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PRECISION POWER
SA303-1HZ

64-PIN QFP, PACKAGE STYLE HQ
JEDEC M0-188

(actual footprint)

NORTH AMERICA
+1 800-625-4084

ASIA PACIFIC
+852 2376-0801

JAPAN
+81(3) 5226-7757

EUROPE/UK
+44.(0) 1628-891-300

LEARN MORE AT
www.cirrus.com/sa303edn

1-800-546-2739 or apex.support@cirrus.com. lhe 4
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PRECISION POWER

Product Innovation from Cirrus Logic

Protection = Performance

» Over Current

» Short Circuit

s Thermal Protection

» Cycle-by-Cycle Current Limit
» Undervoltage Lockout

54365_;,";2“

3 A, Three-Phase Motor Driver IC Uses
Protection Features to Deliver Performance Gains

The SA303-IHZ is a pulse width modulation (PWM) motor driver IC designed to protect brushless motors from
operational hazards such as over current, under voltage and over temperature. This newest addition to the
Apex Precision Power® product family can generate performance gains in the overall motor control circuitry by
eliminating motor shutdown and re-starts. For example, should an over-temperature or short circuit occur, the
SA303-1HZ will not shutdown the outputs but instead allows the system to continue running while it signals
the external controller to take corrective action. In most cases, the processor can correct the condition by
utilizing software to remedy the external interrupt.

APPLICATIONS
* Motor Drives — Industrial Controls

Producti
Volume Pricing
10K Pieces USD*

Motor Output

Supply Voltage

i Operation

Interface  Current

restony Autometor SO e AT ooty
> Robotics gE bRy
SA306-IHZ Brushless 5 Acontinuous ~ <9Vto60V $9.90
* Motor Drives — Office Equipment OCMotor 17 APEAK Single Supply )
. . Brushless 8 A continuous <9Vto60V
> Copiers, Fax Machines SASOBATHZ pe'votor — 17APEAK Single Supply $1285
o Vending Machines 5 Brush 3 A continuous 10Vto60V
g ) N SAS3-IHZ DC Motor 10 A Peak Single Supply $4.79
* Motor Drives — Aerospace, Military SASTHZ Brush  5Acontinuous  <9Vt060V $715
> Positioning Control DC Motor 17 APEAK Single Supply )
SASTA-FHZ Brush  8Acontinuous ~ <9Vto60V $9.05
o Aircraft Seating DCMotor 17 A PEAK Single Supply :

* per unit pricing for production estimating only; actual per unit cost through distribution may vary

REQUEST A FREE SAMPLE! B EFREEE
Request a free sample unit of the SA303-1HZ
By visiting www.cirrus.com/sa303edn

For product selection assistance or technical
support with Apex Precision Power products call !

——= CIRRUS LOGIC’
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Over 400,000 products

S
InTgan®

400 supplier partners.

An additional 1,000,000+ components
can be sourced at digikey.com

h The industry’s broadest product selection
in stock from more than available for immediate delivery

www.digikey.com

1.800.344.4539

*Digi-Key is an authorized distributor for all supplier partners. New products added daily. © 2009 Digi-Key Corporation, 701 Brooks Ave. South, Thief River Falls, MN 56701, USA
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“How can | tell if a power supply is reliable?”

© 2009 Agilent Technologies, Inc.

There's an indicator on the front.

It says “Agilent.” With a typical MTBF of 40,000 hours, over half-a-
century of experience, and with more than 250 models to choose
from, Agilent’s power supplies are the ones you can count on. In fact
the array of our power supplies is so extensive, it wouldn't fit on this
page. For clean, low-noise, programmable power to countless DUTs,
there’s an Agilent power supply with your name on it. Actually, it's
our name on it, but you know what we mean.

Agilent Authorized Distributors

Hensley Instrument Engineers
877-595-7447 800-444-6106

Agilent Technologies




Microinverters and
power optimizers

Alternative forms of
power have become
increasingly popu-
lar as utilities react to rising fuel
prices and government mandates.
Photovoltaic cells usually receive
most of the attention as solar-ener-
gy cost drivers, but the ac/dc invert-
er design is equally important to
overall system efficiency and cost.
by Margery Conner,
Technical Editor

EDN

contents

The evolving
landscape of digital
signal processing

The continual evolution of
microprocessors is one of
the causes of a trend away from
stand-alone DSPs.
by Robert Cravotta,
Technical Editor

s

1G-sample/sec, 12-bit ADC
works in base stations and
instrumentation

Touch controller lets you
ignore extra touches

Power-converter IC targets
dimmable LEDs

Quad power-converter control
chip uses PMBus

RF vector signal generator
combines high throughput, low
phase noise

PIC32 expands connectivity
support

DSP is energy-efficient

Channel-simulator mode takes
only seconds to determine
ultralow BER

Research Update: Coated
optical fibers promise uniquely
flexible PV cells; An old mate-
rial for batteries turns out to
have another nature

IDEAS

Reset an SOC only when power is ready

Create a DAC from a microcontroller's ADC

900
oooo

PRECISION
WRITE
TIMING

PREAMPLIFIER

SIGNAL
ICONDITIONING

Preamplifier read-
channel design
addresses hard-drive
goals

The hard-disk-drive indus-

try is facing difficult chal-
lenges for increasing storage
capacity and addressing cost,
performance, power-consumption,
and other important parameters.
Jointly designing the media, head,
flex, preamplifier, and read channel
provides a good approach today
and lays the foundation for future
hard-drive generations.

by Harley Burger, LSI Corp

Taming inaccurate
real-time clocks

An algorithm compensates
for oscillator inaccura-
cies and adjusts to changes in the
environment and aging.
by Rufus Michael Gnana and
Nazmul Hoda, Ittiam Systems

Precision tilt/fall detector consumes less than 1.5 mW

Circuit provides simpler power-supply-sequence testing

Inexpensive power switch includes submicrosecond circuit breaker
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© 2009 Actel Corporation. All rights reserved.

You can’t get any cooler than Actel’s IGLOO®
FPGAs. And with the industry’s widest range of
packages—as small as 3x3 mm—you also can’t
get any smaller. IGLOO FPGAs are perfect for all
of your portable, battery-powered applications,
and anywhere you need to stretch your power
budget to the maximum.

Designing products for the consumer, industrial,
medical, automotive or communications mar-
kets? We’ve got you covered with a full range
of solutions. As long as power matters, Actel
FPGAs should be at the top of your list. Find out
more at actel.com.
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Get your battery-powered IGLOO Icicle Evaluation Kit
and start designing today: actel.com/IcicleKit

VActel

POWER MATTERS
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Check out these Web-exclusive articles:

MICROPROCESSOR DIRECTORY

New power-supply efficiency numbers
herald a new era in power management
The EDN article “Industry standards lead
push toward energy-efficient computing”
discussed the new Platinum power require-
ments for high-efficiency ac/dc power
supplies. But have we reached the point of
diminishing returns by pushing efficiency
requirements too high?
www.edn.com/article/CA6707615

Check out the full-strength online version
of EDN's annual Microprocessor Directory,
which includes details on hundreds of
processors and cores from more than 70
companies.

Secondary-side synchronous rectification
boosts resonant converter efficiency
While secondary-side synchronous rectifica-
tion in resonant half-bridge topology is not
uncommon, its implementation has not been
easy. A novel control scheme precisely turns
on and off the secondary-side synchronous
rectifier MOSFETs to achieve rectification
that emulates a Schottky-diode rectifier,
minimizing switching losses and optimizing
conversion efficiency.
www.edn.com/article/CAG707473
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Nominations for the 20th annual
Innovation Awards

www.edn.com/innovation
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Simpler Power
Conversion

IR's AC-DC product portfolio
offers simple, compact high
density solutions tailored
for energy-efficient
power supplies.

uPFC™ PFC IC

Gate Vo ¢
= urrent
) Dj&’f cmp Mode

Part v, Freq.
Number Pekg.

IR1150 S0-8

(STRIPbF PDIPS 13-22  50-200 15 13 ccm

SmartRectifier™ IC

Part IR1166S IR1167AS IR1167BS IR1168S
Number PbF PbF PbF PbF
Package S0-8

Ve (V) 20

Ve (V)

Sw Freq.
max (kHz)

Gate Drive

() +/-4

Ve Clamp
GATE
W 10.7 10.7

Min. On Time

(o) Program. 250 -3000

Channel 1
RoHS

For more information call
1.800.981.8699 or visit

International
Rectifier
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EDN.COMMENT

BY BRIAN DIPERT, SENIOR TECHNICAL EDITOR

Call me unconvinced by USB 3.0

t September’s IDF (Intel Developer Forum) in San
Francisco, Steve Roux, senior strategic-business-devel-
opment manager for USB (Universal Serial Bus) tech-
nologies at NEC Electronics, touted the benefits of
Superspeed Version 3 of the USB specification, which is
looming on the horizon. Judging from both company an-
nouncements and customer implementations, NEC is one of the nota-
ble Version 3 USB leaders in both stand-alone SOCs (systems on chips)
and IP (intellectual-property)-core capability from its ASIC division.

Plenty of folks in the USB Pavilion
at IDF were eager to chat about USB
3.0’s 5-Gbps bandwidth potential and
the extensive assortment of applica-
tions it will supposedly unleash.

Call me skeptical, at least in the
short term. Consider first the viabili-
ty of the 5-Gbps USB 3.0 performance
claim. Anyone who has done USB 2.0
development and benchmarking will
likely attest that real-life implementa-
tions don’t come close to the technol-
ogy’s 480-Mbps potential. One reason
for this disparity is that USB, unlike,
say, IEEE-1394 FireWire, relies heavi-
ly on regular CPU intervention from
transaction arbitration and scheduling
standpoints. Other tasks can distract
the CPU, making it less likely that the
USB protocol’s potential will translate
into reality, even discounting the ef-
fects of multiple USB peripherals con-
tending for common bus bandwidth.
The other key reason for the disparity
involves the applications themselves.

Mass-storage interfaces—as exter-
nal hard-disk drives and as tethers to
solid-state and magnetic storage with-
in cameras and other devices—are ob-
vious, popular uses for USB. A previ-
ous article compares eSATA (external

DECEMBER 3, 2009
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serial-advanced-technology  attach-
ment), 400- and 800-Mbps IEEE-1394,
and USB 2.0 (see “Interface overkill?”
EDN, May 10, 2007, pg 48, www.edn.
com/article/CA6437950). The arti-
cle describes how USB 2.0 notably un-
dershoots the performance potential of
both hard-disk and solid-state drives.
Other higher-speed interface alterna-
tives, such as HDMI (high-definition-
multimedia interface) for digital vid-
eocameras, also exist for applications
that demand higher speed than USB
2.0 can deliver. The cost constraints
may preclude mass-market adoption of
multi-interface designs, however. This
same pricing pressure also means that
USB 3.0 must achieve cost parity with
USB 2.0 before the generational evolu-
tion will occur in earnest. At any rate,
initial USB 2.0-versus-3.0 perform-
ance statistics were underwhelming,
although more recent studies have gar-
nered more promising results.

NEC’s Roux also pitched such USB

D9

3.0 applications as computer synchro-
nization of PDAs (personal digital as-
sistants), smartphones, portable mul-
timedia devices, and the like, which
currently operate at low speeds. In my
experience, though, they’re not nota-
bly faster over USB 2.0 than over USB
1.1, which suggests that the content-
reconciliation routines running on
both the computer and the tethered
client—not the tether itself—are caus-
ing the bottleneck. As such, I doubt
that USB 3.0 will make further dis-
cernible performance improvements.
Speed aside, I wonder how much lon-
ger physical-wire tethering will be rel-
evant. Don’t consumers prefer reliable
wireless tethering, either client to cli-
ent or through a “cloud” intermediary
server, and over Bluetooth, Wi-Fi, or a
proprietary protocol?

Intel has remained mum on its USB
3.0-implementation schedule for its
core-logic chip sets. As history shows,
though, Intel’s embrace of core logic
is key to interface success. Rumors on
the show floor at IDF suggested that
Intel’s adoption of USB 3.0 might slip
to 2011 or later, and subsequent com-
ments from both Intel’s customers
and its competitors bolster that con-
tention. I also wonder whether Intel
plans for even faster Light Peak tech-
nology, an optical-interconnect cable
for PCs and mobile devices, to effec-
tively obsolete USB 3.0.

Kudos to companies such as NEC
for securing embryonic USB 3.0 de-
sign wins in both system boards and
add-in cards. As with IEEE-1394, the
IC sales will likely—at least at first—
be profitable on a per-unit basis. As
with IEEE-1394, however, they’ll re-
main minuscule in volume unless
manufacturers  successfully address
compelling application benefits and
broad adoption.EpN

Contact me at bdipert@reedbusiness.com.

Read more at www.edn.com/blog/
400000040/post/1560050356.html.
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RELIABILITY

Mill-Max Mfg. Corp. spring-loaded connectors provide
superior reliability under the most rigorous environmental
conditions, offering:

e Continuous, low-noise electrical connections.

e Spike-free stability to 50G shock and 10G vibration.

» Continued high performance

through 1,000,000+ cycles.

* Low- and high-profile surface-mount styles.

e 45 discrete designs for customer-specific assemblies.

6 families of single and double strip assemblies.

e The shortest production lead times in the industry.

SLC Connector Assemblies

Stay in contact with

Mill-Max spring-loaded connectors.
To view our Design Guide, new product
offerings and request a datasheet

with free samples, visit

www.mill-max.com/EDN596 '6.




MEET THE GUY that ELIMINATED HIS TEAM'S
MANUFACTURING VARIABILITY ISSUES.

FIX YOUR MANUFACTURING VARIABILITY PROBLEMS AND YOUR REPUTATION WILL
PRECEDE YOU. If you're designing chips for high functionality, high speed and lower

power consumption at the most advanced process nodes, you've got variability issues.

We have the solution that will increase your yield, performance and prestige by a wide
margin. | Get more information at mentor.com/solutions/manufacturing-variability.

©2009 Mentor Graphics Corporation. All Rights Reserved. Mentor Graphics is a registered trademark of Mentor Graphics Corporation.
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INNOVATIONS & INNOVATORS

1G-sample/sec, 12-bit ADC works
In base stations and instrumentation

argeting applications in wireless-com-
Tmunications, defense, and test-and-mea-

surement equipment, Texas Instruments
recently announced the 12-bit, 1G-sample/
sec ADS5400 ADC with 2.1-GHz input band-
width. You can adjust the device's gain, offset,
and phase to interleave two or more ADCs to
create a multigigabit-sample/second digitizer
or to balance two ADCs in an I/Q (in-phase/
quadrature) wireless receiver. You can select
between single- or dual-bus DDR LVDS (low-
voltage-differential-signaling) outputs.

The device offers an SNR (signal-to-noise
ratio) of 59 dBFS (decibels below full-scale)
and 75 dBc (decibels referenced to the carrier)
SFDR (spurious-free dynamic range) in the
first Nyquist frequency range. For intermediate
frequencies beyond 1000 MHz, the SNR is 58

The evaluation board for TI's ADS5400 ADC allows you to

assess the unit's performance.

dBFS, and the SFDRis 70 dBc. The device has
buffered analog inputs and an internal sample-
and-hold circuit.

The ADS5400 comes in a 100-pin 16X 16-
mm TQFP package, operates over —40 to
85°C, and sells for $775 (1000). Samples and
an evaluation board that is compatible with TI's
TSW1200EVM digital-capture card are avail-
able now.—by Paul Rako

Texas Instruments, www.ti.com.

| EDITED BY FRAN GRANVILLE

1)
&

—Hardware architect David
Wyland, in EDN’s Feedback
Loop, at www.edn.com/
article/CA6694951. Add
your comments.

This Atlas-V5 digitizer board from Tek Microsystems (www.
tekmicro.com) uses eight ADS5400 chips to provide fast
digitization for applications such as beam forming, radar,

military countermeasures, and wireless communications.

DECEMBER 3, 2009 | EDN 9
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Touch controller lets you
ignore extra touches

he mXT224 maXTouch
Ttouchscreen controller

from Atmel combines
the company’s mutual capaci-
tive sensors, a charge-transfer
method of signal acquisition,
and an Xmega microcontroller
with bundled software to pro-
vide processing for handling an
unlimited number of touches
on a touchscreen. Mutual
capacitance sensors avoid the
ambiguity of multitouch posi-
tions that self-capacitance
sensors experience by forming
independent sensing nodes at
each intersection of rows and
columns over the display sur-
face. At each intersection, the
sensor emits a fixed number

of mutually coupled voltage
pulses along each set of row
and column lines; this action
causes a known current flow
in the selected pair of lines.
This sensing approach yields
an SNR (signal-to-noise ratio)
of 80-to-1, which enables
the system to unambiguously
manage multiple simultaneous
touches and more accurately
sense weak and adjacent sig-
nals with a refresh rate as high
as 250 Hz.

The integrated proces-
sor and bundled software
provide additional process-
ing for advanced noise-sup-
pression algorithms for even
more immunity to coupled-

The mXT224 encompasses the front-end signal-acquisition and
postprocessing algorithms for multitouch systems in a single

noise issues. Altogether, this
approach enables the system
to better identify and ignore
unintended touches, such as
when a user's hand overlaps
the edge of the display while
holding it or rests on the writing
surface while using a stylus to
provide a signature.

The mXT224 supports 224
X/Y sensing nodes and con-
sumes less than 5 mW. It pro-
vides enough precision to sup-
port zoom, pinching, rotate,
handwriting, and shape-rec-
ognition capability in screens
as large as 10 in. You can use
multiple mXT224 controllers
together to provide smaller
interspatial distances between
touches on larger screens. The
integrated single-cycle RISC
AVR core includes two on-chip
DSP engines that process
the X and Y positions on the
touchscreen. The system pro-
vides 16 X drive lines and 14
Y sense lines; you can recon-
figure as many as four of the Y
sense lines as X drive lines for
a 20X 10-line configuration.

The mXT224 is available
now in a 5X5-mm BGA pack-
age and sells for $4.75 (1
million). The EVK-mXT224A
evaluation kit, including a 4.3-
in. touchscreen and a PCB
(printed-circuit board) that con-
nects to a PC over USB, is avail-
able now for $400. For more on
these products, go to www.edn.
com/article/CA6699917.

—by Robert Cravotta

package. ~Atmel, www.atmel.com.
DILBERT By Scott Adams
SATAN'S VENDOR Wow
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POWER-
CONVERTER
ICTARGETS
DIMMABLE LEDs

The large installed base of
dimmable-lighting switches
dictates that most new
lighting technologies, in-
cluding LED lights, should
support dimming, and the
myriad disparate specifica-
tions for dimming switches
require these lights to
meet a wide range of char-
acteristics.
Meeting both
of those re-
quirements,
iWatt’s new
iW3610 ac/dc
digital-power
controller for
dimmable
LEDs includes intelligent
wall-dimmer detection for
both leading- and trail-
ing-edge dimmers. It also
detects an unsupported
dimmer and turns off the
light rather than self-de-
structing. The IC supports
dimming from 2 to 100%
and has an optimized dim-
ming frequency of 900 Hz,
so there is no visible flick-
ering over the entire range.

The 3610 uses primary-
side regulation, eliminat-
ing the need for an opto-
coupler and sense resistor
for dimmable LED lights of
40W or lower wattage. An-
other version, the iW3620,
is similar to the 3610 but
does not support dimming.

The 3620 has an internal
switching frequency of 130
kHz and sells for 38 cents
(1000); the 3610 sells for
98 cents (1000). For more,
go to www.edn.com/
article/CA6706827.

—by Margery Conner
iWatt, www.iwatt.com.
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The iW3610
provides
ac/dc-power
control for
dimmable
LED lights.
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Quad power-
converter-
control chip
uses PMBus _ |

axim's new MAX- .

. . RS1— —
16064 monitoring- ——
and-control chip su- | RS1CO SCALING

pervises four analog switching A’\Ff’EEh)A(gIIiTI
power converters. You com-

municate with the IC over the | rs2-0—4—
PMBus (power-management RS2CO
bus) to perform sequencing,
monitoring, and margining of | RS3+O——
analog power supplies. The
device controls output voltag-
es with +0.3% accuracy, and
you can power it from 3 to 3.3V ENO——
rails. Other features include an
internal temperature sensor, a
reset output, and an SMBus
(system-management-bus)
alert output. You can also store
the chip’s user-programmable
registers in a low-cost exter-
nal EEPROM. At power-up,
the MAX16064 automatically

retrieves the EEPROM data EE(EFERRSQL
and loads the registers without INERAACE

requiring a system controller. (IJ (IJ (}D (IJ (IJ T T T

RSO0+O—1—

O CLK,

RS0—O—1—

OENOUT,

v

RSOCO

REFERENCE || 12BIT Vo,
e O—1—O DACOUT,

/
>
>
<

O ENOUT,

\

128m ||
SAR ADC DIGITAL  |— ‘23'\2"0w O—}-0 DAcoUT,
COMPAR- L
ATORS
AND
SEQUENGCER

RS2+ O

O ENOUT,

M

| [ 12-BITVoyr
o O——ODACOUT,

INTERNAL
TEMPERATURE
SENSOR

O ENOUT,

RS3—-O—1—

12-BIT Vour
o O——O DACOUT,

Y

RS3CC

7y

| O RESET

\

MAX16064

PAGE | PAGE | PAGE | PAGE PAGE | PAGE | PAGE | PAGE

12C SMBUS INTERFACE

Storing fault data in the exter- A1/SCLE A2/SDAE A3/CONTROL SCL  SDA STESERT DOND AGND AGD!
nal EEPROM also eases the
identification and debugging
of failures. The part features
master/slave-clock options so
that you can maintain accurate

The Maxim MAX16064 controls four analog power supplies through the PMBus, providing digital-
power benefits to analog-power systems.

timing references across mul- POINT-OF-

tiple devices. Co'r\]eéF?TER —>
Applications include high- 1

reliability systems, such as

servers, storage, base stations, PongXSF-

routers, and networking equip- CONVERTER[ ™

ment with multiple power sup- £

plies. The unit includes a GUI

(graphical user interface) for P(?_"C\I,XSF“ e

implementing a digitally pro- EOHVERTER

grammable power supply. The

MAX16064 comes in a 6X6-

mm, 36-pin TQFN package; P(?.HC\I)IISF L >

operates in the =40 to +85°C CONVERTER

range; and sells for $6.34
(1000).—by Paul Rako
~Maxim Integrated
Products, www.maxim-iccom. | The Maxim MAX16064 digital controller chip adds the benefits of digital power to analog converters.
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RF vector signal generator combines
high throughput, low phase noise

eithley Instruments
has upgraded its RF
vector signal genera-

tor line with new capabilities
that reduce signal-genera-
tion times and enhance signal
quality. The instrument, which
provides signal-generation-
bandwidth options to 80 MHz
and frequency ranges from 10
MHz to either 4 or 6 GHz, sells
for $17850 and $23,460,
respectively.

A patent-pending technique,
which ensures fast settling of
phase-locked-loop synthesiz-
ers, allows the instrument to
tune in 300 psec or less to
new frequencies in a DUT's
(device under test's) operat-
ing band; competitive products
typically require 600 wsec or
longer. The unit allows switch-
ing of amplitudes in as little as
150 psec compared with more
than 500 wsec for competi-
tive generators. This fast set-
tling reduces the time required
to test devices over their full
power-handling range.

Because testing of devices
that operate on multiple stan-
dards requires rapid switch-
ing among numerous com-
plex signals, the unit's onboard
arbitrary-waveform genera-
tor includes a 100M-sample
memory that can hold large
individual waveforms or multi-
ple smaller ones. This deep
memory combines with the
instrument's speed-optimized
list mode and a sequencer
operating mode to support
switching from one waveform
to another within a single pro-
cessor-clock cycle—even with
waveforms that conform to dif-
ferent standards and employ
different modulation schemes.

A direct link from the instru-
ment's digital-signal-process-

| DECEMBER 3, 2009

ing-circuit block to an external
PC through a USB (Univer-
sal Serial Bus) 2.0 maximizes
operating speed. In this high-
speed desktop-control-panel
operating mode, the external
PC controls the instrument
and acts as if it were the in-
strument's onboard-proces-
sor controller. This mode sup-
ports 100-Mbps transfers of
signal files from the PC di-
rectly into the instrument’s
arbitrary-waveform memory
and enables faster, simpler
downloading of large files,
such as streaming-video-
test-signal files, signal files
modified by channel models,
and radar-profile files. With
its high download speed and
the manufacturer’s application
software, the unit can quickly
perform dynamic-frequency-
selection-conformance test-
ing on WLAN (wireless local-
area-network) access points,
verifying a device's compli-
ance with government and
industry standards, which en-
sure that these transmissions
do not interfere with radar sig-
nals, such as those for weath-
er monitoring and air-traffic
control. You can create wave-

( The unit al-
lows switch-
ing of ampli-
fudes in as liftle
as 190 psec.

form files offline and download
them into the instrument's ar-
bitrary-waveform memory us-
ing a USB memory stick or
the unit's IEEE 488 or LAN
interfaces. This transfer flex-
ibility is convenient for those
who create signal files with
third-party tools, such as The
MathWorks' (www.mathworks.
com) Matlab.

Unlike competitive signal
generators, which typically
maximize either throughput
or signal purity, the 2920A’s
design allows you to optimize
whichever performance aspect
is more critical in your applica-
tion: High signal purity is essen-
tial when you create complex
signals that conform to many
wireless-communication stan-
dards. To ensure the quality of
these signals, the 2920A-UPN
(ultralow-phase-noise) option
provides noise levels of less
than or equal to — 135 dBc/Hz

2920A RF SIGNAL GENERATOR

The cost-effective 2920A RF signal generator does not force
trade-offs between accuracy for component evaluation in R&D

and speed for production test.

at a 300-kHz offset from a 2-
GHz carrier. This performance
allows the generation of wide-
band-code-division-multiple-
access signals with EVMs
(error-vector magnitudes) of
less than 0.85% of the sig-
nal amplitude. This option also
permits the 2920A to generate
5.8-GHz, 40-MHz-bandwidth
IEEE 802.11n WLAN signals
with an EVM of less than —43
dB and WiMax signals with a
residual relative constellation
error of less than or equal to
—43 dB. In addition, when
you use the UPN option, the
2920A provides tuning as fast
as 750 wsec.

The 2920A's wide signal
range suits it to testing a broad
spectrum of receivers and
components. The 2920A-LAR
(low-amplitude-range) option
extends that range to allow the
generator to output signals of
—130 to +13 dBm. The unit's
accuracy, repeatability, and sta-
bility allow you to set narrow
limit bands in your test proto-
cols. Absolute amplitude accu-
racy to 3 GHzis =0.6 dB maxi-
mum, or +0.3 dB typical, from
—110 to +13 dBm. Relative
amplitude accuracy, or linear-
ity, is =0.05 dB, and amplitude
repeatability is +0.05dB.

With the manufacturer’s
SignalMeister RF-communi-
cations-test-tool-kit software
and Model 2820A vector
signal analyzer, it can easily
generate and analyze MIMO
(multiple-input/multiple-out-
put) signals. With signal per-
sonalities that the software
provides, the 2920A can not
only generate pure signals but
also replicate impaired signals
for in-depth receiver charac-
terization. For more on this
product, go to www.edn.com/
article/CA6700416.

—by Dan Strassberg
~Keithley Instruments Inc,
www.keithley.com/products.



PIC32 expands connectlwty support

icrochip Technology's
PIC32MXb5/6/7-
family chips expand

the connectivity support of
PIC32 processors to cover
10/100-Mbps Ethernet; CAN
(controller-area-network) 2.0b;
and USB (Universal Serial Bus)
host, device, and OTG (On-The-
Go) peripherals. The company
offers free TCP/IP (Transmis-
sion Control Protocol/Internet
Protocol) and USB host- and
device-software stacks, includ-
ing source code, for these fam-
ilies. The 100-Mbps Ethernet
MAC (media-access control-
ler) uses an RMII/MII (reduced
media-independent interface/
media-independent interface)
and includes a unique factory-
preprogrammed Ethernet MAC
address.

The CAN2.0b controllers
use system RAM for storing
as many as 1024 messages
in 32 buffers with as many as
32 filters and four filter masks.
Additional available software
includes support for AES (Ad-
vanced Encryption Standard),
multiple file systems, graphics,
and audio libraries.

Microchip's PIC32MX5/6/7 ICs cover Ethernet, CAN, and USB
connectivity.

The 80-MHz, 32-bit proces-
sors include as much as 128
kbytes of RAM, six UARTSs (uni-
versal-asynchronous-transmit-
ter/receiver) interfaces, five
1°C (inter-integrated-circuit) in-
terfaces, and four SPI (serial-
peripheral-interface) ports.

The three new PIC32-
MXb5/6/7 families are avail-
able for sampling, and prices
range from $4.73 to $6.55
(10,000). Package options in-
clude 100-pin TQFP and BGA
packages and 64-pin TOFP
and QFN packages.

The PIC32MX5/6/7 fami-
lies are pin-compatible with
the PIC32 and 16-bit PIC24F
USB devices. Starter kits in-
clude the $72 DM320004
PIC32 Ethernet starter kit and
the $55 DM320003-2 PIC32
USB Il starter kit. Owners of the
DM240001 Explorer 16 de-
velopment board can purchase
the $25 MJA320003 plug-in
module for development with
the new PIC32MX5/6/7 fam-
ilies—by Robert Cravotta
~Microchip, www.microchip.
com.

Channel-simulator mode takes only seconds
to determine ultralow BER

gilent Technologies has introduced a
Astatistical mode for its signal-integrity

channel-simulator tool. The mode, part
of Agilent's ADS (Advanced Design System)
2009 Update 1, supports the design and veri-
fication of today’s high-speed, chip-to-chip data
links in most consumer and enterprise digital
products—from laptop computers and data-cen-
ter servers to telecommunication switching cen-
ters and Internet routers.

The simulator eliminates the need for costly
and time-consuming prototype iterations and
allows designers to perform simulations using cir-
cuit-level models that they can then verify against
measured data and EM (electromagnetic) simu-
lation of the layout. ADS 2009 Update 1 also fea-

tures a BER contour and bathtub display, equal-
izer support with automatic tap optimization, an
eye-mask utility with automatic violation check-
ing, the ability to check crosstalk with aggressors
at different data rates, a memory-bus-compli-
ance tool for the DDR3 standard, ECL (emitter-
coupled-logic) models that comply with the IBIS
(input/output-buffer-information specification),
and a time-domain-reflectometry tool.

The Agilent ADS 2009 Update 1 is now avail-
able. The base price for the new channel-sim-
ulator mode is $28,000. For more information
on this product, go to www.edn.com/article/
CA6702836.—by Rick Nelson
~Agilent Technologies, www.agilent.com/
find/signal-integrity.
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DSPIS ENERGY-
EFFICIENCT

Texas Instruments’ new
six-core TMS320C6472
DSP boasts a 3.68W pow-
er-use sweet spot when
operating all six cores at
500 MHz with 80% usage.
The cores support 625- and
700-MHz operation with
a trade-off of energy ef-
ficiency at the 500-MHz
operation point. The de-
vice includes 4.8 Mbytes
of L1 and L2 memory par-
titioned so that each core
has a dedicated portion
of the memory as well as
access to 768 kbytes of
shared L2 program/data
memory. The shared-
memory controller pro-
vides no hardware-based
coherency support, so
applications requiring co-
herency require software
management.

Connectivity peripher-
als include GbE (gigabit
Ethernet), Serial RapidlO,
DDR2, a telecom-serial-
interface port, a host-port
interface, Utopia, I°C (in-
ter-integrated circuit), and
GPIO (general-purpose in-
put/output). These devices
target high-end industrial,
test-and-measurement,
communication, medical-
imaging, high-end imaging
and video, and blade-
server designs.

The TMS320C6472 is
available now at prices
starting at $140 (1000).
The TMDXEVM6472 evalu-
ation module is available
for $349. For more on this
product, go to www.edn.
com/article/CA6705855.

—by Robert Cravotta
Texas Instruments, www.
ti.com.
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BY RON WILSON

Coated optical fibers promise
uniquely flexible PV cells

ne of the big practi-
cal issues with silicon
solar cells is where to

put them. Their conversion sur-
face is also their collecting sur-
face, so you end up with ahuge
flat panel facing the sun. This
scenario limits the configura-

tions in which designers can
deploy the panels.

Now, researchers at the
Georgia Institute of Technology
have found an alternative. By
coating an optical fiber with
a nanostructured, dye-sensi-
tized PV (photovoltaic) coat-

Zhong Lin Wang holds a pro-
totype 3-D solar cell that could
allow designers to locate PV
systems away from rooftops.

ing, the researchers have cre-
ated a device in which conver-
sion takes place over a dense
nanowire fur all along the sur-
face of the fiber, giving a con-
version surface far greater than
the collecting surface’s area.
To form the structure, Zhong
Lin Wang, Georgia Tech
Regents Professor of materials
science and engineering, and
his team first strip the cladding
from a communications-grade
quartz fiber. They then apply a
conductive coating and a seed
layer of zinc oxide to the wall of
the fiber. They grow zinc-oxide
nanowires on the prepared
surface with established tech-
niques, ending up with a fiber
surrounded by a fur of nano-
wires with an enormous total

surface area. The research-
ers then coat the nanowires
with dye-sensitized PV mate-
rial, immerse the fiber in liquid
electrolyte to collect the cur-
rent from the PV reaction, and
point the end of the fiber at the
sun or focus lighting into the
fiber with external optics.

Wang says the structure’s
high saturation intensity
makes optical concentration
productive. Once light enters
the unclad fiber, some light
passes through the wall into
the nanowires at each reflec-
tion along the inside wall and
thence into the huge area of
PV material. Wang and his
team have demonstrated 20-
cm fibers and 3.3% efficiency;
switching to titanium oxide and
improving charge collection
could increase conversion effi-
ciency to perhaps 8%.
~Georgia Tech, www.gatech.
edu.
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AN OLD MATERIAL FORBATTERIES TURNS OUT
TO HAVE ANOTHER NATURE

A team from Johns Hopkins Univer-
sity recently found that a nonsemi-
conductor that has long found use as
a conductor turns out also to be, in
a different orientation, an insulator,
with properties useful in constructing
MOSFETs (Reference 1). The mate-
rial, solution-deposited beta alumina,
forms when aluminum oxide from so-
lution forms solid layers of crystals.
Howard E Katz, professor of
materials science and engineering
at Johns Hopkins, explains that,
because the material forms from
solution, it is easy to lay down
in arbitrary patterns. Heating the
deposited material to 400°C causes
the formation of sodium beta alu-
mina, a hard, transparent film with
the mobile sodium ions still trapped
between planes of aluminum oxide.
These characteristics make the film
compatible with applications on the
surface of flat-panel displays, for
example.

DECEMBER 3, 2009

The familiar conductor conducts
only when parallel to the plane of
the film. Perpendicular to this plane,
the material acts as an insulator.
Further, if you apply a voltage per-
pendicular to the film, the voltage
causes the ions trapped between
layers of alumina to shift, polariz-
ing the material. This polarization
results in a dielectric constant (k) of
200-about 50 times that of silicon
dioxide.

The team has employed sodium
beta-alumina films to fabricate FETs
on a variety of semiconductor sub-
strates, including silicon and indium-
zinc oxide. The transistors display
low-voltage operation, the ability to
operate into low-megahertz frequen-
cies, transparency, and flexibility.

Johns Hopkins, www.jhu.edu.

REFERENCE
1 Pal, Bhola N, Bal Mukund Dhar,
Kevin C See, and Howard E Katz,

) >

Howard E Katz adjusts probes for testing
electronic devices (photo courtesy Will
Kirk, Homewoodphoto.jhu.edu).

“Solution-deposited sodium beta-
alumina gate dielectrics for low-volt-
age and transparent field-effect tran-
sistors,” Nature Materials, November
2009, Volume 8, No. 11, pg 898, www.
nature.com/nmat/journal/v8/n11/
abs/nmat2560.html.




When high performance and low power make the design,
ADI converters make the difference.

AD7986: True 18-Bit Performance at 2 MSPS
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FREQUENCY (kHz

w00 | BB B 15 mW, 18-bit, 2 MSPS, ADC delivers industry-leading
20 | performance without the heat.
Designers of high channel count, high precision data acquisition systems inevitably
100 T 235mwW face the challenges of minimizing both power consumption and design footprint.
50 | Achieving maximum system throughput under these circumstances required either
_ CI?MLIQE'EI%R multiplexed high speed resolution ADCs, which generate more heat, or multiple low

o speed resolution ADCs, which take up extra board space. With power dissipation
Power dissipation at full performance

levels nearly 15X lower than the competition and a smaller footprint, the AD7986
eliminates the need for such trade-offs. And you’ll find many more industry-leading

examples like this one throughout our high precision SAR converter portfolio at

www.analog.com/PulSAR.

Speed | Resolution Power Dissipation
Part Number (MSPS) (Bits) Features (mW)
AD7986 2 18 97 dB SNR, =2.5 LSB INL 15
AD7985 2.5 16 90 dB SNR, =1.5 LSB INL 185
AD7944 2.5 14 84.5 dB SNR, =1 LSB INL 15.5

All products available in 20-lead LFCSP package.

ANALOG
MA ADI ERENCE www.analog.com DEVICES
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SIGNAL INTEGRITY

BY HOWARD JOHNSON, PhD

Making Gaussian edges

he analog-filter network in Figure 1 converts each input

step into a smooth, Gaussian-shaped rising and falling edge.

When simulating high-speed systems in Spice, you can use

this filter network instead of PWL (piecewise-linear) edge-

shaping because it better represents how real signals behave.

The analog filter comes from Anatol I Zverev’s Hand-

book of Filter Synthesis, a classic compendium of passive-filter designs

(Reference 1). The book lists circuits
for implementing many types of fil-
ters, including approximations of the
Gaussian filter. The approximation
is not exact because an actual, per-
fect, Gaussian response would have
an infinitely long precursor. The au-
thor derives the filter approximation
as a 10th-order truncation of the Tay-
lor series expansion for the square of
a perfect Gaussian-network function.
He assumes ideal components with no
significant parasitic effects.

Zverev specifies a current-source
driver for the filter and shunts the cur-
rent source with resistor R . Figure 1
drives the circuit differently. It uses

STEP
SOURCE Rg

0.0612F |0.2509F ]0.4353F

The analog-filter
network better rep-
resents how real
signals behave.

a voltage source that connects in se-
ries with R . Either approach produc-
es a driver with an output impedance
of 50). Using a voltage source en-
sures that the circuit’s output ampli-
tude will be precisely half the voltage
source’s amplitude.

The circuit values in black in Fig-
ure 1 differ from the original circuit
values in Zverev’s book, which the

IN ouT

0.6244F

1.0147F

D9

figure shows in red. The author de-
signed his circuit for an impedance
level of 1€). Figure 1 scales that im-
pedance to a more commonly accept-
ed value of 500). It does so by multi-
plying the book’s resistances and in-
ductances by 50 and dividing the ca-
pacitances by 50.

The 3-dB frequency of Zverev’s
original circuit equals 1 rad/sec, or
0.159154 Hz, making a 10 to 90%
rise/fall time of 2.12773 seconds. Fig-
ure 1 scales the filter to a 100-psec
rise time by multiplying all the ca-
pacitor and inductor values by the ra-
tio 7/(2.12773), where 7 is the desired
rise time. This time-scaling operation
leaves the resistor values unchanged.

The combination of impedance-
and time-scaling operations in Figure
1 produces a 50Q) filter with a 100-psec
rise and fall time. The filter tracks true
Gaussian behavior down to —40 dB
within 1 dB, with a slope of 60 dB per
octave after that (Figure 2, which is
available in the Web version of this ar-
ticle at www.edn.com/091203h;j). The
nominal delay of the 10-pole model,
from zero to 50%, is 1.485 times the 10
to 90% rise time. Remember this delay
when making your timing calculations.
You'll see it in the Spice model.

Always follow Zverev’s filter with a
buffer. In Spice terminology, a perfect
buffer is a VCVS (voltage-controlled
voltage source). The buffer prevents
any attached loads from changing the
filter’s performance. Connect your
driver’s source-resistance and package
models to the output of the buffer.Epn

REFERENCE

ill Zverev, Anatol |, Handbook of Filter
Synthesis, John Wiley & Sons, New
York, 1967.

NOTE: THE COMPONENT VALUES IN RED ARE THOSE IN THE ORIGINAL CIRCUIT IN REFERENCE 1.

Figure 1 This 10-pole network approximates a Gaussian filter with a 10 to 90% rise

and fall time of 100 psec.
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Howard Johnson, PhD, of Signal Con-
sulting, frequently conducts technical
workshops for digital engineers at Oxford
University and other sites worldwide.
Visit his Web site at wwaw.sigcon.com or
e-mail him at howie03@sigcon.com.



Next generation
3D electromagnetic simulation

The best available tool for 3D EM simulation has evolved into version
2010. With a user friendly interface, easy data exchange to and from other
software tools, a choice of first class solvers and world class post-processing
tools, you can leverage the latest developments in 3D electromagnetics to
bring designs to market faster and with lower risk.

Choose CST STUDIO SUITE 2010 — complete technology for 3D EM.
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CHANGING THE STANDARDS

CST of America®, Inc. | To request literature, call (508) 665 4400 | www.cst.com
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DPO7000 Series
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350 MHz to 1 GHz
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DC to 70+ GHz

8 out of 10 engineers the world over rely on Tektronix oscilloscopes
to help them meet their design goals. So can you.

The vast majority of engineers depend on the industry-leading performance, precision, flexibility, ease-of-use and
reliability of Tektronix oscilloscopes, software applications and accessories. In short, they set the standard by which all
others are judged. Our broad portfolio includes everything from complete debug and analysis to the most advanced
acquisition engines. In fact, Tektronix has remained an innovator in test and measurement for over 60 years. So rely
on a Tektronix scope, and the experts standing behind it, to help you take on the world.

The best scopes on the planet.
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Download the product catalog at:

www.tektronix.com/catalog TEktl‘Ol]/ix®

Source: Reed Research. © 2009 Tektronix, Inc. All rights reserved. Tektronix products are covered by U.S. and foreign patents, issued and pending. TEKTRONIX and the Tektronix logo are registered trademarks of Tektronix, Inc.



THE CONTINUAL EVOLUTION OF MICROPROCESSORS AND. A WIDENING
BASE OF DEVELOPERS WHO NEED DIGITAL SIGNAL-PROCESSING TECHNOLOGY
ARE CAUSING A TREND AWAY FROM STAND-ALONE-DSPs.

The evolving landscape of
DIGITAL SIGNAL PROCESSING

BY ROBERT CRAVOTTA

s the stand-alone DSP a dying breed? It may not exactly be
dying, but the DSP is not front and center as it used to be. In
2006, EDN changed the name of its annual DSP Directory to
the Digital Signal-Processing Directory (Reference 1). This
subtle change recognizes that digital-processing options have
commercially expanded beyond just software-programmable-
processor devices and core offerings to include other options,
such as programmable fabrics, IP (intellectual-property)
blocks, and mixed-processing SOCs (systems on chips). These
processing options complement as well as compete with each other
because each faces a different set of constraints (Reference 2).

Signal processing involves mathematical
manipulation for transforming—using
filtering, Fourier transform, compression,
decompression, synthesizing, recogniz-
ing, enhancing, encoding, decoding, and
other methods—a set of data or a stream

of signals. The continual advancement of
microprocessors and growing base of de-
velopers who need this technology are
leading the trend away from stand-alone

DSPs.
The war between FPGAs (field-pro-

TECHNICAL EDITOR

grammable gate arrays) and DSPs has
died down over the past few years. Both
camps have realized that they best serve
different types of problems and that it
is common for an FPGA and a proces-
sor to be operating side by side in one
design. FPGAs can leverage arbitrarily
wide signal-processing algorithms act-
ing as hardware-acceleration blocks.
This ability gives them an advantage
over DSPs when the signal-processing
algorithm is sufficiently wide enough
that it can efficiently use more than the
available processing units in the DSP.
However, working with FPGAs is more
complex in part because of their hard-
ware-design flow. For example, Xilinx is
focusing on making the FPGA easier to
use, according to Tom Hill, senior mar-

DECEMBER 3, 2009 | EDN 19




keting manager for DSP solutions at the
company. Xilinx accomplishes this task
by abstracting the complexity of the de-
sign process, including accommodating
a C-design flow and C-synthesis tools
for hardware and software partitioning.

As microprocessors continue to bene-
fit from Moore’s Law, they can incorpo-
rate multipliers and specialized circuits,
including specialized bus architectures
and memory hierarchies, to improve
their computational performance. Some
of today’s microprocessors deliver good
computational performance, low cost,
and high energy efficiency. If these pa-
rameters are good enough, these micro-
processors let designers add and accom-
modate signal processing in a design—
within a single chip. These processors
do not necessarily deliver the best-in-
class processing performance, cost, and
energy efficiency, but they offer other
system-level advantages, including bill-
of-materials cost savings or a familiar de-
sign flow, and can thus be better choices
than stand-alone DSPs.

WHAT’S IN A NAME?

As signal processing expands into
more applications, ease of use becomes
a critical concern despite the fact that
designers historically often associate the
term “DSP” with complexity. Early DSPs
involved architectures that focused on
extracting the maximum processing
performance rather than on the ease of
transforming mathematical algorithms
into silicon and software implementa-
tions. As these processors evolved and
were able to use more transistors with
each new generation, they could bet-
ter accommodate the transformation in
various ways. Processors that allow pro-
gramming in C, for example, help with
this transformation.

Consider how Texas Instruments iden-
tifies its TMS320C2000 platform. The
company once referred to these devices as
DSPs with controller capabilities. A few
years ago, however, these processors be-
came known as DSCs (digital signal con-
trollers). The company recently removed
the C2000 from the 2009 EDN DSP Di-
rectory and now refers to it as a real-time
microcontroller, even though the under-
lying architecture has not changed. The
explicit focus has changed, however, to
making the surrounding development-
support environment more comfortable
to microcontroller developers.
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AT A GLANCE

Bl Embedded signal processing is
quietly appearing within more pro-
cessing options and application
designs.

Silicon providers are building
application-targeted products to
support the casual use of signal
processing.

B Each skill for developing signal
processing works at different levels
of abstraction and with different
natural data forms.

You may think that manufacturers
taking this tack are being disingenu-
ous, but keep in mind that many pro-
cessor offerings place the focus on the
target application and only imply the
signal-processing capability. Examples
include the Analog Devices Blackfin
audio, video, and communications pro-
cessors; ARM processors with Neon or
accelerated multimedia IP; Freescale
Power Architecture with Altivec exten-
sions; Infineon TriCore automotive and
industrial processors; Intel Pentiums
with SSE (streaming single-instruction/
multiple-data extensions); Microchip
DSPic motor-control and power-con-
version DSCs; NXP CoolFlux proces-
sors; Tensilica Xtensa audio and video
engines; and Texas Instruments DaVinci
and OMAP (open-multimedia-applica-
tions-platform) processors.

Each of these processors incorporates
signal-processing architectural features
from which their target application ben-
efits. Application-specific algorithms or
signal-processing libraries are available
with many of these devices not only to
improve time to market but also to en-
able developers to add capabilities to
their designs without becoming experts
about the new functions. Processor ven-
dors are bundling silicon and software to
simplify audio and video processing and
other applications.

CASUAL-USER ADOPTION

Identifying processors by their target
application reflects the trend for silicon
providers to offer application-targeted
products or implemented reference de-
signs that comprise not only the hardware
but also the appropriate software com-
ponents that work with that hardware.
Developers can buy or license targeted
implementations for a growing array
of signal-processing functions, such as

compression, audio, and video encod-
ing and decoding. These developers’
focus is shifting from how to build core
functions to whether an implementa-
tion meets performance, price, energy,
time-to-market, and integration goals.
Algorithm and system providers who
can find the balance between delivering
processing performance, energy efficien-
cy, algorithm flexibility, and robust sys-
tem integration should stand out in this
increasingly competitive area.

The signal-processing nature of the
bundled software in these offerings is
sometimes less obvious. For example,
touch sensing is such a popular capabil-
ity that many processor vendors this year
rolled out or updated touch-sensing sup-
port for their devices. These packages
include processor targets with software
and demonstration kits to ease the learn-
ing curve for developers trying to use the
technology. The developer targets an
API (application-programming inter-
face), which hides from the developer
much of the complexity of accessing the
touch sensors. Managing and interpret-
ing the touch-sensor inputs usually re-
quire significant amounts of signal pro-
cessing, especially with the multitouch
products, to filter and calibrate the sen-
sor to deliver a consistent and reliable in-
put source. Processor vendors are build-
ing their own in-house touch-sensing
expertise and abstracting the complexity
from the end developer. This step allows
the developer to focus on higher-level
interpretations of the touch inputs, such
as recognizing command gestures.

This industrywide trend is moving
digital signal processing to the level of
a deeply embedded technology in which
a growing percentage of developers are
not concerned with the implementation
details of “commodity” signal process-
ing. This trend enables silicon providers
to reach the larger set of developers who
are not signal-processing experts with-
out encumbering them with the learning
curve of implementing these algorithms
from scratch. It also makes irrelevant the
dirty secret of the most optimized sig-
nal-processing implementations—that
the software is often hand-optimized as-
sembly or C code with heavy usage of
compiler intrinsics to squeeze the best
performance from the underlying hard-
ware. Developers can continue to use
the familiar C-code design flow for their
value-added part of the system without
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concern for implementing the coding of
the licensed, timing-critical “heavy lift-
ing.” It also provides the groundwork for
certifying the algorithmic implementa-
tions as the silicon providers continue
to build their core group expertise.

This emerging abstraction layer helps
support the exploding increase in the
number of casual users who are adopting
signal processing. However, it represents
another layer of complexity for the sili-
con providers’ development support be-
cause the power and intermediate users
of these processors still need visibility
down to the metal to support their in-
novation explorations. Piergiovanni Ba-
zzana, an application developer at At-
mel, describes two of the company’s cus-
tomers that wanted to employ the same
Atmel dual-core microcontroller/DSP
processor for the same type of end prod-
uct. The smaller company wanted to use
a single graphical programming tool to
develop both the microcontroller and
DSP cores because the company had
fewer resources to dedicate to the proj-
ect and was interested in implement-
ing compliant standard algorithms. The




larger company wanted separate devel-
opment tools for each target processor
because it not only had more develop-
ment resources but also planned to in-
corporate some innovations into its al-
gorithm implementation that required
the company’s designers to be able to see
deeply into the target system.

Designs that target standard signal-
processing algorithms are appropriate
for a library approach. The developer
needs to read and understand the stan-
dard documentation or reference code
to understand compliance issues; the ef-
fort then becomes a way for designers to
optimize their designs to the target ar-
chitecture. For a given processing op-
tion, the silicon provider can amortize
its expertise with the signal-processing
function and its architecture as a pack-
age across several customers. In contrast,
designers who are implementing algo-
rithmic innovations must optimize not
just the implementation to the target
but also the physical phenomena to pro-
vide insight in refining the algorithm.
In this case, a C-based approach, with
compiler intrinsics if necessary, is more

For related blog posts about embed-
ded processing, go to www.edn.com/
blog/1890000189.html.

For a related article about process-
ing options, go to www.edn.com/article/
CA6662624.

For related material about digital
signal processing, visit www.edn.com/
dspdirectory.

For a list of Web sites for the com-
panies this article mentions, go to www.
edn.com/091203df.

appropriate because it provides the flex-
ibility that a library approach cannot.

NECESSARY SKILLS

Building a signal-processing system re-
quires exploring and refining the algo-
rithm, implementing the algorithm on a
target, and specifying and verifying the
system-level timing. These skills can re-
side within a single person or a team. Ac-
cording to Ken Karnofsky, senior strate-
gist for signal-processing applications at

The MathWorks, communication among
people with any of these skills involves a
translation challenge because they each
have different natural work products,
data, and work flow. Algorithm explo-
ration is math-intensive and requires an
understanding of the physical phenom-
enon that you are modeling. Implement-
ing the algorithm on a target processor
does not require the same level of under-
standing of the mathematics or the phys-
ical phenomena. Rather, the developer’s
expertise focuses on how to organize and
schedule the processing resources to pro-
vide robust delivery of good-enough per-
formance and energy efficiency. Veri-
fying the system-level timing requires
identifying the various operating condi-
tions that the end system must support
for robust operation.

Tools such as The MathWorks’ Mat-
lab and Simulink and National Instru-
ments’ LabView development tools help
algorithm developers with the explora-
tion of algorithms with varying levels of
abstraction and high-level mathematics
simulation (Figure 1). Working at a high
abstraction level is generally useful when
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defining problems and exploring design
possibilities. In the LabView example,
Express VIs (virtual instruments) present
an interactive, configuration-based user
interface to, for instance, synthesize test
signals, see the result of applying a win-
dow, or examine a spectrum. Less abstract
tools, such as those from the array/point-
by-point library, are more flexible and
programmable to enable custom algo-
rithm development and implementation.

These tools are also helping to bridge
some of the transitional challenges be-
tween algorithm development and im-
plementation by supporting autogene-
rated code that executes on a target pro-
cessing board. For low-volume or high-
margin applications, the autogenerated
code may be sufficient for rapid proto-
typing or fast time-to-market explora-
tion. Using the autogenerated code on
a target board can provide the algorithm
developer a more direct understanding
of the challenges facing the implemen-
tation developer.

Implementing and optimizing the al-
gorithm on the target architecture in-
volves using the development tools the
silicon provider supports for the target
system. The autogenerated code can as-
sist in comparing the trade-offs among
target architectures with the increasing
use of compilation-time replacement
technology that allows target substi-
tutions to take place. For those algo-
rithms that require special resources
to attain their processing-performance
constraints, the developer may have
to use compiler intrinsics or hand-op-
timized assembly. Standard ANSI C
code does not provide compilers with
visibility into dynamic memory usage,
so the compiler must make a number
of assumptions to generate good code.
Compilers are strong on scheduling
register and internal-memory accesses
because they have direct management
over those resources, but they are weak
on scheduling DMA (direct memory
access) because they do not have com-
plete control over the resources they
are accessing. Compiler intrinsics allow
the developer to more directly specify
assumptions and resource allocations.

System-level timing skills become
more important as the system performs
more tasks with shared resources. Early
DSPs focused on low-overhead loop-
ing at the expense of interrupt support.

Contemporary processors support many
interrupt sources, especially for connec-
tivity capabilities. Signal-processing al-
gorithms are increasing in complexity,
including performing processing on a da-
ta-point-by-data-point basis, potential-
ly complicating system-timing analysis.
Manufacturers are increasingly commod-
itizing successful signal-processing algo-
rithms and embedding them—whether
as bundled software with a silicon tar-
get or as licensable software implemen-
tations—in the processing components
of embedded designs. As this situation
evolves, developers will spend more time
specifying and verifying the system-level
performance and then developing and
implementing the algorithms.

The quality of a system depends on the
guarantee of the algorithm’s real-time
system-level maximum load or worst-
case latency. The highest-quality system
bases the design on the worst-case path
or latency impact and meets the real-
time threshold under all cases. A mod-
erate-quality system defines a threshold
in which it is acceptable to experience
some error and miss the real-time thresh-
old but still recover; the system is robust
enough to handle discontinuities.

Gene Frantz, principal technical fel-
low at Texas Instruments, observes that
many DSP users are more inexperienced
than their predecessors. This fact should
influence how universities teach signal
processing. As more signal-processing
algorithms become subject to commod-
ity implementations, most designers will
find more value in focusing on how to
combine the building blocks in innova-
tive ways rather than building all of the
blocks from the ground up.Ebn
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MICROINVERTERS AND
POWER OPTIMIZERS:

POWEIR CONVERSION
MIGIRATES DOWIN
1O THE PV PANEL
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he size of solar-power installations is shifting

away from the multimegawatt solar farms of 10

to 20 years ago toward smaller installations of 1

MW or less. Factors driving this trend include

utilities’ increasing use of residential and indus-

trial rooftops as localized solar-power-generating

stations, thus reducing the need for conven-

tional power plants, and the emergence of solar-

PPA (power-purchase-agreement) companies,

which install rooftop solar panels on homes and small businesses
in exchange for access to the generated power (Reference 1).
Small installations differ in some ways from massive solar farms.
For example, solar-farm panels all face in the same direction and

generally experience the same amount
of sunlight. They typically encounter no
obstacles, such as trees or utility poles,
which can obstruct the sun on differ-
ent panels at various times of day, caus-
ing panel-to-panel variations in pow-
er output. Small solar installations, in
contrast, must accommodate a variety
of roof lines, especially in residential
installations, which lack uniform panel
orientation and thus can yield subopti-
mal power generation.

Small installations do share some fea-
tures in common with solar farms, how-
ever. They both require regular cleaning,
for instance, and all panels age at slight-
ly different rates, causing a variation in
panel outputs. Both small and large so-
lar-power installations also use PV (pho-
tovoltaic) solar panels, which comprise

arrays of solar cells and typically have
a voltage output of 25 to 30V dc. Us-
ers of these panels usually cascade them
in series, forming strings with a typical
output of approximately 300 to 350V
dc. They can also further parallel these
strings for large solar arrays. The out-
put of these arrays feeds into a central
inverter that transforms the dc voltage
to ac and synchronizes the ac voltage to
the grid. The power output of inverters
for large arrays of solar panels can range
to 6 kW and beyond; central residential
inverters range from 2.5 to 3 kW.
However, not all solar panels are cre-
ated equal, and inconsistencies in man-
ufacturing, obstructing elements, dirt,
aging, and other factors can cause panels
to produce different amounts of power.
Each panel has an optimal power point,

which affects the optimal power point
for the string and, ultimately, the array.
If the installation draws too much power
from the array, the output power drops.
If it draws less power, the installation
cannot make efficient use of the array.

Algorithms can find the power “sweet
spot,” which ideally would occur at each
panel. In a common technique, “disturb
and observe,” the power-transforma-
tion circuitry attempts to draw a little
more current to see whether the voltage
drops. The algorithm performs MPPT
(maximum-power-point tracking), dur-
ing which it searches for the point at
which it gets the maximum power from
a module. In traditional solar installa-
tions, this process takes place at the cen-
tral inverter. With a central inverter,
you most likely will find a local maxi-
mum rather than an absolute maximum
for the array because the performance of
one poorly performing panel will domi-
nate the algorithm. If all the panels are
well-matched, the difference between
the true maximum and the local maxi-
mum power points will be insignificant.
You can’t count on having well-matched
panels, though, because of aging dif-
ferences, a passing cloud cover, or the
presence of dirt. One poorly performing
module dictates the power that the oth-
er modules in series with it deliver.

One approach to this problem is to
use a dedicated microinverter for each
panel that finds the maximum power
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point for each panel rather than use one
inverter to find the maximum for all the
modules. The output of the dedicated
microinverter goes directly to the grid
or ac power-distribution circuit. Europe-
an solar companies tried this approach
more than 10 years ago using ac panels,
each of which produced an ac voltage
and tied into the grid. The approach has
economic drawbacks, however, because
it costs more to use one inverter—albeit
a small one—per panel than it does to
use just one central inverter or even one
inverter on each string of the array.
Large installations minimize panel
variations with regular cleaning sched-
ules and by avoiding or removing shad-
ing obstacles. However, with the trend
toward smaller installations, architec-
tural limitations may dictate varying
panel orientations, and utility poles and
trees can cause individual panels to be-
come dirty or be in the shade at differ-
ent degrees and at various times, so you
would need to optimize each panel.

INSTALLATION COSTS

Central inverters are also large and
heavy, requiring the installation of ce-
ment pads and centralized connections
to the grid, increasing installation and
labor costs. A 200W microinverter that
must handle only 30V-dc input becomes
attractive for small installations, includ-
ing users wanting do-it-yourself setups.
In addition, a microinverter’s module
output power is only 200 to 300V ac. In
contrast, a panel array’s output to a cen-
tral inverter can be as much as 600V dc
in the United States and 1000V dc in
Europe—hazardous levels for installers,

AT A GLANCE

Bl The move toward smaller installa-
tions has made solar radiation less
uniform for each PV (photovoltaic)
panel.

Bl Microinverters and panel power
optimizers can be cost-competitive
with large central inverters when
you figure in labor and installation
costs.

B Reliability over the 20-year life-
time for power installations is a
challenge for electronics.

maintenance personnel, and emergency
responders.

Enphase Energy, among the first com-
panies to deliver microinverters, sells a
200W device for approximately $200,
or about $1/W, compared with a 3-kW
string inverter, which sells for approxi-
mately $2000, or about 67 cents/W. En-
phase suggests that its products’ lower
installation and investment costs com-
pensate for the additional 33 cents/W.

However, microinverters’ reliability
is just as big of a question as their cost.
Common inverter topologies use elec-
trolytic capacitors on their output fil-
ters. These topologies have a poor rep-
utation for reliability, especially when
you subject them to the elevated op-
erating temperatures of solar installa-
tions. The likelihood of a failure due to
an electrolytic capacitor increases when
you go from using one central inverter
to using 10 to 20 microinverters. Most
solar panels have a guaranteed life of 25
to 30 years, and operators want a similar
lifetime from their inverter circuits.

Enphase’s Web site includes several

white papers dealing with capacitors’
reliability and lifetimes. One paper ex-
plains how the company uses more re-
liable electrolytics in capacitors than
those that power supplies normally use
(Reference 2). According to the com-
pany, higher reliability translates to a
longer life in the real-world tempera-
tures you find in solar installations. For
traditional power converters, an accept-
able useful life for capacitors operating
in 85°C environments is as low as 2000
hours. Enphase microinverters use Nich-
icon capacitors that operate for 4000 to
10,000 hours at 105°C.

Capacitor lifetime is sensitive to tem-
perature and follows the Arrhenius equa-
tion, which states that useful life dou-
bles for every 10°C temperature drop.
The NREL (National Renewable Ener-
gy Laboratory) solar-radiation database
for the California desert town of Palm
Springs in the summer lists a maximum
ambient temperature of 46°C, resulting
in a core temperature for the capacitor
of 65°C, or 40°C lower than the 10,000-
hour rating at 105°C, yielding a 160,000-
hour operating life at this temperature
(Reference 3). Enphase claims to have
designed its microinverters “for a service
life of 20 years,” but the Web site guaran-
tees its products for only 15 years.

INVERTER RELIABILITY

Enphase sells its stand-alone microin-
verters separately from the panels. The
inverters can work with a range of solar
panels, require no central inverter, and
have almost 95% efficiency—compared
with central inverters’ 98% efficiency
figure. They perform MPPT at the pan-

Enphase’s 200W dc/ac microinverter optimizes the power at each solar panel and eliminates the need for a central inverter. Despite
its reliance on electrolytic capacitors, the unit offers a 15-year warranty.
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el, increasing the efficiency of
each module.

However, according to Kevin
Kayser, marketing manager for
National Semiconductor’s Phoe-
nix design center, electrolytic ca-
pacitors aren’t solely responsible
for failure mechanisms in solar
installations. “Talk to any system
integrator out there, and they’ll
tell you the most unreliable com-
ponent is the inverter,” he says.
“[The microinverter topology]
multiplies the inverter through-
out the array.” The company’s So-
lar Magic modules exemplify an-
other panel-based power-manage-
ment scheme that works with—
rather than replaces—a central
inverter. National Semiconductor
coined the term “power optimiz-
ers” for dc/dc converters that op-
timize the power at each solar panel, ad-
justing current and voltage so that each
panel outputs its maximum dc power.
Solar Magic panel installations use a
string topology and require a central in-
verter that performs MPPT. Each panel
outputs maximum power, optimizing the
string’s performance. If one of the pan-
el’s voltage drops due to, say, the pres-
ence of dirt, Solar Magic algorithms ad-
just the module’s current to arrive at the
optimal power output.

“[Solar  Magic’s] dc/dc-conversion
approach is less complex,” says Kayser.
“Microinverters boost a 28V panel to
350V dc and convert it to ac, touching
the grid at every module. Because of the
60-Hz frequency of the grid, the capaci-
tor must handle that frequency, requir-
ing less-reliable electrolytic or film ca-
pacitors. [Solar Magic’s] dc/dc approach
uses ceramic capacitors.”

National Semiconductor is not the
only company in this market. SolarEdge
has announced a similar dc/dc power-
management approach at the panel lev-
el, but its technology requires a propri-
etary central inverter. The company em-
beds the panel-control electronics in the
panel, rather than selling them as sepa-
rate modules, and performs MPPT for
each panel. SolarEdge then cascades the
panels in strings with a fixed voltage out-
put for each string and feeds them into
a central inverter, which performs only
dc-to-ac conversion because MPPT has
already taken place at the panel level.

National Semiconductor's Solar Magic dc/dc converter
optimizes power for each solar panel by adjusting the

panel current if the panel voltage decreases. The panels
cascade in series to feed into a central inverter that per-
forms MPPT. End customers can expect to spend about
$175 for each power optimizer.

For designers who choose to develop
their own integrated panel converters,
STMicroelectronics offers the SPV1020
PWM (pulse-width-modulation)-mode
dc/dc boost-converter IC, which can
maximize the power that PV panels gen-
erate independently of panel tempera-
ture or the amount of incident sunlight.
The converter implements hardware al-
gorithms to calculate the MPPT for PV
cells within the solar panel. Because
individual solar cells can begin to fail
and disrupt the total panel’s power out-
put, panels typically have bypass diodes
that switch poorly performing cells out
of the internal PV-panel array of cells.
The SPV1020 resides in the connection
box of a panel and replaces the bypass
diodes. The chip also integrates power
MOSEFETs that perform dc/dc switching
and synchronous rectification. Like So-
lar Magic’s technology, because the dc/
dc conversion occurs at a relatively low
voltage, the power converter can use ce-
ramic capacitors rather than less reliable
electrolytic capacitors.

Microinverter companies are focusing
on squeezing every last bit of efficiency
from their topologies, in part because of
the need to deliver as much power as pos-
sible to their installation’s customers and
in part because they are competing with
the high conversion efficiency of central
inverters. The technology benefits from
the increased efficiency of low-voltage
switching elements. The voltage output
of a solar panel ranges from 25 to 30V, so

the first regulation stage in a mi-
croinverter typically uses 40V.
These MOSFETs have over the
last 10 years improved their on-
state resistance by an order of
magnitude. For example, Infine-
on’s 40V Optimos-3 series has an
on-resistance as low as 1.1 m{);
10 years ago, it was more than
10 mQ. In addition, low-voltage
MOSFETS’ use in high-volume
consumer products, such as on-
board power regulation for desk-
top and laptop motherboards,
has decreased their price. Micro-
inverters also use high-voltage
FET: for the final output-voltage
phase-matching stage, which re-
quires 600 or 800V MOSFETs.
Infineon’s CoolMOS  technol-
ogy has been on the market for
more than 10 years and has dur-
ing that time reduced the on-resistance
to 20% or less.EDN
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broadest portfolio of parallel and serial NOR, NAND and phase
change memory. And we offer extended temperature support
with AEC-Q100 certification on many of our products and
expanded design versatility with voltage support up to 5V. All
designed to deliver a right-fit solution to help you shorten design
cycles, reduce development costs and accelerate the roll-out of
your next big idea. Find out how Numonyx memory matters for
your next design.

Visit www.Numonyx.com/Embedded
for free access to the Numonyx Embedded Design Center.

© 2009 Numonyx B.V. All rights reserved.
*Includes stacked solutions 1Available on specific densities
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For every embedded design,
memory matters.

NUMONYX® FORTE™ SERIAL FLASH MEMORY

Product Family Density Range Voltage/Solution

M25P (block erase) 512k - 128 Mb 3V, single-1/0

M25PX (4KB block erase) 4 Mb - 64 Mb 3V, multi-l/0

M25PE/M45PE (page erase) 1Mb -16 Mb 3V

NUMONYX® AXCELL™ PARALLEL NOR FLASH MEMORY

+Other names and brands may be claimed as the property of others

Product Family Density Range Voltage/Solution

M29W/EW (JEDEC command set) 4 Mb -2 Gb* 3V, page readt

P30/33 (Intel-based command set, sync burst):: 64 Mb - 2 Gb*
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BY HARLEY BURGER -« LS| CORP

Preamplifier and read-
channel design addresses
hard-drive goals

THE HARD-DISK-DRIVE INDUSTRY IS FACING DIFFICULT CHALLENGES FOR INCREAS-
ING STORAGE CAPACITY AND ADDRESSING COST, PERFORMANCE, POWER-CON-
SUMPTION, AND OTHER IMPORTANT PARAMETERS. JOINTLY DESIGNING THE MEDIA,
HEAD, FLEX, PREAMPLIFIER, AND READ CHANNEL PROVIDES A GOOD APPROACH
TODAY AND LAYS THE FOUNDATION FOR FUTURE HARD-DRIVE GENERATIONS.

s the capacity of hard-disk drives continues to
increase, the burden on the system to reliably
access data on the media also increases. For read
accesses in particular, this challenge is creating
the need for ever-more-complex signal-condi-
tioning and -processing algorithms to recover
the data from the ever-decreasing signal quality—that is, low-
er SNR (signal-to-noise ratio)—of information coming off the
media. To make the situation even more challenging, price,
power consumption, and speed trends are all moving in diffi-
cult-to-address directions. Cost and energy draw must continue
to decrease, and the rate at which the data comes off the disk
must increase from one generation to the next. All of these
factors make for a difficult but rewarding design challenge.

TECHNOLOGY OVERVIEW

Before delving into the benefits of jointly designing the pre-
amplifiers and read channels, you should briefly consider the
functions of each block. The preamplifier resides between the
read head, which senses the bits on the disk, and the read chan-
nel (Figure 1). A primary function of the preamplifier is to
faithfully transmit the noisy signal from the head to the read
channel with minimal distortion and other degradations. The
preamplifier accomplishes this objective by first amplifying the
head signal and then driving it to the read channel (Figure 2).

The first function of the read channel is to further condition
the partially processed signal from the preamplifier through

a series of filters and gain stages (Figure 3). From there, the
conditioned signal goes to the signal-processing section for
conversion into a faithful representation of the original digital
data that was previously written on the disk.

The signal-processing section typically comprises a detector,
an inner code, and an outer code (Figure 4). The signal-pro-
cessing function block implements complex algorithms that
have evolved over time from a simple peak-detection system
to a full-blown LDPC (low-density-parity-check) system in
migrating toward the Shannon capacity limit (Figure 5).

SYSTEM OPTIMIZATION

To achieve an optimal result, engineers must model, simu-
late, and design the datapath from the head to the output of
the read channel as a system, not simply as a series of indepen-
dent blocks. A system-design approach allows you to make the
proper trade-offs with respect to performance, power, and cost.
The signal coming from the media must travel though a com-
plicated path before it becomes valid data at the output of the
read channel. It flows through the head, down a flexible trans-
mission wire, into the preamplifier for boosting and filtering,
down another flexible transmission wire, and then into the
read channel’s signal-conditioning block, where it is further
amplified, filtered, and linearized.

Each of these interfaces requires proper design to ensure op-
timization of the signal bandwidth, dynamic range, termina-
tion impedances, and transmission effects. Failure to fine-tune

READ CHANNEL
R NVAVAVAVAVAVAVAVAY
PREAMPLIFIER SIGNAL 00101010
SIGNAL
FLEX SIGNAL FLEX
CONDITIONING /> CONDITIONING PROCESSING >

Figure 1 The hard-disk drive's read-signal path is complex and full of opportunities for optimization.
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Read-channel signal conditioning encompasses several steps.
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The overall signal-processing function subdivides into
three stages.

the signal-conditioning path will lead to suboptimal perfor-
mance for which the read channel’s signal-processing block
may be unable to compensate.

Because both the preamplifier and the read channel bear the
signal-conditioning burden, the trade-offs you make in these
areas can both optimize performance and lower the overall
system power consumption and cost. Manufacturers typically
build the read channel in a fine-line CMOS process for large
digital circuits that use low-voltage power supplies. Therefore,
you decrease power consumption and cost in the silicon area
when you minimize the number of pure analog circuits you
use in favor of digital signal conditioning and digitally assisted
analog circuits. These circuits can then run on the core tran-

sistor’s power supply—typically at 1V—instead of the 1/O’
power supply, which is typically 2.5V.

Digitally assisted analog circuits can, for example, comprise
DAG:s to set up the gain in a variable-gain amplifier (Figure
6). They can also find use in setting the pole frequency in
a lowpass filter instead of relying on the traditional variable-
resistor analog-feedback technique. Small, low-power DACs
can also zero out offsets, allowing the use of high-speed and
low-power core transistors.

Manufacturers usually build preamplifiers in an older, less-
expensive bipolar or Bi-CMOS process for analog performance
using higher-voltage power supplies. Pure analog amplifiers
and filters are therefore efficient; digital signal-conditioning
circuits, however, are not. The logic in a preamplifier process is
typically lower-performing and runs from a higher-power sup-
ply. Therefore, it is critical to properly divide the signal-condi-
tioning task between the preamplifier and the read channel.

Another benefit of designing the preamplifier and read chan-
nel together is that you can save power by taking advantage
of your knowledge of mode transitions that pass between the
blocks. This premonition allows for the activation or shutdown
of function blocks at precise times to ensure that circuits pow-

er up only when absolutely necessary. With

- previous implementations, function blocks
ANALOG PEAK LT U INTERLEAVED would remain in a high-power state be-
DETECTION LENGTH LIMITED ERROR- cause they would not know when the next
CORRECTING CODE command was coming. They could not en-
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Signal-processing algorithms have grown steadily more complex over time.
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signal-processing block for the nonideali-
ties of signal-conditioning circuits to con-
trol the flying height of the head.
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The closer the head is to the media, the better the SNR is, but the overall design is more difficult.
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A pending transition from homogenous magnetic media to the patterned successor will create additional challenges and

opportunities.

In the near future, the media will evolve from a continuous
magnetic plane into patterned media in which each bit is physi-
cally isolated from others. This transition will greatly complicate
the writing of the data to the media because it will require pre-
cise control of the time that the data writes to the bit cell. You
must comprehend and compensate for delay variations with re-
spect to environment, voltage, and process. You can accomplish
this objective only by using a well-controlled feedback loop, in
which you design the preamplifier and the read channel.Ebn
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Taming Inaccurate

real-time c

ocks

AN ALGORITHM COMPENSATES FOR OSCILLATOR INACCURACIES
AND ADJUSTS TO CHANGES IN THE ENVIRONMENT AND AGING.

n modern multimedia
systems, maintaining an
RTC (real-time clock)
is an important task. An
RTC supports displaying
the play time on a media
player and the call details in
a video phone. One way to
provide the RTC feature is to
use an RTC chip. An RTC
chip uses an internal crystal
oscillator as a reference and
keeps track of time. Most

MAIN

results in a lower design cost.

PROCESSOR

(oo |
o [ 5

Figure 1 Using a microcontroller to implement an embedded RTC along with user interfaces and
other housekeeping functions results in a single-chip implementation for multiple functions and

RTC chips maintain time in
seconds, minutes, hours, days, and years, and they also account
for leap years. You can read the current time from certain regis-
ters in the RTC chip using an SPI (serial-peripheral interface)
or a two-wire [?C (inter-integrated-circuit) interface. Some sys-
tems use an auxiliary microcontroller to perform user-interface
and other housekeeping functions, and it makes good design
sense to have the RTC function on this microcontroller. In this
case, the microcontroller maintains a count of elapsed seconds
using an external crystal as a reference. The conversion of this
counter to seconds, minutes,
hours, days, and years takes
place in software.

A dedicated RTC chip
eliminates the onus on soft-
ware when using an embed-
ded-RTC implementation.
Also, the crystals in many
chips are temperature-con-
trolled and provide accu-
racies of 2 to 3 ppm (parts
per million). On the other
hand, using a microcon-
troller to implement an em-
bedded RTC along with user
interfaces and other house-
keeping functions results in
a single-chip implementa-
tion for multiple functions
and results in a lower design
cost (Figure 1).

However, the accuracy of
the time the microcontroller
maintains depends heavily

32.768-kHz CRYSTAL

MICROCONTROLLER

Figure 2 Implementing an RTC with a microcontroller typically uses
the signal from a 32.768-kHz crystal oscillator, which increments a
counter, such as the 16-bit CNT1 counter.

on the accuracy of the crystal it uses as a reference. Typical crys-
tals have accuracies of 20 to 45 ppm. This range translates to an
unacceptable error of 1.7 to 3.9 seconds/day. One obvious way
to alleviate this problem is to use a highly accurate crystal, but
this approach translates to an increased design cost and hence
is not viable for cost-sensitive embedded designs. Another ap-
proach uses a calibration algorithm that can implement an ac-
curate embedded RTC in the presence of an inaccurate crystal
in the system. Some embedded-RTC algorithms use a look-up
table to compensate for the
crystal inaccuracies. A ge-
neric approach is adopted
here that adjusts the cali-
bration factor in tune with
changes in crystal, system, or
temperature and aging.

CALIBRATION

Implementing an RTC
with a microcontroller typi-
cally uses the signal from
a 32.768-kHz crystal oscil-
lator, which increments
a counter, such as the 16-
bit CNT, counter (Figure
2). The duration of 32,768
clock cycles corresponds to
an interval of 1 second. For
each second, when the sys-
tem is on, CNT| increments
from 00000d to 32767d. Be-
cause the crystal is inaccu-

rate, CNT, overflows from
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VAL VAL+ERR; VAL+ERR, VAL+ERR, . VAL+ERR;
A \ A y CNT,; CONTENT
- L] - L] -
FIRST SECOND THIRD FOURTH (T+1)TH

ACCURATE 1-Hz INTERRUPTS

The value in CNT, on the first 1-Hz interrupt is VAL. If the RTC crystal is
accurate, the value in CNT, at any of the 1-Hz interrupts would be VAL because CNT,
would have overflowed and counted up to the same value each second. However, this
scenario is not the case when the RTC crystal's frequency is inaccurate.

32767d to 00000d more frequently than
once a second if the source clock fre-
quency is greater than 32.768 kHz and
vice versa. When CNT, overflows from

32767d to 00000d, the microcontroller

PERFORM INITIALIZATIONS.
CNT,=CNT,=CNT,=DONE=0

CONFIGURE A TIMER
TO INCREMENT CNT,
ON EVERY CRYSTAL INTERRUPT

CONTINUE WITH NORMAL CODE
EXECUTION, INCREMENT/DECREMENT
CNT, EVERY CF SECONDS

The main program of the micro-
controller will increment or decrement
CNT, every CF seconds apart from its
normal functions.

increments a second counter—CNT , for
example. CNT, provides the count of the
number of seconds elapsed since the sys-
tem turned on.

To calibrate the system, the micro-

ON A CRYSTAL
INTERRUPT

INCREMENT CNT,

INCREMENT CNT,
AND CNT,=0

The algorithm increments CNT,
in hardware every 1/32,768 seconds.



ON EVERY 1-Hz
INTERRUPT

Figure 6 The microcontroller increments CNT, on each accurate, 1-Hz interrupt.

CADENCE OrCAD RELEASE 16.3
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controller maintaining the time con-
nects to the RTC crystal and to an accu-
rate 1-Hz-interrupt source. This source
can be generated using a combination
of another microcontroller and an accu-
rate and more costly RTC crystal. You
can justify the use of an accurate RTC
crystal because you must build this ad-
ditional setup in small quantities just for
calibration.

The first accurate 1-Hz interrupt can
occur at any instant with respect to the
power-on of the microcontroller you are
calibrating. The value in CNT, on the
first 1-Hz interrupt is VAL. If the RTC
crystal is accurate, the value in CNT at
any of the 1-Hz interrupts would be VAL.
This situation is true because CNT,
would have overflowed and counted up
to the same value each second. How-
ever, this scenario will not be the case
when the RTC crystal’s frequency is in-
accurate (Figure 3). For this analysis,
the observation time is T seconds. On
the second and (T+1)th accurate 1-Hz
interrupt, the microcontroller stores the
contents of CNT,. The microcontroller
then calculates the calibration factor and

Go to www.edn.com/ms4349
and click on Feedback Loop to post
a comment on this article.

For more technical articles, go fo
www.edn.com/features.

stores it in its internal flash; if there is no
way to write into the flash at runtime,
the microcontroller can store the value
in RAM and rely on the RTC’s battery
backup. Once this action is complete,
the calibration algorithm can transfer
the control to the main code that runs
on the microcontroller.

In the flow charts of figures 4, 5, and
6, the microcontroller increments CNT,
every 1/32,786 seconds and increments
CNT, each time CNT, overflows from
32767d to 00000h. This counter is con-
verted into hours, minutes, and seconds
in software. The microcontroller incre-
ments CNT, on each accurate 1-Hz in-
terrupt. At any given point, the value
in CNT, is the number of seconds that
elapsed since the first accurate 1-Hz in-
terrupt plus one. E is the error in CNT,
per increment of CNT,. ERR, through

ERR; are the errors in CNT, after 1
through T seconds from the occurrence
of the first accurate 1-Hz interrupt. Each
interrupt corresponds to an increment in
CNT,. The total error in CNT, occur-
ring in (T+1) seconds is E ., =ERR..
The purpose of this setup is to deter-
mine the average error in CNT, occur-
ring on every 1-Hz interrupt through the
increment count of CNT,. You can al-
so determine this error as follows: Error
per second (E)=value of CNT, (when
CNT,=2)—value of CNT, (when
CNT,=T+1)/T. From the value of E,
you can calculate the number of sec-
onds after which a 1-second error would
occur using the following equation:
CF=32,768/E, where CF is the calibra-
tion factor. So, by incrementing or dec-
rementing the value of CNT,—that is,
the seconds counter that the microcon-
troller maintains—every CF seconds,
you should be able to achieve high accu-
racies. Alternatively, you can increment
or decrement CNT, by CF counts every
T seconds, which can yield higher accu-
racies because it avoids a division-round-
ing error. However, the former has been
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adopted in this algorithm because CNT,
was a nonmodifiable hardware counter
in the experimental setup.

FLOW CHART AND PROCEDURE

Figures 4, 5, and 6 describe the flow
of the algorithm, which uses the follow-
ing steps:

1. On each clock cycle of the inaccu-
rate crystal, use a hardware-counter
module to increment CNT,.

2. Increment CNT, every time CNT,
overflows from 32767d to 00000d.

3. On every accurate 1-Hz interrupt,
increment CNT,.

4. On the second accurate 1-Hz inter-
rupt, copy the contents of CNT s
initial value into a RAM loca-
tion—say, RAM —and increment
CNT,. On subsequent accurate 1-
Hz interrupts, increment CNT,.

5. Once CNT, counts to T+1, where
T is the observation interval, store
the new value of CNT, intoa RAM
location—say, RAM,.

6. Calculate the following equations:
If RAM,>RAM,, E=(RAM, —
RAM))/T; if RAM >RAM,, E=
(RAM,—RAM)/T; and CF=
32,768]E.

7. Program the value of CF into the
microcontroller flash. If necessary,
use a glowing LED to indicate the
completion of calibration.

8. The code running on the microcon-
troller must now increment the con-
tents of CNT, by one every CF sec-
onds if RAM >RAM, or decrement
the contents if RAM,>RAM .

SETUP AND RESULTS

The experimental setup to validate
the RTC calibration algorithm com-
prises a microcontroller, M , and an in-
accurate 32.768-kHz RTC crystal with
an accuracy of 40 ppm. Another micro-
controller, M, and a 32.768-kHz RTC
crystal with an accuracy of 2 ppm gen-
erate the accurate 1-Hz source. The ac-
curate 1-Hz clock from M, connects to
an interruptible GPIO (general-pur-
pose-1/O) pin of M. Observation times
of powers of two ensure accurate divi-
sion results when calculating the cali-
bration factor. The calibration factor
resides in M ’s flash memory. The main
code on M, now compensates for the
crystal frequency’s inaccuracy based on
this calibration factor, and M, was ob-

served to achieve an RTC accuracy of
approximately 2 ppm.

This approach allows you to manufac-
ture the setup to generate the accurate 1-
Hz interrupt in small quantities and use
it across multiple boards. By increasing
the observation time, you can achieve
high accuracies. You can also use this al-
gorithm to ascertain the exact parts-per-
million accuracy rating of a crystal. Be-
cause most microcontrollers have sector-
based flash, you can store the calibration
code and the calibration factor in one
sector and the user code in the remain-
ing sectors.

This algorithm can achieve accurate
timekeeping in a microcontroller-based
RTC implementation. You must manu-
ally erase the calibration code on the mi-
crocontroller once the calibration com-
pletes; otherwise, you must permanently
program the now-redundant calibration
code into the flash. However, if you need
to calibrate the microcontroller again
due to a substantial change in tempera-
ture or aging, the presence of the calibra-
tion code is an advantage. You must con-
nect the calibration setup to the device
and disconnect it once the LED indicates
that the calibration is complete.EDN

AUTHORS’ BIOGRAPHIES
Rufus Michael Gnana ob-
tained a bachelor’s degree in
electronics and communica-
tion engineering from Rash-
triya Vidhyalaya College of

Engineering Bangalore (Karnaraka, India)

in 2007. He has been working as an engi-

neer at Ittiam Systems Ltd since 2007. You
can reach him at rufus.michael@ittiam.
com.

Naymul Hoda obtained a
bachelor’s degree in electron-
ics and telecommunication
engineering from the Uni-
versity College of Engineer-
ing (Burla, Orissa, India) in 2000 and a
master’s degree in electrical engineering
from the Indian Institute of Science (Ban-
galore, India) in 2007. From 2000 to
2007, he was with the Centre for Develop-
ment of Telematics (Bangalore), where he
worked on wireless-communication-system
design. He joined Ittiam Systems Ltd in
2007, where he works on multimedia-sys-
tem design. You can reach him at nazmul.
hoda@ittiam.com.

PICO for AC-DC
Power Factor

Corrected
Modules
85 to 265
VRMS,
47-440 H=z

FACTORY

1000 Watts

accepts three or
single phase mput

Full Brick
Model HPHA 1

Contact
Factory For Special
2000 Watt Module

Full Brick Model PHA 1

500 Watts

Half Brlck
Model LPHA 1

250 Watts

® Universal AC Input,
85-250 VAC

® Operates from 47-440Hz
Input Frequency

¢ 0.99 Power Factor

e Use with PICO’s DC-DC
Converters from 3.3 to
5000VDC out, or other
DC-DC Converters

® Meets EN61000-3-2 for
Low Harmonic Distortion

® Thermal Protection

200 Watts

One Module
for Isolated
Power Factor
Corrected AC-DC
Applications

® Universal 85-265 Input
5 to 48 VDC Isolated Regulated

® Qutputs to 200 Watts

@ Full Brick
(UAC Series)

OPTIONS e -20°C/-40°C Operating Temp.
Selected Environmental Screening Per Mil-Std 883

P’c o 143 Sparks Ave., Pelham, NY
Electronics,Inc.
E-Mail:info@picoelectronics.com
www.picoelectronics.com

Call Toll Free 800-431-1064 « FAX 914-738-8225

DECEMBER 3, 2009 | EDN 37



High Current Rails-

Problem Solved

: —— V2 4.5V 10 24V LTC3853 Demo Circuit
J I j
B—’"“—_r_— Vours: 0.8V to 13.5V
;g_ T loyr <20A
Track = =
=
Soft Start e Voyrz: 0.8V t0 5.5V
oL 5 T i lours20
- " +---0rCurrent Share <40A
PGOOD = ;
Vgyry: 0.8V 10 5.5V
' T loyrs20A
. i
LTspice Models

Available _/

Fast, Efficient & Compact

Linear’s newest generation of mid-range input voltage synchronous step-down controllers enables optimized multioutput
designs. High step-down ratios are easily accommodated with up to 95% conversion efficiency. Their powerful on-chip MOSFET
drivers allow high current outputs on each channel, while Burst Mode® operation delivers very low quiescent current in
standby or sleep modes. Current sense resistors are optional as inductor DCR sensing is supported. All multioutput, multi-
phase versions provide ratiometic or coincident up and down power rail tracking; singles can be cascaded.

WV Selected Mid-Range Viy Synchronous Buck Controllers WV Info & Free Samples

Vin Burst | Synchro- | Current | PGood Operating linear.com/3853
Part Number | Outputs | gange | Mode | Tracking| nizable | Sense |Output|  Frequency Package 1-800-4-LINEAR
DCR/ 3mm x 3mm QFN-16,
LTC®3851/-1 1 4V to 38V Y Y Y R Y 250kHz to 750kHz MSOP-16E,
SENSE Narrow SSOP-16
DCR/ 2mm x 3mm DFN-12,
11C3854 1 | avtossy R | 400kHz oo Free DC/DC
LTC3878 T | 4vtoasy Rosow | ¥ | Constant On-Time |  Narrow SSOP-16 g?:c‘:&lrlzrs
T 3mm x 3mm QFN-16,
LTC3879 1 4V to 38V Y Rosiony | Y | Constant On-Time MSOP-16E
DCR/ 4mm x 4mm QFN-28, . .
LTC3850/1/-2| 2 | 4vtosov | Y | ¥ Yoy Y | 250kHz to 750kHz | 4mm x 5mm QFN-28, www.linear.com/dedesolutions
SENSE Narrow SSOP-28
DCR/ 6mm x 6mm QFN-40,
LTC3853 3 45Vto26V| Y Y Y Rsense Y 250kHz o 750kHz 7mm x 7mm LQFP-48 AT, LTC, LT, LTM and Burst Mode are registered trademarks of

Linear Technology Corporation. All other trademarks are the prop-
erty of their respective owners.
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Precision tilt/fall detector
consumes less than 1.5 m\W

Maridn Stofka, Slovak University of Technology, Bratislava, Slovakia

When you need to detect an-

gular position related to Earth’s
gravity, you can use an Analog Devices
(www.analog.com) three-axis MEMS
(microelectromechanical-system) ac-
celerometer. The ADXL335 has three
analog outputs that correspond to the
X, Y, and Z axes of an orthogonal coor-
dinate system (Reference 1). Because
the Z axis is perpendicular to the foot-
print, or base, of the MEMS IC’s pack-
age surface, you can use the accelerom-
eter to detect tilt if you mount it on a
PCB (printed-circuit board) that’s par-
allel to your product’s base. The circuit
in Figure 1 lets you detect whether

3V

the tilt exceeds a preset limit. A digital
output, in this example, drives an LED,
but you can connect the signal to a
microcontroller or another device.
When you orient the accelerometer
IC horizontally relative to Earth, the
LED is on. Whenever the Z axis of the
device declines by a specific value, o,
of the angle, «, from the vertical di-
rection, the LED turns off. The voltage
difference at the Z-axis output, Z
of the accelerometer, referenced to
the power supply’s midvoltage, V /2, is
Vi, =Vcosa, where V is the power-
supply voltage, V, is the voltage at
the Z_ ,; pin, and V, is the terrestri-
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al full-scale voltage. When the pow-
er-supply voltage is 3V, the terrestrial
full-scale voltage is either 300 or —300
mV, depending on whether you ori-

®)
vil
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16 _[15 |14 |13 100k 1,AD8607, OR
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Figure 1 The tilt on MEMS accelerometer IC, produces a voltage, V,. When compared with V___and —=V__, V_,
produces a digital output at the NAND gate.
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ent the detector from the top down or
from the bottom up. Op amp IC, com-
pares the voltage at the Z _ pin to the
reference voltage, V.. If the positive
voltage at the Z_,; pin is equal to or
lower than the reference voltage, the
output of IC,, goes high, and the out-
put of IC,; remains high (Reference
2). Thus, the output of NAND gate
IC, becomes low, and the LED turns
off. You can calculate the threshold tile
angle, o, at which this action occurs
from the equation coso., =(V /V,,).

Resistors R_ and R, set the voltage
reference to 136.36 mV. Thus, the
threshold tilt angle is 62.96°. Similarly,
when the negative voltage at the Z .
pin becomes lower in magnitude than
the negative reference voltage, it indi-
cates a tilt of 62.96° or more, the output
of IC,; goes high, and the LED (Ref-
erence 3) also turns off. Theoretically,
you can choose any other threshold an-
gle within the interval of 0 to 90°. The
practical limits with the 10-nF filter-
ing capacitor, however, are 21.23 and
86.10°. The probability of a short-term
false detection is 8X107°. From the
properties of the cosine function, the
sensitivity of the tilt detector rises with
rising tilt angle. To select another value
of tilt within this interval, you calcu-
late the appropriate reference voltage
from the equation cose, =(V../V,)
and then change the value of the Ry
resistors as necessary.

Gravity causes a voltage difference at
the Z ; pin of IC,. The circuit detects

Reset an SOC

THE DETECTOR’S
OPERATION IS
VIRTUALLY INSENSITIVE
TO POWER-SUPPLY
VARIATIONS.

fall on the loss of this gravity-induced
voltage difference within “free fall”—
moving bodies with no acceleration
other than that provided by gravity. If
the circuit is fixed to such a body while
the Z axis of IC| is pointing roughly ver-
tically, the free fall manifests itself as al-
most fully disappearing within the 300-
or —300-mV voltage excursion at Z ;.
When the voltage remains close to the
power supply’s midvoltage, the voltage
atZ . is 1.5V. The threshold of detect-
ing the free fall in this case is an appar-
ent decrease in gravity to 0.4545g.

The probability that the noise’s peak
value will achieve this threshold value
is practically zero for “heavy” bodies.
The probability that the noise’s peak
value will achieve 0.0679 is fairly low,
and it decreases vastly when you ele-
vate the decision level. An apparent
decrease in gravity within the free fall
causes a low-to-high transition at the
output of either IC,, or IC,,, depend-
ing on whether the Z axis is close to
parallel or antiparallel to vertical. The
outputs of both IC,, and IC,, remain
at a high state. Thus, in both orienta-
tions, the output of the NAND gate

only when power is ready
Goh Ban Hok, Lantiq Asia Pacific Pte Ltd, Singapore

An SOC (system on chip) nor-

mally requires two power sup-
plies—one for the core supply and the
other for the 1/O. To properly power
up the chip, you need to get one of
the power supplies ready before the
other, according to the SOC’s power-
sequence requirement. Normally, the
core voltage must power up first, and
the I/O voltage powers up second. In-

DECEMBER 3, 2009

stead of direct control of the power
supplies, you can control the system
reset to achieve a similar goal. Figure
1 shows the reset-conditioning circuit
that can accomplish this task. In this
circuit, the core voltage is 1.8V, and
the I/O voltage is 3.3V. The reset-SOC
signal produces a logic high when the
core voltage gets ready before the 1/O
voltage. When the 1/O voltage pow-

goes low, and the LED turns off.

The sensitivity of IC, is essentially ra-
tiometric. The resistive voltage divider
R./R; derives the positive and the neg-
ative reference voltages, which are in-
herently ratiometric. Thus, the detec-
tor’s operation is virtually insensitive to
power-supply variations. Note that the
NAND gate has an internal Schmitt
trigger at its inputs, and its logic out-
put therefore fulfills industrial-grade re-
quirements, including duration of the
logic-state transitions of no more than
10 nsec regardless of the slope of the de-
tected signal when crossing the thresh-
old. If you need a complementary on/
off indication, you can reconfigure the
circuit by another position of the LED
(dashed lines in Figure 1).Epn

REFERENCES

M “ADXL335: Small, Low Power, 3-
Axis =3 g Accelerometer,’” Analog
Devices, 2009, www.analog.com/
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products/product.html.

A “Precision Micropower, Low Noise
CMOS, Rail-to-Rail Input/Output
Operational Amplifiers, AD8603/
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2008 to 2008, www.farnell.com/
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ELxx New T-134 (5mm) Extra High
Brightness AllnGaP LED Lamps;’
Avago Technologies, www.avagotech
lighting.com/signageandsigns/signs/
si_new_products.

ers up first, the reset signal resets the
SOC chip only after the core voltage
powers up.

Comparator IC, monitors both volt-
ages. It operates on the 3.3V [/O-sup-
ply voltage. Resistor R, and variable re-
sistor R form a voltage divider that lets
you set the required voltage based on
the core voltage. In this case, the refer-
ence voltage is 1.65V at Pin 3. Push-
button switch S| provides a hard reset
of the SOC.

In Figure 2, the core voltage
(Trace A) powers up first, and the
1/O voltage (Trace B) follows. Com-
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Using u Differentidl I/O Amplifier in Single-Ended Applicutions

Desigh Note DN473
Glen Brisebois

Introduction

Recent advances in low voltage silicon germanium
and BiCMOS processes have allowed the design and
production of very high speed amplifiers. Because the
processes are low voltage, most of the amplifier designs
have incorporated differentialinputsand outputsto regain
and maximize total output signal swing. Since many low-
voltage applicationsare single-ended, the questions arise,
“How canluseadifferential |/0 amplifierinasingle-ended
application?” and “What are the implications of such
use?” This Design Note addresses some of the practical
implications and demonstrates specific single-ended
applications using the 3GHz gain-bandwidth LTC6406
differential I/0 amplifier.

Background

A conventional op amp has two differential inputs and
an output. The gain is nominally infinite, but control
is maintained by virtue of feedback from the output
to the negative “inverting” input. The output does not
go to infinity, but rather the differential input is kept to
zero (divided by infinity, as it were). The utility, variety
and beauty of conventional op amp applications are
well documented, yet still appear inexhaustible. Fully
differential op amps have been less well explored.

Figure 1 shows a differential op amp with four feedback
resistors. Inthis case the differential gainis still nominally
infinite, and the inputs kept together by feedback, but
this is not adequate to dictate the output voltages. The
reason is that the common mode output voltage can be
anywhere and still result in a “zero” differential input
voltage because the feedbackis symmetric. Therefore, for
any fully differential I/0 amplifier, there is always another
control voltage to dictate the output common mode
voltage. This is the purpose of the Vg pin, and explains
why fully differential amplifiers are at least 5-pin devices
(notincluding supply pins) rather than 4-pin devices. The
differential gain equation is Voyripmy = Viniomy * R2/R1.
The common mode output voltage is forced internally to

the voltage applied at Vog. One final observation is that
there is no longer a single inverting input: both inputs are
inverting and noninverting depending on which output
is considered. For the purposes of circuit analysis, the
inputs are labeled with “+” and “=” in the conventional
manner and one output receives a dot, denoting it as the

“ o

inverted output for the “+” input.

Anybody familiar with conventional op amps knows that
noninverting applications have inherently high input
impedance at the noninverting input, approaching GQ or
even TQ. But in the case of the fully differential op amp
in Figure 1, there is feedback to both inputs, so there is
no high impedance node. Fortunately this difficulty can
be overcome.

Ri2 Rr2

Ri1 Rf1 __:EO.HJF

DN4GB F01

Figure 1. Fully Differential 1/0 Amplifier Showing Two
Outputs and an Additional Vg Pin

Simple Single-Ended Connection of a Fully
Differential Op amp

Figure 2 shows the LTC6406 connected as asingle-ended
op amp. Only one of the outputs has been fed back and
only one of the inputs receives feedback. The other input
is now high impedance. The LTC6406 works fine in this
circuit and still provides a differential output. However, a
simple thought experiment reveals one of the downsides

L7, LT, LTC, LTM, Linear Technology, the Linear logo and pModule are registered
trademarks of Linear Technology Corporation. All other trademarks are the property of
their respective owners.
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of this configuration. Imagine that all of the inputs and
outputs are sitting at 1.2V, including Vogn. Now imagine
that the Voo pin is driven an additional 0.1V higher. The
only output that can move is Vgt~ because Voyt* must
remain equal to Vy, so in order to move the common
mode output higher by 100mV the amplifier has to move
the Voyt~outputatotal of 200mV higher. That’sa200mV
differential output shift due to a 100mV Vg shift. This
illustrates the fact that single-ended feedback around a
fully differential amplifier introduces a noise gain of two
from the Vg pin to the “open” output. In order to avoid
this noise, simply do not use that output, resulting in a
fully single-ended application. Or, you can take the slight
noise penalty and use both outputs.

Vin + Vour~
LTC6406
- p—Vour”
Vocm
I: 0.1pF

DN4GB F02

Figure 2. Feedback Is Single-Ended Only. This Circuit Is
Stable, with a Hi-Z Input Like the Conventional Op Amp.
The Closed Loop Output (Vgyi* in This Case) Is Low Noise.
Output Is Best Taken Single-Ended from the Closed Loop
Output, Providing a 3db Bandwidth Of 1.2ghz. The Open
Loop Output (V,,~) Has a Noise Gain Of Two From Vggp,,
But Is Well Behaved to About 300mhz, Above Which It Has
Significant Passband Ripple.

A Single-Ended Transimpedance Amplifier

Figure 3shows the LTC6406 connected as asingle-ended
transimpedance amplifier with 20k of transimpedance
gain. The BF862 JFET buffers the LTC6406 input,
drastically reducing the effects of its bipolar input
transistor current noise. The Vgg of the JFET is now
includedasan offset, butthisistypically 0.6V sothe circuit
still functions well on a 3V single supply and the offset
can be dialed out with the 10k potentiometer. The time
domain response is shown in Figure 4. Total output noise
on 20MHz bandwidth measurements shows 0.8mVguis
on Voyt* and 1.1mVgus on Voyt~. Taken differentially,
the transimpedance gain is 40k<.

Data Sheet Download

www.linear.com

0.2pF

3V 20k 1%

2

OSRAM
SFH213

—\Vour
LTC6406
Vout*

DN4GB F03

Figure 3. Transimpedance Amplifier. Ultralow Noise JFET
Buffers the Current Noise of the Bipolar LTC6406 Input
Trim the Pot for 0V Differential Output under No-Light
Conditions.

Figure 4. Time Domain Response of Circuit of Figure 3,
Showing Both Outputs Each with 20kQ of TIA Gain. Rise
Time is 16ns, Indicating a 20MHz Bandwidth.

Conclusion

New families of fully differential opamps like the LTC6406
offer unprecedented bandwidths. Fortunately, these
op amps can also function wellin single-ended and 100%
feedback applications.

For applications help,
call (408) 432-1900, Ext. 3755

LmearTechnoIogy Corporation
1630 McCarthy Blvd., Milpitas, CA 95035-7417
(408) 432-1900 ® FAX: (408) 434-0507 e www.linear.com

dn473 LT/TP 1209 116K « PRINTED IN THE USA

LY INEAR

© LINEAR TECHNOLOGY CORPORATION 2009
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Figure 1 This circuit for reset conditioning uses a comparator

parator IC, remains inactive until
the [/O voltage activates. When the
I/O voltage turns on, comparator 1C,
and AND gate IC,, operate. As the
voltage at IC’s Pin 2 is higher than
that of Pin 3, the comparator pro-
duces a high at Pin 7, which pulls up
through R..

The reset signal at IC,’s Pin 1
(Trace C) initially remains at zero and
starts to charge capacitor C, to the I/O
voltage through R,. Depending on
your application, you can adjust the
RC time constant to suit your needs.
The reset-in signal goes high after C,
charges to the logic-high level, which
produces a logic-high signal at Pin 3
(Trace D), resetting the SOC.

In Figure 3, the I/O voltage (Trace
B) powers up first, and the core volt-
age (Trace A) follows. The core volt-

THE RESET-OUT SIGNAL
REMAINS AT ZERO
STATE BECAUSE THE
CORE VOLTAGE IS
NOT YET PRESENT.

age powers up after the R /C, time
constant. When the core voltage is
0V, the comparator voltage at Pin 3
is higher than it is at Pin 2. Thus, the
comparator produces a logic low at
Pin 7. Pin 1 of AND gate IC,, remains
high after the I/O voltage charges ca-
pacitor C,. The reset-out signal re-
mains at zero state because the core
voltage is not yet present. When the
core voltage comes up, the voltage at
comparator IC’s Pin 2 is higher than

that of the threshold voltage at Pin 3.
Thus, the comparator output’s Pin 7
goes high. As reset remains high, the
reset SOC of AND gate IC, goes high
after a propagation delay. This action
resets the SOC.

In Figure 4, the I/O voltage (Trace
B) powers on first, and the core volt-
age (Trace A) follows. This case is sim-
ilar to that in Figure 3 except that the
core voltage powers up faster than the
R /C, time constant. The comparator’s
IC, output, Pin 7, goes high when the
core voltage turns on, and the voltage
at Pin 2 crosses the threshold of 1.65V
that resistor divider R /R, sets. How-
ever, the output reset’s SOC signal goes
high only when capacitor C, charges
to the logic-high level. AND gate IC,
then produces a high signal to reset the
SOC.epn

and an AND gate.

SEEE

L L

Figure 2 When the core voltage (Trace A) powers up before

the I/0 voltage (Trace B), the reset signal (Trace D) waits for

the capacitor to charge.

T =7 T % . T T T > - T F TY ¥ T x T T T

- TRACEA | | TRACEA

2V/DIV |} 2viov
- TRACEB | || TRACE B ]
- V/DIV |} aviDiv
. ]

TRACE C | F TrRacEC
- V/DIV |1 2vioiv |
P | |P ]

P QAP CUAIP DI OBNTRUM. [

- TRACED | | TRACED :
- V/DIV | - oV/DIV
F n n n | | L | - |

Figure 3 When the core voltage (Trace A) is late, the reset-

SOC signal (Trace D) remains low.

Figure 4 The reset signal (Trace D) goes high after both
voltages come up and the capacitor charges.
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Circuit provides simpler

power-supply-sequence testing
Dan Karmann, DLK Engineering, Thornton, CO

A previous Design Idea (Ref-

erence 1) describes a three-IC
control circuit for testing the power se-
quencing of an SOC (system on chip).
Although that circuit lets you control
the power-on sequence of two linear
power supplies, it uses one eight-pin
IC, two 14-pin ICs, several discrete
components, and a DPDT (double-
pole/double-throw) switch for the con-
trol. Replacing most of those compo-
nents with an inexpensive, eight-pin
microcontroller simplifies power-sup-
ply-sequencing control because the ap-
proach requires less wiring for compo-
nent interconnections. The approach
is also more versatile because it in-
volves only simple changes to the con-
trolling firmware. The simplicity and
versatility come at approximately the
same component cost.

A disadvantage of this circuit com-
pared with the original is that it re-
quires the appropriate firmware for the
microcontroller, an Atmel (www.atmel.
com) ATtinyl3. However, free tools

are available that let you develop and
program the microcontroller. This De-
sign Idea includes the source code for
the operation of the sequencer in both
Basic and C. You can download List-
ing 1, the code, from the online ver-
sion of this Design Idea at www.edn.
com/091203dia.

The demo version of the Bascom-
AVR Basic compiler is fully func-
tional and code-limited to 4 kbytes—
four times the code space in the AT-
tinyl3—and is freely downloadable
for noncommercial development from
MCS Electronics (www.mcselec.com).
The WinAVR (winavr.sourceforge.
net) tools used in this Design Idea use
the GNU GCC C/C++, a fully func-
tional, free open-source GNU GCC
compiler. You can easily integrate the
WinAVR compiler into the free IDE
(integrated development) AVR Stu-
dio from Atmel. To program the Atmel
microcontrollers, you can use free soft-
ware tools through the microcon-
troller’s six-pin SPI (serial-program-

ming interface). You can download
the easy-to-use, free PonyProg soft-
ware from Lancos (www.lancos.com/
prog.html) and also obtain the sche-
matics for the programming circuits.
The circuit in Figure 1, like the
circuit in Reference 1, includes two
TPS75501 regulators, IC, and IC.. This
new circuit needs only IC,, an eight-pin
microcontroller; S|, an SPST (single-
pole/single throw) pushbutton switch
to start the sequence; S,, an SPST tog-
gle switch, or a two-pin header with a
jumper, to control the sequence order;
and potentiometer R, to control the
sequence delay. According to the firm-
ware in Listing 1, pressing S, when S,
is open causes the microcontroller to
first turn on the 1.5V power supply and
then turn on the 3.3V power supply
following a delay that potentiometer
R, controls. Pressing S, when switch
S, is closed causes the microcontroller
to first turn on the 3.3V power sup-
ply and then turn on the 1.5V power
supply following a delay that potenti-
ometer R, controls. As with the origi-
nal Design Idea, a second press of S,
causes the power supplies’ turn-off to
take place in the same sequence and
with the same delay as their turn-on.
This scenario provides an opportunity

VIN
5v O :
: IC,
; | Ps75%01 |, v
' Py Py OouT1
g (Y Qv O {5y
EN FfB R,
IC, : 10k / D,
ATTINY13 8 4 Ry : RED
o-Ypes/RST vec —e > 10k Re o
) . DELAY 20k 3
PB3 PB2 > 1k
3 6 PS, EN |
PB4 PB1 : =
4 5 PS,EN | -
—4GND PBO . IC,
: TPS75501
! 4 o o ° Voure
c, ¢ YN our O 37y
SEQUENCE 0.1 uF : Uen  ralt .
TRIGGER [ |~s, S —— E SlaND 5R06k / GR[I)EQEN
CLosEDabs, b =
=99, POy E Ce * R, R
; 47 pF T 30k
O—o— ' ° o)

I i

Figure 1 This circuit needs only an eight-pin microcontroller, an SPST pushbutton switch, an SPST toggle switch, and a
potentiometer to control the sequence delay.
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clicks and pops

Tired of annoying clicks and pops? Get rid of them with the MAX9892. This tiny IC suppresses the
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for an easy enhancement or change in
operation.

The voltage level on Pin 7 of IC,
determines the delay, under firmware
control, between turning on or off the
first and the second power supply. The
microcontroller reads this delay voltage
with its 10-bit ADC and uses the value
to determine the delay according to the
following equation: Delay=(V, .,/
Vo) X1024 X1 msec, where V. is
the delay voltage. This equation yields
a delay range from a few microseconds
to a bit more than 1 second. As an ex-
ample, if the delay-voltage value from
R, is the midwiper value of 2.5V, the
sequencing delay is approximately 512
msec: (2.5/5V)X1024X1 msec. The
delay value is approximate because the
microcontroller uses its internal 9.6-

MHz RC oscillator to generate the tim-
ing with a simple firmware delay loop.

The code in Listing 1 follows the
original Design Idea in that a sec-
ond press of trigger switch S, causes
the power supplies to turn off in the
same sequence and with the same
delay with which they turn on. The
listing includes a constant OFF_SE-
QUENCE that you can change to
change the turn-off sequence with
the second press of S| (Figure 2). This
constant OFF_SEQUENCE is cur-
rently SEQUENCE_SAME to operate
as the original Design Idea did, but if
you set the OFF_SEQUENCE to SE-
QUENCE_REVERSE, the turn-off se-
quence will be in the opposite order of
the turn-on sequence. Alternatively, if

you set the constant OFF_SEQUENCE

to SEQUENCE_NONE, both power
supplies will turn off at once. This fea-
ture exemplifies the versatility of this
follow-on Design Idea with a simple
firmware change. Because the circuit
uses only about half the code space
in the ATtiny13, you could easily add
other desired changes. Although this
circuit uses an Atmel microcontroller,
you can use almost any low-pin-count
microcontroller with a built-in ADC.
However, other brands may not have
the readily available free development
tools that exist for Atmel devices.EDN

REFERENCE

M Ban Hok, Goh, “Circuit eases
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9, 2009, pg 50, www.edn.com/
article/CA6668618.

TRIGGER | L
SEQUENCE ]
PS1_EN I
PS2_EN -- DELAY -- |
(a)
TRIGGER | | LT
SEQUENCE 1
|
PS1_EN - DELAY -- I
PS2_EN |

(b)

Figure 2 The timing sequence shows the power sequence for S, (a) and S, (b).

Inexpensive power switch includes

submicrosecond circuit breaker
Anthony H Smith, Scitech, Bedfordshire, England

The circuit in Figure 1 lets

you switch high-voltage power
to a grounded load with a low-volt-
age control signal. The circuit also
functions as a submicrosecond circuit
breaker that protects the power source
against load faults. Power switches to
the load when you apply a logic-level
signal to the output control terminal.
When the signal is lower than 0.7V,
transistor Q, is off and the gate of P-
channel MOSFET Q, pulls up to the

DECEMBER 3, 2009

positive supply through R, thus hold-
ing Q, off. During this off condition,
the circuit’s quiescent-current drain
is OA.

A 3 to 5V signal at the control termi-
nal turns on Q,, which pulls R, to OV,
providing gate drive for Q,. The MOS-
FET now turns on and sources the load
current, [ , through sense resistor R, to
the load. If R’s and Qs on-resistanc-
es are smaller than the load resistance,
the magnitude of the supply voltage,

V,, and the load resistance mainly de-
termine the load current.

Under normal load conditions, the
sense voltage developed across R, is
too small to bias Q, on; thus, Q, and
Q, are both off. If, however, the load
current increases, the voltage across R,
may become large enough to turn on
Q,. At that point, base current flows
through R, to Q,, and Qs collector
current in turn provides base current
for Q,. As Q, turns on, it provides extra
base drive for Q,, and the two transis-
tors rapidly latch in the on-state.

With Q, saturated, its collector
pulls D,’s anode to the positive sup-
ply, which clamps Q,’s gate voltage to
a diode drop below V. Without gate
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drive, the MOSFET turns off,
and I falls to 0A. With Q
and Q, both latched on, Q, re-
mains off, which protects the
power source from excessive
load currents. You can reset
the circuit breaker simply by
taking the control signal low
or by cycling the power. The
resistance values in Figure 1
are suitable for operation at
supply voltages of 20 to 30V.
Assuming that the transistors
are suitably rated, the circuit
can operate at much higher
voltages, but you must scale
the resistor values accordingly.
Operation at a voltage as low
as approximately 5V is also
possible, but you may need to
reduce the values of R, and
R, to ensure proper drive for
Q, and Q,. Resistors R, and R, form a
potential divider, which sets Q,’s gate-
to-source voltage, V., to a value large
enough to enhance the MOSFET fully
when Q), is turned on.

At low supply voltages, you may
need to change the ratio of R, to R,
to ensure that the gate-to-source volt-
age is large enough to provide adequate
gate drive for Q,. When the circuit is
operating at high voltages, you may
need small-signal diode D, to prevent
reverse avalanche breakdown of Qs
base-to-emitter junction when Q; is
off. However, you can omit D, at low
supply voltages, which are too small to

SUPPLY
VOLTAGE
VS

Create a DAC

+Veg SUPPLY

Ry

R1
10k

O

OUTPUT
Rs CONTRO
10k

9
@ OUTPUT

L

test circuit using the values
in Figure 1 trips at a load
current of 70 mA. The actual
trip point varies slightly with
temperature and depends on
the device you use for Q,,
so be prepared to adjust the
value of R; to achieve the de-
sired trip current.

In addition to providing a
latching function, the posi-

d
Loap 3 | tive feedback loop around

Q, and Q, ensures that the
ON circuit breaker responds

quickly to an overload cur-
rent. The actual trip time
depends somewhat on the

ov

cause avalanche breakdown.

When selecting components, choose
high-gain devices for the bipolar tran-
sistors and ensure that D, has low re-
verse-leakage current; avoid using a
Schottky diode. In the off-state, each
transistor has the full supply voltage
across its collector-to-emitter or drain-
to-source terminals, so ensure the max-
imum voltage ratings across these ter-
minals are greater than the maximum
supply voltage.

The circuit breaker trips at a load-
current threshold: IL(TRIP)ZO‘SV/RY For
example, with a supply voltage of 24V
and with R having a value of 6.8(), a

rom a microcontroller's
f troller's ADC

Vardan Antonyan, Glendale, CA

Few microcontrollers include a

DAC. Although you can easily
find an inexpensive DAC to control
from your microcontroller, you can use
unused peripherals instead of adding
parts. Fortunately, you can convert a
microcontroller’s ADC channel along
with a GPIO (general-purpose input/
output) pin into a DAC. You can
make a DAC by charging a capacitor
to an analog level by driving it high.

DECEMBER 3, 2009

You can also discharge the capacitor
by driving it low, or you can hold its
voltage by tristating it (Figure 1). At
first glance, this approach seems like a
crude way to make a DAC. The tech-
nique becomes more plausible, how-
ever, when you use a PID (proportion-
al-integral-derivative) algorithm and
monitor the voltage with the micro-
controller’s ADC.

You can use the PID algorithm to

Figure 1 This inexpensive power switch incorporates a
submicrosecond circuit breaker.

magnitude of the fault cur-
rent. With a supply voltage
of 24V and with R, having a
value of 6.8(), the test circuit
takes 6 psec to trip at a fault
current of 80 mA. However, increasing
the fault current to 200 mA results in a
trip time of just 500 nsec.

Capacitive loads, filament bulbs, and
motors exhibit a large inrush current
and could cause the circuit breaker to
trip when the control signal goes high
even though the normal, steady-state
load current is below the trip thresh-
old. If this scenario is likely to be a
problem, consider connecting R, to a
separate transistor so that you can in-
dependently control the circuit breaker
and the power switch. This approach
lets inrush current subside before en-
abling the circuit breaker.EDN

compare the output voltage with the
desired value and calculate the error.
If the error value is zero, then the I/O
control block tristates the GPIO pin. If
the error signal is positive or negative,
then the I/O control block turns the I/
O pin to a high state to charge the ca-
pacitor or to a low state to discharge it.
Your microcontroller code should load
the error value into a timer to gener-
ate a timed pulse. The error-value sign
determines the charge/discharge cycle,
and its magnitude determines the du-
ration of the pulse. Once the cycle is
complete, you can set the I/O pin to a
tristate mode, which holds the value.
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The algorithm can run as a software
loop. You can call it based on another
timer interrupt. To minimize the re-
sponse time, make sure that this algo-
rithm runs at the desired output value
slightly longer than 2.2RC. You need
the extra time to completely charge
or discharge the capacitor through
resistor R .

The DAC’s resolution depends on
several factors, the foremost of which
is ADC resolution. The DAC'’s resolu-
tion never exceeds that of the ADC.
Variable selection and timer resolution
also affect DAC resolution. To imple-
ment a 10-bit DAC, you need a 16-bit
timer and 16-bit variables for the PID
algorithm. You can use a lower-reso-
lution timer, but you must more fre-
quently call the algorithm. That ac-
tion results in longer settling times and
higher CPU usage.

By adjusting the algorithm’s PID
variables, you can achieve surprising-
ly good output settling times with lit-
tle change to the DAC'’s output after
settling. The stability of the ADC’s

MICROCONTROLLER
DESIRED OUTPUT VALUE
PID
ALGORITHM
I ADC MEASUREMENT
ERROR l
1/10
Ry HIGH CONTROL
-~ O— LOW ¥
DAC OUTPUT o0—2z
c, TIMER
I DELAY
1/10
TRISTATE

Figure 1 You can develop a PID algorithm to control pulse width and time, thus
creating a DAC from a general-purpose 1/0 pin. Use the ADC as part of the

feedback loop.

voltage reference limits temperature
stability. Neither the temperature sta-
bility of R, and C, nor the leakage of
C, has an adverse effect on the DAC'’s
stability. The selection of R, and C,
depends on the application, and you
should select them based on set-
tling time. For relatively slow-acting
DAG:s, you can increase the update

rate by running the algorithm faster
than the 2.2RC period and using an
8-bit timer. To buffer the DAC out-
put, use an op amp as a voltage follow-
er or use a common emitter follower.
You can use a noninverting amplifier
to amplify the output and feed just a
portion of it to the ADC through a
voltage divider.Epn
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LINKING DESIGN AND RESOURCES

Distributors respond to design trends

lthough it appears that
the design chain is
streamlining, the op-

posite is true. Whereas engi-
neers can cherry-pick among
their suppliers’ best technolo-
gies, integrating these devic-
es into a cost-effective prod-
uct design takes more time
and effort.

“Designers used to be
able to go to one source if
they had questions or issues
with a design,’ says Roy Val-
lee, chief executive officer of
Avnet Inc (www.avnetcom).
Suppliers used to offer a suite
of products or technologies
designed to work together.
“Now, as suppliers focus on a
single technology, [designers]
have to go to their analog guy,
memory guy, ASIC guy, and
everyone else to solve a de-
sign problem,’ Vallee explains.

Although suppliers pro-
vide technical support for
their own devices, they don't
necessarily see a customer’s
entire design, says Michael
Long, chief executive offi-
cer of Arrow Electronics Inc

(www.arrow.com). Designers
could spend hours online or
make a dozen phone calls to
resolve a simple compatibil-
ity or integration issue. Along
with shorter product lifetimes
and tight OEM profit margins,
“these forces are putting a lot
of pressure on designers’ cost
and time, Vallee says.
Distributors are seizing this
opportunity to showcase one
of their core competencies:
providing a one-stop shop for
a variety of components and
technologies. Even though
the channel has cut personnel
during the recession, distribu-
tors are retaining and investing
in application engineers, Web
tools, technical-training semi-
nars, and other types of design

assistance. “It's no longer
about picking the best chip;
says Jeff Hamilton (photo),
director of marketing, design
engineering, for distributor
Newark (www.newark.com).
“It's about making the best
system decision!

Atypical scenario, according
to Digi-Key Corp (www.digikey.
com), involves a design engi-
neer who weighs the trade-offs
between FPGAs and DSPs for
a project. The designer hasn't
used an FPGA, so a distrib-
utor's applications engineer
helps the designer evaluate
which product best meets the
project's requirements.

Suppliers also benefit from
a technically savvy channel.
“We can add value by taking
a Texas Instruments product,
for example, targeted at the
4G [fourth-generation-com-
munications] market and test-
ing it in an application that
needs wide bandwidth capa-
bility,” says Hamilton. For more,
visit www.edn.com/article/
CAB704997.

—by Barb Jorgensen

WISCONSIN SIGNS ELECTRONICS-TAKE-BACK LAW

In late October, Wisconsin became the 20th
state to sign a statewide recycling law that
should affect the electronics supply chain. The
comprehensive product-take-back legislation
requires manufacturers of covered electronic
devices sold in Wisconsin to register and re-
cycle eligible devices. The law includes both
performance standards based on the covered
electronic devices and variable penalties for

manufacturers that fail to meet those standards.
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As in many other states with product-take-back
laws, the legislation sets collection goals based
on each manufacturer's market share. The bill
lists DVD players, VCRs (videocassette record-
ers), some telephones, cameras, PCs, printers,
and TVs. The legislation will force electronics
manufacturers to begin registering information
on covered electronics in February 2010. For
more on the legislation, see www.legis.state.
wi.us/2009/data/acts/09enSB0107.pdf—SD

DIGITAL-STB
MARKET STILL
STRONG

The digital-STB (set-
top-box) market remains a
“tremendous opportunity” for
manufacturers and technolo-
gy providers, according to In-
Stat (www.in-stat.com). The
research company reports
that the overall digital-STB
market grew from 37 million
units in 2001 to nearly 190
million units in 2008, with
product revenue at $18 bil-
lion. In 2009, In-Stat says,
growth turned mixed across
STB markets, with cable-STB
shipments declining and sat-
ellite, IP (Internet Protocol),
and digital-terrestrial seg-
ments continuing to see unit
growth. “The transition from
standard-definition to high-
definition STBs will continue
to provide STB vendors a
solid growth opportunity;’
says Mike Paxton, an In-Stat
analyst. “The integration of
personal-video-recording
capability is also creat-

ing growth opportunities”
According to In-Stat, IP-STB
shipments to telephone-com-
pany TV-service providers
are slowing as subscriber
growth matures and
moderates.

In-Stat further notes that
2009 is a year of transition
for digital-terrestrial STBs,
as the completion in June
of the analog switch-off in
the United States created
a “substantial bubble” of
digital-terrestrial-STB
shipments.—SD

Nooiino
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CONNECTORS

Power connectors use composite
back shells for weight reduction

N Targeting portable power systems and power-distribution boxes, the five-pole,
100A VEAM GRH-series connectors include rubber-covered coupling nuts,

improving grip and durability, as well as a composite back shell, reducing weight and
providing a streamlined profile. Features include finger-protected, set-screw termina-
tion-style contacts, allowing safe operation, wire installation, and field repair. The
connectors also provide quarter-turn coupling; UL recognition; 100A continuous op-
eration; and machined aluminum shells with a hard, black, anodized finish. Prices for
the VEAM GRH connector series range from $230 to $250 (100) per mated pair.

ITT Interconnect Solutions, www.ittcannon.com

High-density intercon-
nects have right-angle
sockets

The high-density Searay open-

pin field-interconnect family uses
right-angle sockets, allowing connection
to perpendicular and high-speed micro-
backplane applications. The device offers
a four-row configuration with 200 con-
tacts and a six-row configuration with
300 contacts. The system mates with the
Searay surface-mount terminals with op-
tional guideposts for blind mating and
offers a choice of tin-lead or lead-free
solder-charged termination. Available

ina 1.27X1.27-mm grid array, the Sea-
ray high-density open-pin field-intercon-
nect family costs 5 cents/pin (1000).
Samtec Inc, www.samtec.com

BGA-prototyping
adapter has 500,000-
spring-pin socket
The PA-BGA117C-P-S-01 proto-
typing adapter works with the SS-
BGA117C-01 clamshell spring-pin ZIF
socket, providing access to address and

data lines and enabling IC swap-out.
The adapter interfaces the 117-position,

0.075-in.-pitch BGA SMT-land pattern
to a 0.1-in.-center PGA. Gold-plated,
solder-tail, machined pins provide in-
creased reliability when users plug the
adapter into a receptacle or solder it to
a PCB. The adapters optionally have
wire-wrap pins, allowing designers to
built prototypes on inexpensive wire-
wrap panels. The clamshell ZIF sock-
et has low-inductance spring pins with
500,000-insertion capability. The sock-
et operates at 10-GHz bandwidth with
less than 1-dB insertion loss. The adapt-
er costs $190, and the clamshell spring-
pin ZIF socket costs $1288 (10).
Ironwood Electronics,
www.ironwoodelectronics.com

Smart-card connectors
suit GPS and mobile-
phone applications

Aiming at mobile-phone, point-

of-sale, and GPS applications, the
CCMO01 and CCMO02 smart-card con-
nectors come in sealed, normally open
card-detection switches, and a cham-
fered opening in the card-entry slot im-
proves card guidance. The eight-con-
tact CCMOI1 connector has a 100,000-
cycle-minimum mechanical life. The
eight-contact CCMO02 connector has a
500,000-cycle-minimum mechanical life
and provides an antipiracy system. Ad-
ditional features include a 10N maxi-
mum card-insertion force and a 0.25 to
0.5N contact-force range. The connec-
tors target use with full-sized ID1 cards,
and prices range from 10 cents to $6, de-
pending on type and quantity.
C&K Components,
www.ck-components.com
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COMPUTERS AND PERIPHERALS

Switchable graphics and improve battery life in notebook
ICs improve battery life computers. The PS8321 multiplexer

rives a DisplayPort video output from

in notebook Computers the active GPU, the PS8271 drives a

The PS8271 HDMI/DVI 2-to- DVI or an HDMI video output from
1 multiplexer, PS8321 Display- the active GPU, and the PS8325 cross-
Port 2-to-1 multiplexer, and PS8325 point switch drives either a Display-
dual-mode cross-point switches enable ~ Port or an HDMI/DVI output from the
switchable graphics implementations active GPU. Available in a 7X7-mm

High temperature Peel-A-\Way Removable Terminal
Carriers save time and money by replacing hand loading
operations, and by making solder inspection faster

and easier. Available in standard designs, and easily

- customized with multiple terminal types and unique

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

& accurate spacing. Peel-A-Way terminal carriers can

be easily removed or left in place for added stability.

Visit www.advanced.com/peel to learn more RoHS
about The Advanced® Difference in innovative gg”;fg:“
interconnect solutions.
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1-800-424-9850 \ /. INTERCONNECTIONS.
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QFN-48 package, the PS8271 costs
$1.75 (100,000). The PS8321 comes
in a 7X7-mm QFN-56 and costs $1.75,
and the PS8325 comes in an 11X5-mm
QFN-72 and costs $2.50.

Parade Technologies,
www.paradetech.com

Notebook hard drive
claims a 30% power
reduction

The Scorpio Blue 640-Gbyte

notebook hard drive comes in a
2.5-in. package with a 9.5-mm profile.
Using 320-Gbyte-per-platter technol-
ogy, the device packs 640 Gbytes into
a standard two-disk form factor. The
device consumes 30% less power than
the vendor’s previous Scorpio Blue
drives. It sells for $149.

Western Digital,
www.westerndigital.com

Display uses ECO
mode for reduced
power consumption

The 19-in. EA190M display,

part of the vendor’s MultiSync
EA series, has a 5-to-4 standard as-
pect ratio at a 1280X1024-pixel na-
tive resolution. Features include 250-
cd/m? brightness; 900-to-1 contrast
ratio; 5-msec response; and a four-way
ergonomic stand with a 110-mm ad-
justable height, pivot, tilt, and swiv-
el. The device offers a two-step ECO
mode, reducing power consumption,
and a dynamic video mode with stan-
dard, text, movie, photo, and game
presets. The display also provides
space-saving down-firing multimedia
speakers with a headphone jack. The
display costs $259.
NEC Display Solutions of America,
www.necdisplay.com

DisplayPort timing con-
trols meet DDM specifi-
cations at 4M pixels

N The DP627 and DP628 Dis-
playPort DDM (direct-drive-



monitor) timing controllers support
4M-pixel displays at 2560X 1600-pix-
el WQXGA resolution and provide
VESA DDM and VESA DisplayPort
compatibility. The timing controllers
display at a 10-bit depth. Suiting mid-
range displays, the DPO627 features
a four-lane DisplayPort input and
a two-channel mini-LVDS output,
supporting 1920X1200-pixel display
resolution. Targeting high-end dis-
plays, the DP628 features a four-lane
DisplayPort input and a four-chan-
nel mini-LVDS output, supporting
2560%1600-pixel display resolution.
The timing controllers also include
multichannel audio support through
[*!C and S/PDIF output ports. The
DP627 comes in an LQFP-128 and
costs $4.50 (100,000); the DP628
comes in a DP628-172 and costs $7.
Parade Technologies,

www.paradetech.com
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We even will pay you up to $100 to use it!
Download Now at
www.FreeDFM.com

~
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sales@OneStopAssemb(y com
1-888-LoadMe1 (1-888-562-3631)
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Quick-Turn Custom Solutions
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RS-232 or with USB adaptor
(included) interfaced line powered
HotMux provides a remote sensing
capability and eliminates the sensor
wire rat-nest at the computer.
Visual Basic Windows® MS-based
software provides applications data
transfer. Multi com-port capability
for additional channel monitoring.
Also handles other linear sensors.

The HotMux data
logger digitizes
8 thermocouple
Sensors, saves
data to file, and

displays results on
computer monitor.
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DANIEL VASCONCELLOS

TALES FROM THE CUBE JIM CASALEGNO ¢ RAYTHEON

Tanks a lot!

—————

ne of my company’s products is an underwater
acoustic sensor for use with an array of multiple
hydrophones—electrical instruments for detect-
ing or monitoring sound under water. The gain
and phase-matching characteristics of these in-
struments are critically important, so we would
every so often send production units to an outside lab to check

these parameters.

On one occasion, an anomaly ap-
peared in a customer-witnessed test
that threatened to halt production and
initiate an expensive recall. The prob-
lem was a phase difference between two
units that far exceeded the allowable
limit. It was especially puzzling that
these same units matched well with
another hydrophone but not with each
other. Further testing then revealed
that sometimes they did match each
other, and sometimes they failed to
match the third unit.

Testing occurred in a large, thick-
walled cylinder mounted on end and
extending through several floors of
the building. Chain hoists lifted the

massive lid, and wire bails attached to

the lid mounted the sensors under test.
Once the lid was replaced and tightly
bolted, the cylinder was filled with wa-
ter and pressurized to the equivalent of
tremendous ocean depths.

During testing, acoustic projectors
ensonified the cylinder—that is, filled
it with acoustic radiation for obser-
vation and analysis—with sine-wave
signals that varied over the frequency
range of the sensors and recorded the
sensors’ outputs. An elaborate control
system comprising projectors, reference
hydrophones, and a computer control-
ler eliminated sound reflecting off the
chamber walls.

After several days of time-consuming
testing, the results were more confus-

ing than ever. There seemed to be no
consistency to the failures. The only
reliable observation was that the phase
error varied with frequency as if there
were a fixed time delay between the
two sensors. We couldn’t trace the time
delay to any particular channel, sen-
sor, or environmental condition. Once
present, however, it remained until we
changed the test setup.

The most reasonable explanation
for this behavior was that the sensor
pair was mounted at different heights
within the test cylinder. A height differ-
ence of a few inches would account for
the phase errors. We checked the sen-
sor heights as they dangled from their
mounting on the lid and found that
they were identical. We tried watching
the lid being lowered onto the cylinder,
but observation during the last 6 inches
was impossible due to the thickness of
the stepped lid. We could find no expla-
nation for a sensor-height difference.

As we were preparing for our final
run, we milled about disconsolately,
waiting for the equipment riggers to fin-
ish their job. It was our last chance to
find the problem, but we had little hope
that the last test would tell us anything.
While waiting around, I happened to
wander over to the test tank and leaned
well over the railing to peer down in-
side the tank. What I saw shocked
and then delighted me. The inside of
the tank was not the smooth surface
everyone had imagined but had vari-
ous odd-shaped bumps projecting into
the interior. These bumps enclosed the
reference hydrophones, and we were
deliberately adjusting the height of the
hydrophones we were testing so that
their acoustic centers were adjacent to a
reference phone. There was nothing to
prevent these knobs from snagging our
somewhat-large sensor as we lowered it
into the tank.

We quickly rerigged to the transverse
set of wire bails so that our sensors
would slide past the reference phone
when we lowered it into the tank. We
conducted the final test, and the prob-
lem was gone.EDN

James Casalegno is a senior systems en-
gineer with Raytheon (Bristol, RI).
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BY PATRICK DORSEY

Spartan-6 FPGAs —
The Crystal Clear Advantage
In Flat Panel TVs

n the age of the flat panel display, top TV
manufacturers have to be extremely innovative.
They not only have to figure out what advanced
teature set they’ll include in their next line of T'Vs,
they must differentiate their TVs from a growing
number of competitors, then get those TVs to
market quickly. The most innovative OEMs have figured
out that the secret to staying on top and keeping their
edge in the TV market is to use low-cost Xilinx® Spartan®
FPGAs instead of ASSPs. In January, Xilinx in partnership
with distributor Tokyo Electron Device Ltd. (TED) will
make the Spartan FPGA advantage even more clear with
the release of its Spartan-6 FPGA Consumer Video Kit.

A few years ago, OEMs dealt
with these design and market
challenges by using one ASSP-based
chip set across multiple product
lines. By creating various software
features that leverage these chips’
internal processors, they could
quickly, though not too resound-
ingly, distinguish one TV’s feature
set from the others in their prod-

uct line. Unfortunately, a slew of
competitors followed suit and be-
gan using the same ASSP chip sets.
This limited differentiation, forced
the big OEMs to drop price points,
which significantly deteriorated
profit margins.

By switching to Spartan FPGAs,
OEMs can quickly enhance and
optimize the full hardware func-

Implement using GTP in Spartan-6
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Display Interface Bandwidth Requirements
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With integrated 3.125Gbps serial transceivers, the Spartan-6 family is ideally suited to
support increasing line rate and bandwidth requirements of emerging T'V standards.

ADVERTISEMENT

tionality (as well as software and
algorithms) of each product and
integrate the functions of multiple
chips into a single FPGA—elimi-
nating the restrictions of an ASSP-
based solution that only allows for
limited modifications. This transi-
tion from a multichip ASSP-based
system to a single-chip FPGA-
based system saves power, space,
cooling and improves overall sys-
tem performance, while reducing
overall bill of materials cost, and,
above all, enabling end-product
difterentiation.

‘What’s more, the Spartan se-
ries’ proven reliability and repro-
grammability has helped OEMs
drastically reduce defect rates and
increase margins as well as consumer
satisfaction, garnering their Spartan
FPGA-based flat panel displays
critical acclaim from editors and
customers alike.

To build on this success in the
consumer TV market and help
OEMs and their suppliers leverage
the integrated 3.125Gbps serial
transceivers and other advanced
features of Xilinxs new Spartan-6
family, in January Xilinx will an-
nounce the availability of the Spar-
tan-6 FPGA Consumer Video Kit.

This easy-to-use and expand-
able kit will include a baseboard
along with several FMC daugh-
ter cards, integrating soft IP logic
blocks from Xilinx and its partner
TED to support emerging and de
facto high-speed display interfaces,
including DisplayPort, V-by-One,
high-speed LVDS and HDMI.The
kit will streamline customer algo-
rithm development on Spartan-6
based systems and give designers
a jump on bringing differentiated
products to the market quickly.

To learn more about the Spartan
FPGA advantage, visit the Consumer
Page at www.xilinx.com/consumer.

About the Author: Patrick Dorsey is
the Sr. Director Product Management at
Xilinx Inc. (San Jose, Calif.). Contact
him at more_info@xilinx.com

© Copyright 2009 Xilinx, Inc. Xilinx, the Xilinx logo, Virtex, Spartan, ISE, and other designated brands included herein are trademarks of Xilinx in the United States and other
countries. All other trademarks are the property of their respective owners.
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How about up to 5200W in 2U?

Limited rack space doesn’t have to limit power. Introducing the new Agilent
N8700 Series DC power supplies, offering the highest power density available.
Imagine up to 5200W in a mere 2U of rack space. Or consider the compact and
reliable Agilent N5700 Series (1U). Both include standard GPIB, LAN (LXI C)
and USB interfaces, not to mention built-in voltage and current measurements
for simplified test system set up. So you can accomplish more, in less space.

DC Output Ratings N8700 Series N5700 Series
(21 models) (24 models)

Max. Voltage 600V 600V

Max. Current 400A 180A

Max. Power 5200W 1560W

Rack Height 2U 1U

Increase your power—download

the latest application notes today!
www.agilent.com/find/morepower

© Agilent Technologies, Inc. 2009 u.s. 1-800-829-4444 canada: 1-877-894-4414
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