWM functions
usually have long cycles because of the
large 2'° countdown modulus of 16-bit

| MAY 1, 2008
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Figure 1 This DAC ripple filter combines a differential integrator, A,, with a
sample-and-hold amplifier, A, in a feedback loop operating synchronously

with the PWM.



First monolithic, 32-channel,
14-/16-bit DACs with offset
and gain calibration

The MAX5762/MAX5763*/MAX5764/MAX5765* (16-bit) and MAX5773* /MAX5774/MAX5775*
(14-bit) multichannel DACs feature an integrated calibration algorithm that corrects for offset and gain
errors. With 32 channels, these DACs have the industry’s highest level of integration and accuracy.
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32
channels

U1 | [OFFSET AND 0Ac30 | fpac a0
REGISTER 30 [ "GAINCAL  [™>| REGISTERED
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® 32 DACs in 10mm x 10mm, 68-pin TQFN or * Four output voltage ranges
12mm x 12mm, 64-pin TQFP package e 0 to +5V (MAX5762)

e -2.5V to +7.5V (MAX5764/MAX5774)
® -5V to +5V (MAX5765* /MAX5775%)

* SPI-/QSPI™- /MICROWIRE™- and DSP-
compatible 33MHz serial interface

* Programmable offset and gain correction
for each DAC channel

e DOUT for SPI™ readback or daisy-chaining

o Buffered voltage outputs drive 10k Il 200pF « Glitch-free power-up

*Future product—contact factory for availability.
SPI and QSPI are trademarks of Motorola, Inc.
MICROWIRE is a trademark of National Semiconductor Corp.
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timers and comparators. This

is, in theory, infinite, and the

. K X Vour
situation results m ac»frequen—

cy components as inconve-

niently slow as 100 or 200 Hz.

only limit in practice is non-

zero-charge injection from S
into C,. The choice of a low-

Vi

With such low ripple frequen-

injected-charge switch for S,

cies, if you employ enough or-
dinary analog lowpass filtering
to suppress ripple to 16-bit—
that is, —96-dB—noise levels,

and an approximately 1-pF
capacitance for C, can easily
result in ripple amplitudes of
microvolts.

DAC settling can become a

PT4
full second or more.

Optional feedback-voltage
divider R /R, provides flex-

The circuit in Figure 1
avoids most of the problems of PTo
lowpass filtering by combining

ibility in a DAC-output span
with common voltage refer-
ences. For example, if R,=R,,

a differential integrator, A,
with a sample-and-hold am- 0
plifier, A, in a feedback loop
operating synchronously with
the PWM cycle, T, in Figure
2. If you make the integrator
time constant equal to the PWM cycle
time—that is, R, XC,=T,—and, if the
sample capacitor, C,, is equal to the
hold capacitor, C,, then the filter can
acquire and settle to a new DAC value
in exactly one PWM-cycle time. Al-
though this approach hardly makes the

[TTTTTI
NOTE 1 CYCLE SETTING
| =TT |
\
N
T Ty T Ty

DAC=(To—Ty)/Ta.
Vour=DACXVrgrX (1 +Ry/Ry).

Figure 2 The DAC output settles within one cycle.

resulting DAC exactly “high speed,”
0.01-sec settling is still 100 times bet-
ter than 1-second settling. Just as im-
portant as speed, this improvement
in settling time comes without com-
promising ripple attenuation. Ripple
suppression of the synchronous filter

Switched-gain op amp serves
as phase detector or mixer

W Bruce Warren, Marietta, GA

Some op amps, such as the

AD8041 from Analog Devices
(www.analog.com) and the EL5100
from Intersil (www.intersil.com), pro-
vide a disable pin, which allows you
to parallel the outputs of several op
amps for video multiplexing. In addi-
tion to this multiplexing, you can also
use the disable function to configure
the op amp as a phase detector or a
frequency mixer. Figure 1 shows how
the disable function can implement a
low-frequency phase detector. You can
switch the gain of this circuit’s ampli-
fier on and off at the rate of the phase-
reference signal. Doing so produces a
dc component at the output of the op
amp. This component is proportional
to the cosine of the phase difference
between the phase of the input signal

| MAY 1, 2008

and the phase of the reference signal.

In the circuit, the output of the op
amp is: V (0)=V (1) XG(t), where
Vi (D=A cos(wyt+0), and G(t) is
the time-varying gain of the op amp.
G(t) is a 50%-duty-cycle square wave
that switches from zero to G at the fre-
quency of the phase-reference signal.
G, is the gain of the op amp when the
op amp is enabled. Because G(t) is a
time-varying periodic function expand
it in a Fourier series: G(t) =G [1/2+2/
m{cos(w . t) = 1/3cos(Bw )+ 1/
5cos(5wy,.t)+.. }].

Multiplying V, (t) by G(t) and re-
taining only the dc terms, the dec compo-
nent of the output is V .(dc) =(AG /
)cos(0).

The EL5100 op amp in Figure 1 has
a 200-MHz unity-gain bandwidth, and

REF

then a 0 to 10V output span
will result from a 5V refer-
ence. An additional advan-
tage of this method of span
adjustment is that output rip-
ple remains independent of
reference amplification.EDN

REFERENCE

il Woodward, Steve, “Combine two
8-bit outputs to make one 16-bit
DAC, EDN, Sept 30, 2004, pg 85,
www.edn.com/article/CA454640.

you can turn its output on and off by
applying a square wave of at least 0
to 4V to the output-disable terminal,
Pin 8. Using the feedback resistances
shown and with G =3, the peak out-
put voltage of the phase detector is ap-
proximately equal to the peak value
of the input signal. The EL5100 has a
disable time of 180 nsec and an enable
time of 650 nsec, which allows you to
gain-switch the device to approximate-
ly 250 kHz. At higher frequencies, the
gain of the phase detector falls off be-
cause the gain-switching no longer has
a 50% duty cycle.

The lowpass filter following the op
amp extracts the dc component of
Vur(t) and has a 3-dB point at 800
Hz. A 1000 resistor in series with
the 0.1-wF shunt capacitor limits the
phase lag of the filter when the phase
detector is inside a PLL (phase-locked
loop). The values in Figure 1 provide
a maximum phase lag of approximate-
ly 65°. Using 5 and —5V power sup-
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plies allows the output swing of the

phase detector to be symmetric at ap- 5V

proximately OV. If your design doesn’t

require this symmetry, you can use a 75 04 pF
single 5V supply with 2.5V positive }—J
offset-biasing of the op amp. In this 1.5k 3k

case, the output swing is symmet-
ric with respect to 2.5V. As with all
wide-bandwidth-op-amp circuits, you
should take care to connect the pow-

er-supply bypass capacitors to ground INPUT D:TTEACSTEO_R
with short connections and as close to | | signaL Yin® 100 QUTPUT
the op amp’s power-supply pins as pos- SIGNAL
. L1 .1 0TO 4V
sible to avoid instability. SQUARE-WAVE- 04 uF j
This same gain-switching scheme = 1k REFERENCE- — I o

also works as a frequency mixer. If SIGNALINPUT  ~ = =

the input signal is at frequency w,
and the reference-square-wave input —
is at frequency o, , the IF output sig-
nal is (o, — o) or (0,_+w,). You ob-
tain the desired IF signal by replacing
the output lowpass filter in Figure 1
with a bandpass filter tuned to the de-
sired IF frequency of o, Zo.. If the
switching rate for the reference sig- | the harmonic mixing using the odd- | of the mixer by a factor of 1/N, where
nal is higher than the disable func- | order harmonics of the reference sig- | N is the number of the harmonic you
tion can provide, then you can use | nal. This approach reduces the gain | are using.EDN

Figure 1 By switching the disable input of the op amp at a reference frequency
and lowpass-filtering its output, you can obtain a dc voltage proportional to the
phase difference of the switching frequency and the input frequency.
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Counterfeiting still a top
concern for distributors

t may not be the No. 1 issue

for distributors, but counter-

feit goods remain a top con-
cern within the electronics sup-
ply chain, according to Robin
Gray Jr (photo), executive vice
president of NEDA (National
Electronic Distributors Asso-
ciation, www.nedassoc.org), a
trade association representing
authorized distributors.

At the May 2007 EDS
(Electronic Distribution Show
and Conference), Gray called
counterfeiting the “number
one threat the industry faces!”
A year later, it's still a principal
problem, Gray reports.

‘It particularly affects man-
ufacturers because it's their
product that is being coun-
terfeited he says. Meanwhile,
authorized distributors have
an opportunity to benefit. As

customers become increas-
ingly concerned about the risk
of buying from a nonauthor-
ized source, Gray says, they are
turning their purchasing power
to authorized distributors.
“[Counterfeiting] is a big,
looming issue for the indus-
try. It's an issue that's going to
be in the spotlight politically,
as the government and law-
enforcement officials take a
more active role in stopping it;
Gray says. ‘It means lost sales,
[and] lost sales translate into

yCNhaiN

LINKING DESIGN AND RESOURCES

lost jobs, less money spent on
innovation and new technology,
loss of IP [intellectual property],
and damaged brands and rep-
utations!

Indeed, the threat has be-
come so great that the Unit-
ed States and the European
Union partnered to seize more
than 360,000 fake ICs and
components in a joint opera-
tion at the end of 2007. The
ICs and components included
more than 40 trademarks from
Intel, Philips, and others and
were worth more than $1.3 bil-
lion. The US Patent and Trade-
mark Office estimates that
counterfeiting and piracy drain
approximately $250 billion and
some 750,000 jobs from the
US economy each year.

Gray will present on industry
trends at EDS 2008 on May 6.

GREENPEACE RAISES BAR WITH ENERGY CRITERIA

Greenpeace wants to see electronics compa-
nies clean up their acts and will soon be rank-
ing OEMs such as Apple, Philips, and Nokia by
stricter criteria.

The environmental organization currently
ranks electronics companies in its Greenpeace
Guide to Greener Electronics based on toxic-
chemical use and e-waste (electronic-waste)
regulations. In the future, Greenpeace plans to
also rank brands against new energy criteria, to
encourage the electronics industry to reduce its
carbon footprint.

The new energy criteria include support for
global mandatory reduction of GHG (green-
house-gas) emissions, disclosure of GHG
emissions plus emissions from two stages of

the supply chain; commitment to reduce GHG
emissions with time lines; proportional use of
renewable energy in total electricity use of
more than 25% operations; and energy effi-
ciency of new end-product models based on
the latest Energy Star standards.

“Most electronics brands are rising to the
toxic-chemical and e-waste challenge issued by
the Greenpeace guide; says |za Kruszewska, a
Greenpeace toxics campaigner. ‘It is now time
to raise the bar and challenge the industry to
take responsibility for the entire life cycle of
products—from production through manufac-
ture and to the very end of their products’ lives!

You can find Greenpeace's current guide at
www.greenpeace.org/greenerelectronics.

ANALOG
DEMAND HOLDS
STRONG

Recent interest from dis-
tributors, including Avnet Inc
(www.avnet.com) and Arrow
Electronics Inc (www.arrow.
com), in the analog segment
of the electronic supply chain
should prove to be opportune
as this year progresses.

Worldwide analog revenue
is expected to increase to
just more than $40 billion in
2008, and grow to more than
$69 billion in 2013, for a
five-year compound annual-
growth rate of 11%, accord-
ing to Databeans Inc (www.
databeans.net).

The market-research com-

NooiiLno

pany expects continued de-
mand for wireless products,
as well as healthy revenue
growth for analog-power
products, to drive the growth.
The two segments combined
to account for more than
40% of the entire $36.4 bil-
lion analog market in 2007,
the company’s data shows.

Demand for application-
specific analog products and
standard-linear products is
expected to be positive this
year, with a large projected
increase in total analog ship-
ments set to offset decreas-
es in average selling prices
of application-specific prod-
ucts, Databeans reports.

In 2007, Texas Instruments
retained its lead in the analog
market, followed by STMicro-
electronics and Infineon Tech-
nologies, according to the
market researcher.

MAY 1, 2008 |
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CONNECTORS

PCB connector and contact series
has a 45A UL rating

The high-power PCB (printed-circuit-board) con-

nector and contact series, using copper-alloy and
contacts with tin plating, complies with ROHS (re-
striction-of-hazardous-substances) directives. Designers
can preassemble units in the series into one- or two-row
configurations, reducing assembly costs and eliminat-
ing connector separation. The connectors and contacts
are also available separately, allowing customization of
connector configurations. The devices work with the
vendor’s Powerpole 15/45 Fingerproof connector hous-
ings and provide a 45A UL rating per circuit. Available
in a variety of colors, the series also offers mounting
wings, spacers, and board-mounting staples. The 1X2
vertical series costs $1.21 each, and the 2X3 R/A series
costs $3.46 each (1000).

Anderson Power Products, www.andersonpower.com
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other options for low cost, low
power modules including proprietary mesh with
sleeping routers, 802.15.4, 433MHz and 900MHz?
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Each is FCC Certified for unlicensed operation, saving you
even more. All from a name you trust ... Cirronet.

Call or visit our web site today!

+1.678.684.2000

www.cirronet.com CIRRONET
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Windows-based design tool improves

wire-harness quality

The Windows-based E’.cable 2008-series design tool

provides design requirements based on the nature of
the end products, industry legislation, and safety mandates.
The tool provides development of detailed wiring, cabling,
and harness designs for the automotive, military, and aero-
space industries. The wire-harness design, targeting cars,
trucks, and specialized vehicles adds industry-specific func-
tions, reducing the need for manual activities. For airplanes,
helicopters, and military-application designs, the tool focus-
es on reducing effort, increasing design quality, and claiming
100% reliability. The E’.cable 2008 series costs $12,000.

Zuken, www.zuken.com

Connector family
includes magnetic jacks

Targeting networking routers, switching hubs, set-top

boxes, printers, and networking adapters, the vendor’s
RJ45 connectors portfolio now incorporates magnetic jacks.
The devices suit use with 10/100 and 1000BaseT Ethernet
connections. The connectors have a 1.5A and 150V-ac volt-
age rating with or without LEDs. Prices for the RJ45 con-
nectors range from $1 to $2.10 per port for the 1000BaseT
version and 60 to 90 cents per port for the 10/1000BaseT
version.
FCI, www.fci.com
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DANIEL VASCONCELLOS

TALES FROM THE CUBE BY DOUG MARSH ¢« CONSULTANT

Watch those power leads!

n the Western Electric IC-manufacturing line of the early
"70s, bipolar chips used “beam-lead” technology, which
entailed a few back-end-wafer steps to add metallic beams
onto each chip. Placing the die and then pressing the beams
onto the lead frame would mechanically and electrically con-
nect the die to the package leads. A three-amplifier biquad
second-order-filter structure had become popular. To obtain

higher order structures, a cascade of
biquads would typically suffice.

The filter designers asked for a
three-amplifier DIP so that each biquad
would need only one DIP; the design
would use thin-film resistors and capac-
itors rather than discrete components.
Designers would customize resistors
and capacitors for each biquad variant
in the total filter. We used our yields
and manufacturing costs to determine
that, for the next few years, costs would
be lower if we used three chips in one
DIP. We designed a lead frame that
would accept three dice and went to
manufacturing.

Filters began rolling off the line.
About a year later, someone in our fil-

ter-manufacturing plant reported that
he was getting field failures for a product
that employed several biquads per filter.
These products were not simply out of
spec; the filter was nonfunctional.

The filter team found that the op
amp was the culprit. | asked for a quan-
tity of the biquads along with the filter
schematic, and, a few days later, 50
dead biquad modules arrived on my
desk. After a detailed investigation of
each filter, I observed that most had a
defective DIP.

[ removed and retested several tri-
ple-op-amp DIPs from the board. In
every case, the center op amp was defec-
tive, and the failure signature suggested
that it was disconnected from its posi-

tive-power supply. I opened a couple of
the packages and tested the leads. The
positive power to the lead was intact up
to the beam lead, and the bonding ap-
peared sound. Because the beam leads
were on the active side of the die, after
bonding, the die was face down. Using
a knife, I cut the beam leads on three
sides of the center die and flipped it
over. I saw that the wide V; metal run-
ner that connected to the output-driver
transistor on the chip had blown open
close to the beam lead.

I noticed that the V,, and V for
the center op amp came to opposite
sides of the module. So, if you powered
up the module backward, V; would
get the negative voltage, and V, would
get the positive voltage, forward-bias-
ing the substrate diode and allowing
massive current flow. I took a “good”
DIP, reversed the power supplies to the
middle op amp, and slowly increased
the compliance limit on the power sup-
ply. After destructive testing of several
parts, I determined that, at 300 mA for
10 seconds, the V j, blew.

But the packages took nine months
to fail in the field. When the team
leader for the filter design observed
testing, he saw that the operator would
sometimes accidentally insert a fil-
ter backward, and the power-supply
current would spike. Upon rotating
the module and retesting, the device
passed. They sent me some, and I found
that the center op amp was good, but
the V|, was badly damaged. In-field
electromigration slowly ate away what
little V_, remained. Because changing
the DIP would also require changing
its motherboard, we found another op-
tion. I tested a few dice and found that
I could run the supplies reversed for 24
hours at 250 mA with no visible dam-
age. The filter test center reduced the
current compliance limit to 200 mA,
and field failures of this type never re-
curred.EDN

Since 2001, Doug Marsh has done
part-time analog-design contract work.
Like him, you can share your Tales
from the Cube and receive $200. Con-
tact edn.editor@reedbusiness.com.
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* Registration for our free catalog -
mailed to you or download a PDF

So welcome to the new Astrodyne.com: it's where
power shoppers get the most Rapid Resolution to
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Littelfuse is recognized
around the world as the #1
brand in circuit protection

With the industry’s broadest and deepest portfolio of circuit protection
technologies, Littelfuse is the company that engineers trust to answer their
most critical circuit protection questions. Whether you need overcurrent or
overvoltage products, Littelfuse has the expertise to help you.

Don’t take chances when it comes to circuit protection, contact the experts
today! Visit www.littelfuse.com for more information.

WA Littelfuse

Expertise Applied | Answers Delivered





