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Digital Power for a Changing World
Adaptable, High-Density, Multi-functional POL Controller

The new UCD9240 Fusion Digital Power™ point-of-load (POL) controller from Texas Instruments gives designers faster time to 
market without sacrifi cing features or performance.  This fl exible and adaptable multi-rail controller provides high power density, 
dynamic power supply, load-optimized phase management and confi gurable sequencing.

High-Performance Analog >> Your Way, Fusion Digital Power, Technology for Innovators and the red/black banner are trademarks of Texas Instruments. 1823A0  ©  2007 TI  
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For evaluation modules and data sheets, visit >> 
www.ti.com/digitalpower
1-800-477-8924 ext 9240  
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Check out Atmel’s security solutions today at www.atmel.com/ad/securitysolutions

Everywhere You Are®

Secure Memory and Microcontrollers for Smart Cards Smart Card Reader ICs

Biometrics Trusted Platform Module IC Embedded Security RF Identifi cation

Ancient Methods of Protection Will Only 
Take You So Far.

When it comes to thwarting 
21st century evildoers, nobody 
has more industry-proven 
secure IC solutions than Atmel®.

 With a broad portfolio of biometric 
sensors, embedded security chips, RF 
identifi cation chips, secure microcontrollers 
and secure memories for smart cards, 
and RFID/card readers, Atmel has 
the expertise and fl exibility to provide 
customer-driven solutions for security in an 
unsecured world. 

 And, when it comes to measuring why 
we’re good, don’t just take our word for it. 
Our secure microcontroller product portfolio 
meets the stringent needs of the security 
market with some of the highest security 
certifi cations in the industry, including 
Common Criteria EAL4+/EAL5+, FIPS-140-
2 Level 3 and 4, ZKA, Visa® International and 
MasterCard CAST approvals.
 So, when your next project calls for 
security, think Atmel. We’re Everywhere You 
Are®… securely.

© 2007 Atmel Corporation. All rights reserved. Atmel®, logo and combinations thereof, Everywhere You Are® and others, are registered trademarks or 
trademarks of Atmel Corporation or its subsidiaries. Other terms and product names may be trademarks of others.
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High-Performance Analog >> Your Way TM

Portable Power Management

TI delivers high-performance and integrated power management solutions to fit battery power design challenges 
for a variety of applications, including cell phones, digital cameras, notebook computers and more. TI’s applications 
knowledge and unique manufacturing capabilities, combined with local technical support, allow us to deliver innovative 
power management products for the most demanding portable power designs. That’s High-Performance Analog >> Your Way.

Impedance Track, High-Performance Analog >> Your Way, Technology for Innovators and the red/black banner are trademarks of Texas Instruments. 1805A0 © 2007 TI

TPS63000

TPS799xx

TPS62110

TPS62350

TPS61081

bq24060

bq20z90

TPS65050

TPS65023

96% effi cient, buck/boost DC/DC converter: 1.2-A, in 3 x 3 mm2 QFN

Low-noise, low dropout regulator: 200-mA, 40-µA IQ, high PSRR, in WCSP 

1.5-A step-down DC/DC converter: synchronous, 17-VIN, up to 95% effi ciency

800-mA step-down converter with I2C: 3-MHz, 2.7-V to 6-VIN, in WCSP

High-voltage boost converter: 27-VOUT, integrated 1.3-A switch

Linear 1-cell, Li-Ion battery charger: thermal regulation, 6.5-V OVP, temp sense

Li-Ion battery gas gauge: 99% accuracy, Impedance Track™ Technology, SBS 1.1-compliant

6-channel PMU: 2 DC/DCs and 4 LDOs, 4 x 4 mm2 QFN, up to 95% effi ciency

6-channel PMU with I2C: 3 DC/DCs and 3 LDOs, DVS, in 5 x 5 mm2 QFN
Get samples, evaluation modules 
and access the online Power
Management search tool at >>
www.ti.com/portable
1.800.477.8924 ext.1103

PRO
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SUPPORT

HIGH-PERFORMANCE ANALOG           YOUR WAY>> TM
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Industry’s First 6V to 100V 
Current-Mode Buck Controller

LM5116 Features
• Ultra-wide input range: 6V to 100V
• Programmable output from 1.215V to 80V
• Less than 10 µA Iq in sleep mode

• Frequency adjustable to 1 MHz with sync capability
• Programmable soft-start
• Drives standard or logic-level MOSFETs
• RDS(ON) or resistor current sensing
• Controlled start-up into pre-biased load

• Available in thermally enhanced TSSOP-20 packaging

Ideal for use in telecommunications, automotive, and industrial control applications

 National Semiconductor Corporation, 2007. National Semiconductor and      are registered trademarks of National Semiconductor Corporation. All rights reserved.

For FREE samples, datasheets, and more information on 
the LM5116, contact us today at: power.national.com

Or call: 1-800-272-9959
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 Power Design Seminars

Near You
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Estimating the ZigBee 
transmission-range 
ISM band

67Designers of short-
range wireless devices 
in the 900-MHz and 

2.4-GHz band need to under-
stand what and how parameters 
affect the transmission range 
based on formulas and be able to 
apply them in formulas for statisti-
cally calculating the path loss and 
range for both indoor and outdoor 
environments.  by Shreharsha Rao, 

Texas Instruments

Designing medical 
devices for isolation 
and safety

75Optocouplers and 
sound design practices 
provide effective isola-

tion for medical equipment and 
protect patients from leakage cur-
rents.  by Yeo Siok Been, Jamshed 

Namdar Khan, and Derek Chng 
Peng Hui, Avago Technologies
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Compact imaging 
systems face 
partitioning issues

37CMOS imagers enable 
many choices, from 
cameras on chips to 

distributed-processing architec-
tures, but the wild card may be 
autofocus technology.

by Ron Wilson, Executive Editor

contents

Reducing power con-
sumption in battery-
powered applications

81Using the lower power 
modes of advanced 
microcontrollers means 

less battery drain in parked auto-
mobiles and longer battery life in 
portable consumer products. 

by Matt Ruff,
Freescale Semiconductor

Small, high-perform-
ance ICs require wafer-
level-RF measurements

91Although accurate and 
repeatable results require 
different instrumentation 

and techniques, don’t be intimidated 
by wafer-level-RF measurements. 
                   by Larry Dangremond,
                        Cascade Microtech

Taking a bite out 
of power: techniques 
for low-power-ASIC 
design

46Even if you are 
designing an ASIC 
or SOC that doesn’t 

target a low-power application, 
you need to become familiar with 
low-power-design techniques, 
because the newest generation 
of silicon-process technologies 
inherently leaks power. 
by Michael Santarini, Senior Editor
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M-LVDS – The Bus Standard
Signal Integrity for Backplanes and Cables

Texas Instruments provides a broad range of innovative Multipoint LVDS (M-LVDS) devices that deliver the speed, power 
and robustness required for backplane and multipoint bus applications. With contention features for data and control 
signals, single- and eight-channel transceivers, a quad driver, single-channel receivers, and clock buffer devices for 1:8 
and dual 1:4 fan-outs, TI’s M-LVDS products are ideal for distributing clock and synchronization signals.

Device
Signaling

Rate (Mbps)
No. of
Tx / Rx Input Output

ESD HBM
(kV) Function

SN65MLVD047A 200 4/0 LVTTL M-LVDS 9 Quad Driver

SN65MLVD080 250 8/8 LVTTL, M-LVDS M-LVDS, LVTTL 8 Octal Half-Duplex Transceiver

SN65MLVD128 250 8/1 LVTTL M-LVDS 9 Repeater

SN65MLVD201 200 1/1 LVTTL, M-LVDS M-LVDS, LVTTL 8 Half-Duplex M-LVDS Transceiver

SN65MLVD207 200 1/1 LVTTL, M-LVDS M-LVDS, LVTTL 8 Full-Duplex M-LVDS Transceiver

SN65MLVD2 250 0/1 M-LVDS LVTTL 8 Single Channel M-LVDS Receiver

SN65MLVD3 250 0/1 M-LVDS LVTTL 8 Single Channel M-LVDS Type-2 
Receiver

Applications

– AdvancedTCA (ACTA) and MicroTCA
– Clock, data, sync and control
– Cellular base stations
– Central-office switches
– Test and measurement

Features

– Meets M-LVDS (TIA/EIA-899)
– 11.3mA driver output current 
– 50mV receiver thresholds 
– Contention provisions:

   • Driver short-circuit limited to 43mA
   • Devices limit bus voltage from 0 to 2.4V
   • Drivers tested with 32 contending nodes

– Failsafe support

High-Performance Analog >> Your Way, Technology for Innovators and the red/black banner are trademarks of Texas Instruments. 1853A0  © 2007 TI  

19.44 MHz measured on backplane

For evaluation modules,
data sheets and samples
visit >> www.ti.com/mlvds
800. 477. 8924 ext.13841

New products listed in red
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Thermal-design techniques
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Fooled by a thermocouple: 
Temperature sensing gone awry
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EDN’s Prying Eyes articles, in which we 
tear into a product to reveal the engineer-
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now giving you the chance to explore some 
Prying Eyes projects in a multimedia Flash 
presentation. Check out:
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A HEX (CODE) UPON US
In “Find hex-code values for microcon-
troller’s ADC voltages” (April 12, 2007, 
www.edn.com/article/CA6430339), we 
flubbed a key formula. The typo made the 
Design Idea seem less impressive than 
it actually is and prompted some colorful 
reader comments. We have now corrected 
the online version, and the author has pro-
vided a look-up table, a handy Excel spread-
sheet that allows you to interact with the 
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 40V, 2.5A
Non-Synchronous Buck Regulator
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Non-Synchronous Buck Regulator

Ultra Compact, Simplified Design SolutionsUltra Compact, Simplified Design Solutions

Adjustable Frequency Up to 4MHz
Input Range 4.5V - 40V (Max)
150mΩ Integrated Switch
Compact QFN10 (3mm x 3mm) Package
Only 10 External Components!
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 21V, 8A, 600KHz
Synchronous Buck Regulator

45mΩ Internal Power MOSFET Switch

Only 8 External Components!
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Featured (High-Voltage) Non-Synchronous Bucks
Part Frequency VIN (V) VOUT (V) IOUT (A) Package

MP4459
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MP2467

MP4461

4MHz (Adj.)

4MHz (Adj.)
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4MHz (Adj.)

4.5 - 40 (Max)
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4.5 - 40 (Max)
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www.monolithicpower.com
The Future of Analog IC Technology®

Monolithic Power Systems®
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DC to DC Converters  CCFL / LED Drivers  Class D Audio Amplifiers  Linear ICs
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Certified

ISO9001:2001
Certified
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Ultra Compact, Simplified Design Solutions

 21V, 8A, 600KHz
Synchronous Buck Regulator
 21V, 8A, 600KHz
Synchronous Buck Regulator
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Up to 8A for Today’s High Performance Digital Core
Stable with Low ESR Output Ceramic Capacitors
Internally Compensated
Integrated Soft StartActual Double Sided
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QFN 14
(3mm x 4mm)
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ISO9001:2001
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the burgeoning Internet (www.edn.
com/article/CA41781). My prima-
ry thesis centered on the shortage of 
unique IP addresses that 32-bit IPv4 
afforded. Now, a number of measures, 
such as NAT (network-address trans-
lation), seemingly have solved the 
address issues—or have they? Many 
good reasons still exist for devices to 
have globally unique IP addresses.

Acquaintances that use technolo-
gy but aren’t in the tech industry have 
been asking me about the concept of 
a new Internet to replace what we 
have. I think it’s highly unlikely that 
we can develop an entirely new net-
work and one day throw the switch to 
move from old to new, although I can 
see the clean-sheet-of-paper benefits 
when things such as security are con-
cerned. I believe that it’s more likely 
that we will continue to evolve the 
Internet and that a move to IPv6 al-
most a decade after I first thought it 
was a critical need would be a step in 
the right direction.

For a good update on the status of 
IPv6, you might check out a compre-
hensive package of stories that eWeek 
produced on the subject. The main sto-
ry, “IPv6: Ready or not,” and numer-
ous sidebars describe the advantages 

of IPv6 and the obstacles to broad de-
ployment (www.eweek.com/article2/
0,1895,2126069,00.asp). The main 
eWeek article used the Katrina hur-
ricane disaster to point out how IPv6 
could have greatly improved quick de-
ployment of a network after such a di-
saster. Quicker and simpler deploy-
ment would have accelerated recov-
ery efforts. IPv6 would have simplified 
deployment because every IP-enabled 
device, including notebooks and even 
cell phones, could act as a server on 
the network, providing an immediate 
means to dynamically build a network.

I’d argue that IPv6 is also great 
in the embedded-device market in 
which more machines, sensors, and 
other noncomputer devices are net-
work-enabled. Indeed, I’d encourage 
all engineers to design for IPv6 sup-

port even if they don’t think that sup-
port is currently necessary. I’m hoping 
that IPv6 has simply been another vic-
tim of Leibson’s Law (www.edn.com/
blog/980000298/post/750007875.
html). Steve Leibson, a Tensilica ex-
ecutive, EDN contributor and blog-
ger, and former EDN editor in chief, 
observed that it takes any good idea 
a decade to matriculate and succeed. 
IPv6 was stable and ready for prime 
time around 1999. We should see a 
broad migration to IPv6 in the next 
few years.

Alas, I always expect technology 
change to happen more rapidly. Clear-
ly, I was early in calling for IPv6 adop-
tion at the beginning of 2000. At the 
time, it seemed necessary. I remember 
companies such as 3Com and Cisco 
having hordes of IP-address space and 
giving every employee a unique IP 
address, although, in their labs, they 
were working on NAT and similar 
technologies. Who knew that every 
wired home would have a NAT-en-
abled router and that broadband pro-
viders would dynamically assign IP ad-
dresses? I guess I can take solace in not 
being the only person alarmed by the 
disappearing address space.

I could have also used a dose of 
Leibson’s Law before I wrote the edi-
torial for that first issue of CommVerge. 
In “POTS: R.I.P.,” I predicted the de-
mise of analog telephones and a mas-
sive switch to VOIP (voice over IP) 
within a year or two (www.edn.com/
article/CA41788). Well, I still have a 
POTS (plain-old-telephone-system) 
phone today. But here we are, more 
than seven years later, and VOIP is 
rapidly usurping POTS, and, by the 
time the clock strikes a decade, POTS 
will likely be gone.EDN

BY MAURY WRIGHT, EDITORIAL DIRECTOR

Unique IP addresses will prove 
main IPv6 benefit

,,
E D N . C O M M E N T

 S
tarting in late 1999, I was editor of CommVerge, a short-
lived sister publication to EDN that focused on the con-
vergence trend. We launched just as the Internet went 
mainstream and folded with the so-called dot-com bust. 
In the first issue, my article “Maxed out” described the 
critical need for a move from IPv4 (Internet Protocol Ver-

sion 4) to IPv6 (Internet Protocol Version 6) as the foundation of the

It’s highly unlikely 
that we can 
develop an entirely 
new network and 
one day throw the 
switch to move 
from old to new.

MORE   AT EDN.COM

      Go to www.edn.com/070524ed 
and click on Feedback Loop to post 
a comment on this column.

+

Contact me at mgwright@edn.com.

edn070502edit_id   14edn070502edit_id   14 5/8/2007   12:00:26 PM5/8/2007   12:00:26 PM



Everything you need to save
our world, 1mW at a time.

www.fairchildsemi.com/power

The Power Franchise®

Developing more energy-efficient designs has never been 
so challenging … or so critical. No wonder power engineers
everywhere turn to Fairchild. The Power Franchise offers
more power-efficient solutions and support services across 
a broader range of designs than anyone.

Advanced technologies inside, leading 
packaging outside
Leveraging innovative process technologies across power
analog, power discrete and optoelectronics products from
1W to 1200W, Fairchild provides the industry’s most 
comprehensive portfolio of standard components and 
application-optimized ICs. The result? Solutions that 
maximize energy savings in power-sensitive applications.

More ways to optimize your designs
Improving energy efficiency is one of many ways Fairchild
can help to optimize your designs. For example, our overall
component performance and functional integration reduce
board space, design complexity and system cost. And with
online tools, FAEs and regional centers staffed by PhD-level
power engineers, our Global Power Resource™ represents
the industry standard in customer design support. 

Satisfy regulatory requirements and exceed 
customer expectations
Around the globe, discover how Fairchild’s power designs
can help you meet the most demanding energy efficiency
regulations and OEM application requirements.

EDN070502_ADS.indd   15EDN070502_ADS.indd   15 5/7/2007   12:04:42 PM5/7/2007   12:04:42 PM



EDN070502_ADS.indd   16EDN070502_ADS.indd   16 5/7/2007   12:04:44 PM5/7/2007   12:04:44 PM



William Stokes, Applications Engineer

Engineers often face the challenge of choosing the input
voltage rail that works best for the DC-DC converter at
the Point-of-Load (POL). High voltage rails, above 12V,
usually demand intermediate regulation stages that reduce
overall efficiency and add to cost. However, the new 
generation of regulator and controller ICs afford POL 
regulation from these high input rails directly. Typically
the buck regulator is employed as the POL workhorse but
its efficiency is highly dependent on the optimization of
the High-Side (HS) and Low-Side (LS) MOSFET (FET)
combinations. At lower input voltages it is often possible
to use the same HS and LS FETs, yet for higher input 
voltages the selection criteria for these FETs are different,
and will be the subject of this application note.

Buck Converter Loss Mechanisms
The schematic in Figure 1 shows the basic architecture for
a DC-DC buck (or step-down) voltage regulator circuit
that employs the LM5116 as the Pulse Width Modulator
(PWM) switch controller. The critical current path is from
VIN through the HS FET to the output via the inductor;
and alternately, from ground through Rs and the LS FET
to the output. Power losses due to the FETs along this path
tend to dominate all other losses.

Losses occurring in the FETs are a combination of con-
duction losses in the channel of the FET and switching
losses during the turn-on and turn-off transitions.
Conductive losses are proportional to the RMS current
through each FET, and ignoring the ripple current in
the output inductor, are often approximated (for the HS
and LS respectively) by the following:

and 

In these equations IOUT is the output current, RDHS and
RDLS are respectively the on-resistances of the HS and LS
FETs, D is the duty cycle of the HS FET and (1-D) is the
duty cycle of the LS FET.

The duty cycle, D, is given by  

The switching behaviors of the HS and LS FETs in the
buck regulator differ from each other and this difference
can be understood with the aid of Figure 2.

The LS FET exhibits zero-voltage switching. First of all,
the gate voltage, VLSgate, turns the FET on while the FET’s
body diode is conducting. Then, when the gate turns the
FET off, the load current will continue to flow in the same
direction but now through the body diodes, such that the
drain voltage stays near zero. Thus the attendant switching
losses are negligible in both cases. 

The main switching loss caused by the LS FET occur in
the gate driver due to the charging and discharging of its
gate capacitance. At higher frequencies in high power
systems this can  impose an upper  limit on the number
of LS FETs that can be  used in parallel to reduce the on-
resistance. The increase in gate drive power required as
more FETs are used in parallel can exceed the reduction
in conduction losses. 

Switching losses are significant in the HS FET because
its drain-source voltage is equal to VIN and its drain cur-
rent is approximately equal to IOUT at both turn on and

Application Note AN-1628

ANALOG edge SM

Minimizing FET Losses for a High-Input Rail Buck Converter

Figure 2.  Basic Switching Characteristics (not to scale) for HS and
LS FET Operating in a DC-DC Converter Application

Figure 1. Synchronous Buck Regulator Schematic

(Eq. 1)

(Eq. 2)
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turn off, leading to large overlap losses.
The switching losses are approximated by

where fSW is the switching frequency; tswHS_rise

is the time it takes the gate voltage to rise from
its threshold value to the end of the plateau
interval; tswHS_fall is the time it takes the gate
voltage to fall from the beginning of the
plateau interval to the threshold value; Qgs is
the total gate charge of the FET; Coss is the
FET’s drain-source capacitance; and VGH is its
gate drive voltage. The determination of the
fall and rise times is beyond the scope of this
article, but the relevant equations can be
found in the web-published application notes
of various MOSFET vendors.

The first term on the right hand side in 
Eq. 3 is the power lost in the FET due to
the simultaneous high drain current and
drain-source voltage at turn on and off
already mentioned. The second term is the
power required by the FET’s gate, (which is
dissipated in the gate driver). The third
term is the power dissipated in charging the
parallel combination of the  LS and HS
FETs’ output capacitance.

Another switching loss that occurs in the HS
FET is due to the reverse recovery of the LS
FET’s body diode. This loss can be virtually
eliminated at low currents (<5A) by parallel-
ing a schottky diode with the LS FET.

Design Lessons
The following generalizations are based on
the above equations and should give further
insight into FET selection: 
1)Switching losses increase for larger gate and

drain capacitance and these capacitance are
inversely proportional to the on-resistance.
FETs with the lowest on-resistance
inevitably have the higher capacitance 
hindering HS switching speed.

2)Reducing the switching clock frequency
reduces switching losses; that is, at lower
frequencies the losses during on/off transi-
tions become a diminishing proportion of
the total on-time of the FET causing con-
duction losses to increasingly dominate.

3)For higher input voltages relative to the
output voltage the duty cycle of the HS
FET decreases causing the switching
losses to increasingly dominate.

4)In order to further reduce conduction
losses, multiple, parallel, LS FETs are
often employed. The number of parallel
FETs is determined ultimately by cost,

the gate driver’s ability to drive them,
and the point of diminishing returns. 

The engineer should be aware that in most
POL applications, especially for input volt-
ages higher than 12V, the switching losses
will likely dominate all other losses.
Equation 3 shows that under these circum-
stances the lowest overall losses in the HS
FET are not necessarily achieved by using a
device with the lowest on-resistance. The
FET must be selected to minimize the sum
of all the losses. The FET’s on-resistance
must be optimized at a higher value to
achieve reduced capacitance and so reduce
the switching losses. The major MOSFET
vendors now provide “reduced charge, fast
switching ” MOSFETs which are optimized
in this way for high-side buck applications.

If optimizing the FETs does not enable
high enough efficiency in a system, the
switching frequency can be reduced to
decrease the switching losses and improve
the efficiency. This, however, can result in a
physically larger system. Figure 3 is an
example of measured data from a generic
evaluation board. The efficiency of this
board was measured at various switching
frequencies without changing any compo-
nents on it except for the frequency-setting
resistor. Though the conduction losses
increased as the switching frequency was
reduced (due to increased ripple currents),
the overall efficiency went up because the
switching losses in the HS FET decreased.
The graph shows that changing the switch-
ing frequency has a dramatic effect on the
switching losses.

The foregoing discussions have made clear
that to achieve maximum efficiency in a
high input voltage buck converter, the high
side MOSFET must be carefully selected to
minimize the sum of the switching and
conduction losses. �
The author wishes to acknowledge Haachitaba Mweene for
his help with writing this article. 

National Semiconductor
2900 Semiconductor Drive
Santa Clara, CA 95051
1 800 272 9959

Mailing Address:
PO Box 58090
Santa Clara, CA 95052

Figure 3. DC-DC Converter Measured Data Showing the
Efficiency as a Function of the Switching Frequency

(Eq. 3)
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Aiming to boost the performance of 
applications in the telecommunications, 
medical-engineering, and transporta-

tion industries, MEN Micro recently released a 
new 6U, CompactPCI single-board computer 
featuring either one or two Intel Xeon dual-
core processors operating at 1.66 GHz. You 
can use the hot-swappable D7 server blade 
as a peripheral-slot board; a 64-bit, 66-MHz 
PCI system board; or a 64-bit, 133-MHz PCI-
X (PCI Extended) system board. The D7 allows 
multiple memory variants, including error-cor-
recting DRAM, nonvolatile FRAM (ferroelectric 
random-access memory), SRAM, and NAND 
fl ash. The built-in PCI Express link drives the 
two Gigabit Ethernet interfaces on the front 
panel and one or two XMC (switched-mez-
zanine-card) modules. The D7 also supports 
12-Gbps Ethernet connections without per-
formance losses.

In addition to a front-panel USB slot, the 
D7 includes two serial and two parallel ATA 

(Advanced Technology Attachment) inter-
faces for connection of mass-storage devices 
or CompactFlash. The D7 includes an FPGA 
for confi guration of application-specifi c I/O 
functions, such as additional serial interfaces, 
graphics, fi eldbus interfaces, and digital I/O. 
The price for the D7 is $5010, and delivery is 
within two weeks after receipt of order.

—by Warren Webb
�MEN Micro Inc, www.menmicro.com.

Power subsystems that use a DPA (distributed-power architecture) usually have several independent 
power modules throughout the system, providing different voltages and currents and probably switching 
at different frequencies. These differing frequencies can cause signifi cant noise problems for the sys-
tem. The IBA (intermediate-bus architecture) is even more susceptible to module switching noise. It has 
more switching modules with higher switching currents resulting from the lower voltages of the archi-
tecture’s nonisolated POL (point-of-load) converters. Add to this the fact that the power subsystems 
often mix power converters from different manufacturers, and a very noisy power environment can result.

To address these problems, the NAT1vvvvXcc family of POL converters from NetPower includes a 
synchronization option to allow all POL converters in a system to operate at the same switching 
frequency and to eliminate beat frequencies. In addition, you can phase-shift the converters’ clocks, al-
lowing the converters to operate in an interleaved mode and further reduce switching-frequency noise. 
The synchronization also lets designers avoid critical frequencies that may interfere with the system’s 
operation or modulate the switching frequency to eliminate or manage system EMC (electromagnetic-
compatibility) problems. The input range for the modules is 8.5 to 18V, and the output range is 0.75 to 
8V with a 12A ($9.30) or a 20A ($11.50) output current.—by Margery Conner
�NetPower, www.netpowercorp.com.

Blade computer sports four cores

EDITED BY FRAN GRANVILLE

The NAT1vvvvXcc family 
of POL converters from 
NetPower includes a 
synchronization option to 
allow all POL converters 
in a system to operate at 
the same switching fre-
quency and to eliminate 
beat frequencies. 

“I had a hi-fi nut for 
a housemate a few 
years back. … Unlike 
many, he didn’t fall 
for the whole OFC 
[oxygen-free-copper] 
thing. Instead, he 
braided three or four 
pieces of multistrand, 
copper-mains-rated 
cable to produce 
flat, flexible cables. 
… [It’s] simple, safe, 
cheap, good listen-
ing ... can’t get bet-
ter than that!”
—Dean Perry, in EDN’s 
Feedback Loop, at www.edn.
com/article/CA6418215. Add 
your comments.

FEEDBACK LOOP

INNOVATIONS & INNOVATORS

The new D7 CompactPCI single-board com-
puter features dual-core processors, hot-swap 
functions, and a reconfigurable I/O section.

Synchronizable POL converters beat the noise
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National Instruments 
has announced what 
it calls the industry’s 

fi rst PXIe (PXI Express) high-
speed instruments as well 
as the industry’s fi rst 18-slot 
PXIe chassis. The modular 
instruments include the 100-
MHz, 100M-sample/sec, dual-
channel PXIe-5122 digitizer 
and the 50- and 25-MHz, 32-
channel PXIe-6537 and PXIe-
6536 digital-I/O modules. The 
PXIe-1065’s 18-slot chassis 
offers dedicated bandwidth of 
as much as 1 Gbyte/sec per 
slot and both PXI and PXIe 
slots. According to the com-
pany, the PXIe products tar-
get applications such as signal 

intelligence, spectral monitor-
ing, semiconductor-chip char-
acterization, and video test.

“PXIe builds on commercial 
PCIe [PCI Express] technol-
ogy to increase the number of 
applications the multivendor 
PXI standard serves,” says Eric 
Starkloff, National Instruments’ 
director of test-product mar-
keting. “Adding a high-speed 
data-streaming capability to 
PXI maintains the compatibility 
among more than 1200 mod-
ules from more than 70 ven-
dors that has made the stan-
dard a leading modular-instru-
mentation platform.”

The new instruments add to 
the manufacturer’s extensive 
list of PXI mixed-signal prod-
ucts, which include high-speed 
digitizers and oscilloscopes, 
high-speed digital-I/O mod-
ules, baseband and RF ana-
lyzers, and signal generators. 
The new instruments enable 
high-speed data recording and 
playback through the newest 
industry-standard bus, PCIe, 
which, on a bidirectional, four-
lane link, delivers as much 
as 1 Gbyte/sec of stream-
ing throughput. For example, 
with the four-lane-link-based 
PXIe-5122 digitizer, you can 
simultaneously capture ana-
log signals on two channels 

with 14-bit resolution at 100M 
samples/sec and stream the 
signals across the PCIe bus 
to the PC’s memory or hard 
disk at the digitizer’s full rate of 
400 Mbytes/sec. You can also 
use the X1-link-based PXIe-
6536/37 digital-I/O modules 
to stream digital waveforms to 
and from the module at the full 
200-Mbyte/sec data rate.

The PXIe-1065’s 18-slot 
chassis complements the 
PXIe-1062’s eight-slot chas-
sis to address higher-channel-
density PXIe-based systems. 
The new chassis includes a 
combination of PXI and PXIe 
hybrid slots to accept both cur-
rent PXI modules and higher 
bandwidth PXIe modules. All 
of the PXIe products integrate 
with a variety of software, 
including the manufacturer’s 
LabView graphical-develop-
ment environment, LabView 
SignalExpress interactive-
measurement software, and 
TestStand test-management 
software.

Prices for the PXIe-5122 
digitizer, the PXIe-6536/37 
digital-I/O modules, and PXIe-
1065 chassis start at $5499, 
$1799, and $5499, respec-
tively.—by Dan Strassberg
�National Instruments, 
www.ni.com.
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100M-sample/sec, 14-bit digitizer 
and 25- and 50-MHz digital-I/O 
modules are first to support PXIe

DILBERT By Scott Adams 

The MFA350 ac/dc-
power supply from XP 
Power provides 350W 
in its 3.2�6.8�1.5-in. 
(81�173�38-mm), U-
bracket package. The base 
product delivers 364W 
across the entire input 
range of 90 to 264V ac and 
is available in 12, 24, and 
48V-dc-output versions. 
It includes a 12V, 1A fan 
supply and a 5V, 0.3A 
standby supply and sig-
nal set, including ac fail, 
dc OK, remote on/off, ac-
tive current sharing, and 
remote sensing. The unit 
functions at full power 
from �10 to �50�C and 
at temperatures as high 
as 70�C with derating. 
The MFA350 is 89% ef-
ficient and requires 13-
cfm airflow for full output 
power. Hot-swap models 
have ORing FET outputs, 
front-access IEC (Inter-
national Electrotechnical 
Commission) inlets, and 
extraction handles. The 
supply fits a 1U�2U pro-
file, allowing vertical or 
horizontal orientation in 
a standard telecom chas-
sis. It costs $175 (OEM 
quantities).

—by Margery Conner
�XP Power, www.
xppower.com. 

AC/DC SUPPLY 
ACHIEVES 
11.2W/IN.3

05
.2

4.
07

The PXIe-6537, which inter-
faces through a one-lane PCIe 
high-speed, bidirectional serial 
bus, accepts 32 channels of 
digital I/O with data rates as 
high as 50 MHz per channel.
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BUILT TO
LAST

The EBC-C3 embeds 9 different functions to 
provide a processor- and I/O-intensive solution.  
It operates over a -40° to +85°C temperature
range without the need of a fan, making it ideal
for embedded applications such as robotics,
MIL/COTS, transportation, pipeline, and
machine control.

It runs Windows® CE, Windows® XP embedded,
Linux, and other operating systems as VxWorks
and QNX.  And its x86-PC software compatibility
assures a wide range of tools to aid in your appli-
cation’s program development and checkout. 

Fanless EBX 733MHz P3 
with COM, dual ENET,
USB and Video
•VIA 733MHz or 1GHz C3 CPU
•PC-compatible, supports Windows®

XP, CE, Linux and x86 RTOS
•Up to 512MB PC133 SDRAM
•Up 1GB bootable DOC®, 512KB 

SRAM, or 1MB EPROM
•Type I and II CompactFlash cards 

supported up to 8GB
•CRT, flat panel, and LVDS 
•Two 10/100 Ethernet controllers
•Four USB ports
•Four serial COM ports
•LPT, Kybd, and mouse
•48 bi-directional I/O lines 
•Two EIDE and one floppy disk 

controller
•AC97 Audio supported
•PC/104 & PC/104-Plus expansion
•+5 volt only operation
•EBX size:  5.75" x 8.0"  

(146 mm x 203 mm)
•-40° to +85°C operation (733MHz)
•Quick Start Developers Kits for 

Windows® XP, CE, and Linux
•Immediate availability Call 817-274-7553 or

Visit www.winsystems.com
Ask about our 30-day 
product evaluation!
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EDA start-up Calypto Inc 
has broadened its prod-
uct portfolio beyond 

system-to-RTL (register-trans-
fer-level) functional-verifica-
tion tools with the introduction 
of an automated clock-gating 
tool for low-power-IC design. 
The Power Pro CG (clock-gat-
ing) tool complements the 
company’s SLEC (sequential-
logic-equivalence checker) 
CG, RTL, and other functional-
analysis tools. PowerPro CG 
aims to help design engineers 
create low-power designs. The 
company claims that, using the 
tool, beta customers that were 
previously performing manual 
clock gating on their designs 
further reduced dynamic-pow-
er consumption by as much as 
60%.

Tom Sandoval, chief execu-
tive officer of Calypto, says 
that one of the most popular 
ways that engineering teams 

reduce power consumption in 
IC designs is to gate clocks, 
but designers traditionally do 
most of the gating late in the 
design process at the gate 
level during layout; as a result, 
they must manually perform 
this task. With PowerPro CG, 
Calypto hopes to change that 
situation. The analysis-driven 
PowerPro CG allows designers 
to reduce dynamic power with-
out impacting leakage power, 
area, or timing, according to 
Sandoval.

Designers will use the 
Power Pro CG with logic syn-
thesis. They run the RTL ver-
sions of their designs in syn-
thesizable Verilog or VHDL 
through synthesis to get a 
power fi gure. They then feed 
the raw RTL, an SDC (Synop-
sys Design Constraint) timing 
fi le, an SAIF (Switching Activ-
ity Interchange Format) fi le, 
and a Liberty Synopsys cell-li-

brary fi le to the PowerPro CG. 
The tool analyzes the RTL for 
clocks that designers can gate 
for further power savings. Us-
ers can select which clocks 
they want the tool to gate and 
select critical paths they don’t 
want the tool to gate. The tool 
then analyzes the RTL and 
generates power-optimized 
RTL for the selected clocks. 
Users can then run SLEC CG 

to ensure that the power-op-
timized version of the RTL is 
functionally the same as the 
original RTL. Users can also 
then run the power-optimized 
RTL through logic synthesis.

The tool performs power 
optimization with no impact 
on timing, and, in most cases, 
the optimization reduces the 
overall die area the design re-
quires. The tool takes advan-
tage of the company’s SLEC 
sequential-analysis engine, 
fi nding opportunities to reduce 
power that manual inspection 
misses. “If engineers spend 
enough time inspecting RTL 
and analyzing how it works 
sequentially, they can come up 
with these same transforms,” 
says Sandoval. “But that task 
would be very difficult.” He 
notes that, for effi cient clock 
gating, a tool or an engineer 
must consider which logic to 
gate and for how long and 
then must consider the trade-
off of gating versus area or 
performance.

“PowerPro optimization typi-
cally fi nds hidden opportunities 
for gating and opportunities 
to gate more obvious clocks 
for a longer period of time,” 
says Sandoval. PowerPro CG 
runs under Linux and sells for 
$295,000 for an annual sub-
scription.

—by Michael Santarini
�Calypto, www.calypto.com.
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Calypto fields RTL-clock-gating tool
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PowerPro CG finds more clock-gating opportunities and gates logic for longer times. In original 
designs, customers achieved efficiencies of 62.6 and 39.1% without PowerPro CG (a). Using the 
tool, the same customers achieved, respectively, 72.8 and 61.8% efficiency (b).

“Engineers not only trade value for money, 
but also provide an opportunity for others 
to participate. As an engineer in an up-
start, I have come to realize that there are 
dozens of people employed because 
I offered that trade, and there are hun-
dreds of others that purchase my product 
and, through that, many more people are 
afforded a livelihood.”
—Kevin Kilzer, in EDN’s Feedback Loop at www.edn.com/
article/CA6409623.

FEEDBACK LOOP
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At last month’s Embed-
ded Systems Confer-
ence in San Jose, CA, 

Atmel announced the AVR32 
UC3 core and the UC3 Series 
A microcontrollers. Atmel is 
aiming the devices at design-
ers considering ARM’s (www.
arm.com) ARM7, ARM9, and 
Cortex-M3 processors. Atmel 
claims that the UC3 Series 
A microcontrollers deliver 80 
Dhrystone MIPS and consume 
only 40 mA at 66 MHz when 
operating from a 3.3V power 
supply.

The AVR32 UC3 integrates 
SRAM in a three-stage-pipe-
line, dual-bank architecture 
to bypass the system bus to 
achieve faster execution, cycle 
determinism, and lower power 
consumption. An HSB (high-
speed-bus)-slave-interface ac-
cess allows DMA controllers or 
other HSB masters to write to 
or read data directly from the 
closely coupled SRAM. The 
unit performs arbitration if the 
CPU and a high-speed slave 
simultaneously request access, 
and the priority scheme is pro-
grammable to suit application 
needs. No data hazards exist in 
the UC3 core pipeline, so the 
device can update register fi les 
during the same clock cycle as 
instruction execution.

The core is the second that 
Atmel derived from the AVR32 
AP architecture. The 32-bit 
RISC core has instruction ex-
tensions that add DSP instruc-
tions to the instruction set of 
the original core. The DSP in-
structions include single-cycle 
MAC (multiply-accumulate) 
operations covering standard 
and fractional numbers with 
and without saturation and 
rounding and with 32- to 64-
bit results. Additional DSP in-

structions include data-for-
matting instructions, such as 
data shift with saturation and 
rounding.

The ISA (instruction-set ar-
chitecture) permits freely inter-
mixing 16- and 32-bit instruc-
tions. The core shares the ISA 
as its AVR32 AP parent, with 
more than 220 instructions 
available as 16-bit compact 
and 32-bit extended instruc-
tions. Load/store instructions 
support byte (8-bit), half-word 
(16-bit), word (32-bit), and 
double-word (64-bit) data 

types. The AVR32 ISA has in-
structions to modify data from 
the register fi le before storing 
it in memory and from memory 
before storing it in the register 
fi le. On-the-fl y data manipula-
tions include load-and-insert 
bit fi elds, load and swap, and 
store and swap. The UC3 ISA 
includes atomic instructions 
to manipulate mutexes and 
semaphores and for general 
bit manipulation. 

The core includes power-
management functions; a 
memory-protection unit; and 
a six-level priority-interrupt 
controller, including NMI (non-
maskable interrupt) with fast 
event handling. The core’s 
event-handling system sup-
port NMI; exceptions, such 
as illegal operating codes and 
bus errors; and four interrupt-
priority levels. The fi rst instruc-

tion from the event handler ex-
ecutes within 12 clock cycles 
from an autovectored-handler 
address. To limit the maximum 
interrupt latency to 16 clock 
cycles, pending interrupts can 
abort multicycle instructions. 

UC3 Series A microcon-
trollers include a peripheral 
DMA controller, a multilayer 
HSB architecture, a 10/100-
Gbps Ethernet media-access 
controller, an ADC, two mas-
ter/slave SPIs (serial-periph-
eral interfaces), one SSC (syn-
chronous serial controller), a 
TWI (two-wire interface), four 
USARTs with hardware fl ow-
control, and full-speed USB 
OTG (On-The-Go). The micro-
controllers are available with 
an EBI (external bus interface) 
that extends the addressable 
physical memory to 16 Mbytes. 
Its nonmultiplexed, 16-bit data 
bus can interface to high-den-
sity external SRAM; SDRAM; 
ROM; fl ash devices; and mem-
ory-mapped devices, such as 
LCDs and FPGAs. The devic-
es include three 16-bit timers 
and seven PWMs (pulse-width 
modulators) that can trigger 
the 10-bit, eight-channel ADC 
to ease electrical-motor-con-
trol design. 

The on-chip system man-
ager includes an internal volt-
age regulator for 3.3V sin-
gle-power-supply operation, 
power-on reset, a brownout 
detector, a hardware watch-
dog timer, and a real-time tim-
er. The clock system provides 
an on-chip RC oscillator; two 
high-frequency external oscil-
lators; one 32-kHz oscillator; 
and two independent, on-chip 
PLLs. Special security op-
tions are available to protect 
the fl ash contents. The de-
vice consumes 40 �A in sleep 

mode and 600 �A/MHz in ac-
tive mode. You can switch off 
any section of the UC3 Series 
A device that is not in use by 
disabling its clock. The core 
uses a multithreshold-tran-
sistor library to reduce static-
power consumption. 

Atmel provides free soft-
ware, including the GNU gcc C 
compiler, GNU gdb debugger, 
FreeRTOS.org real-time ker-
nel, and lwIP TCP/IP (Trans-
mission Control Protocol/In-
ternet Protocol) stack for the 
family. Atmel’s AVR32 Studio 
and AVR JTAGICE mkII, along 
with the company’s 8-bit AVR 
microcontrollers, provide the 
AVR32 UC3 with a multiplat-
form IDE for the GNU tool 
chain, including support for 
more advanced debugging 
sessions with data and code 
trace using the AVR32’s Nano 
Trace. The AVR32 UC3 has 
a Nexus Class 2� interface 
through the auxiliary port, pro-
viding access to more powerful 
debugging features, including 
nonintrusive data and program 
trace. The EVK (evaluation kit) 
1100 is available to support 
the devices. It includes Eth-
ernet and USB interfaces, as 
well as SPI, TWI, and USART 
serial-communications ports. 
A 20�4-character LCD and 
the expansion connector allow 
advanced product evaluation 
and prototyping activities.

The two fi rst devices of the 
UC3 Series A are available 
for sampling now and will be 
available in volume produc-
tion in the fourth quarter of 
2007. The AT32UC3A0512, 
with an EBI and 512 kbytes of 
fl ash, is available in a QFP144 
for $8.16 (10,000). The AT-
32UC3A1512, without an 
EBI and 512 kbytes of fl ash, 
is available in a QFP100 for 
$7.43 (10,000).

—by Robert Cravotta
�Atmel, www.atmel.com.
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Atmel’s AVR32 UC3 processor 
boasts low power

The micro-
controllers 

deliver 80 
Dhrystone MIPS 
and consume 
only 40 mA at 
66 MHz.
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Bidirectional current monitors that make sense.
In measurement and control, analog is everywhere.

Precision over temperature—guaranteed
With our new AD8210 bidirectional current sense amplifier, you get the
industry’s most integrated, flexible, and accurate current sense monitor.
With features like �8 �V/°C maximum offset drift and 20 ppm/°C 
maximum gain drift guaranteed across the entire –40°C to +125°C 
temperature range, it represents a milestone in precision current sense
monitoring. The AD8210 improves your ability to meet your error budget
and to control more precisely a wide range of loads in communications,
industrial, and medical applications. Two other bidirectional monitors—the
AD8205 (gain of 50 V/V) and the AD8206 (gain of 20 V/V)—offer 50 kHz
operation and excellent performance over temperature.

All three amplifiers feature an innovative ratiometric output offset 
architecture that inherently improves the accuracy of your ADC and your
system. With a typical 5 V single-supply, each device can be configured 
for both bidirectional and unidirectional current sensing. Excellent output
accuracy is maintained throughout the input voltage range through the 
use of a proprietary thin film precision network.

For more information on ADI’s current sense amplifiers and monitors,
please visit www.analog.com/currentsense or call 1-800-AnalogD.

www.analog.com/currentsense
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AD8210
Bidirectional Current Sense Amplifier

• –2 V to +65 V operating common-mode voltage range
• –40°C to +125°C operating temperature range
• 120 dB typical CMRR at dc 
• 10 ppm/°C typical gain drift
• Gain of 20
• 500 kHz bandwidth
• Price: $1.79/1k
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A new carbon-fi ber-enhanced plastic material from NEC Re-
search has the potential to both more evenly spread heat in 
the enclosures on electronic devices, such as cell phones, 

and to help global warming. The material is made from more than 
90% biomass material; you can’t get much greener than that.

The material is formed using a specially developed binder—liter-
ally, a secret sauce—in a PLA (polylactic-acid) resin. The action of 
the binder causes carbon fi bers suspended in the resin to cross-
link, forming a web of heat-conducting fi bers. When formed into the 
case on an electronic device, such as a cell phone, this cross-linked 
web conducts heat laterally, away from hot spots on the package, 
as well as vertically, through the case, at rates in excess of the con-
ductivity of stainless steel. Thus, the package can cool itself without 

causing uncomfortable hot spots 
on the surface above heat-gener-
ating components.

The material’s green credentials 
are impeccable. NEC is making 
the PLA resin—a polymerized lac-
tic acid—by fermentation of kenaf—
a super-fast-growing, carbon-diox-
ide-voracious African/Asian plant 
related to cotton. NEC research-
ers have succeeded in getting the 
kenaf-derived PLA to have good 
molding properties, high heat re-
sistance, and compatibility with the 
company’s special binder.—RW 
�NEC, www.nec.co.jp/rd/rel/
english/topics/t38.html.

Researchers at the Georgia Institute of Technology 
have created a tiny device that produces a direct cur-
rent by harnessing the piezoelectric output of hun-
dreds of swaying zinc-oxide nanowires. Buffeted by 

ultrasonic waves or mechanical 
vibration, the device features 
a forest of vertically oriented 
nanowires, whose tips lie in the 
valleys of a peak-and-valley-
shaped electrode. As the wires 
flex, they periodically contact an 
electrode and transfer their elec-
trical charge. A prototype device 
produces current in the nanoam-
pere range, but the researchers 
claim the technology can scale 
to produce 4W/cm3.—MM
�Georgia Institute of Tech-
nology, www.gatech.edu.

28  EDN  |  MAY 24, 2007

pulse

Research at the Geor-
gia Institute of Tech-
nology Institute for 

Organic Photonics and Elec-
tronics has demonstrated a 
technique for using nano-
fabrication principles to em-
ploy a powerful, but hitherto 
intractable, dielectric material 
in thin-film capacitors and, 
potentially, transistors. The 
material, barium titanate, has 
long been known to have a 
high dielectric constant. But 
the substance tends to clump 
when suspended in a poly-
mer, creating large granules 
that exhibit very low break-
down voltage.

The Georgia Tech team, led 
by Professor Joseph Perry, 
tried nano-encapsulation to 
tame the clumping and create 
a uniform dispersion of the 
barium titanate in the polymer 
matrix. To achieve this goal, 
Perry’s team turned to a sec-

ond group, led by Professor 
Seth Marder, to synthesize a 
designer phosphonic-acid li-
gand that would both bond 
securely to the barium tita-
nate and form a capsule com-
patible with commonly used 
thin-fi lm polymers. The result-
ing capsules range from 30 to 
120 nm in diameter, as much 
as four times smaller than 
granules researchers have 
fabricated using conventional 
means. The smaller encap-
sulated particles also proved 
friendly to the host polymers, 
achieving uniform dispersion 
and hence yielding thin-fi lm 
capacitors with as much as 
twice the capacitance per 
unit area of previous attempts. 
Perry sees further application 
in gate dielectrics for thin-fi lm 
fi eld-effect transistors.—RW 
�Georgia Institute of 
Technology, www.gtresearch
news.gatech.edu.

NEC plastic cools the palm and the earth

Researcher Philseok Kim (left) and Professor Joseph Perry (right) 
display a capacitor array fabricated using a new nano-encapsu-
lated dielectric material.

BY RON WILSON AND MATTHEW MILLER
    RESEARCH UPDATE

ENERGY HARVESTER 
GENERATES CONTINUOUS 
NANOAMPERE CURRENT

05
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Nanocomposites promise advance 
in thin-film electronic components

A tiny device pro-
duces a direct current 
by harnessing the 
piezoelectric output of 
hundreds of swaying 
zinc-oxide nanowires.

The kenaf plant may be the 
future of plastic enclosures 
for handheld electronics.
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Many of the applications that we take for granted operate in real-world
environments with high levels of dynamic range. The most common of
these systems are radio and television receivers and their updated
cousins—the cell phone and the iPod. The signal range for these types
of household devices can vary from a few microvolts in remote areas
to volts when the device is near the signal source. Situations with wide
dynamic range are also found in scientific, industrial, and medical 
applications—such as the “front ends” of measurement equipment,
ultrasound imaging for biological 
diagnostics, and industrial fault analy-
sis. Designers have been faced with the
dual challenges of providing the highest
sensitivity amplifiers possible while at
the same time making them operable
under severe overload conditions.

In the early days of electronics,
solutions to these challenges were
sought by “tinkering” with the amplifi-
cation devices. In the case of vacuum
tubes, this involved adding control grids
within the tube structure to alter the
conductivity and thus, the gain of the
device. For transistors, electronic gain
control was limited to adjusting the dc base or emitter currents. While
these solutions were relatively successful, they typically compromised
linearity and distortion performance. A more viable solution had to 
wait until the advent of highly complex integrated circuits in the 
late 1980s, when Analog Devices invented and introduced the
AD600—the first solid-state variable gain amplifier (VGA) to operate in
a linear manner.

This amplifier was also called the X-amp or exponential amplifier. The
advantages of this device lie in its architecture—a passive electronic
gain control implemented with a resistive ladder network and followed
by a fixed-gain amplifier. There are six to eight “rungs” on the ladder,
connected to an “interpolator circuit” that sweeps across the ladder 
in response to an externally supplied control voltage. This concept 
has been the basis for many subsequent products that offer 
additional features and enhanced performance. However, the basic
gain-control architecture has not changed.

The AD8336 is one of several newer solutions in Analog Devices’ VGA
portfolio. This device offers an industry-leading balance of size,
performance, and circuit versatility while operating across wide power
supply voltage and dissipation ranges.

The versatile AD8336 variable gain amplifier features an uncommitted,
fully independent voltage feedback op-amp to which ac- or dc-coupled
signals of either polarity can be applied. The preamplifier output 

can be applied directly to the VGA
input—or interstage selectivity or
filtering can be inserted between
the preamplifier and VGA. The 
preamplifier can be connected as
a summing stage or differentially 
like any high frequency op 
amp—enabling fast, convenient
interconnection to virtually any 
signal source.

Just as the preamplifier is capable
of differential connections, so too
is the gain control input. The input
may be ground referenced or 
connected from a reference supply
appropriate to the gain control

source. This capability is particularly useful with cascading devices. For
higher voltage applications, the device may be operated from supplies
as high as �12 V or as low as �3 V for battery operation. To conserve
battery life, the power may be reduced by approximately 50% at the
expense of bandwidth.

Analog Devices offers an extensive portfolio of variable gain amplifiers
for applications such as ultrasound, radar, and wireless communica-
tions. For data sheets, free samples, and additional information, please
visit www.analog.com/LI-VGA or call 1-800-AnalogD.

Solving Dynamic Range Problems in Analog Systems

A series of engineering insights 
by Analog Devices.

Author Profile: James Staley is an applications engineer in the Integrated
Amplifier Products Group at Analog Devices.
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in each case until you reach the final 
loop, the twisted wire, at 190 nH.

I mention this simple experiment 
because I have all too often heard 
engineers say: “My via has an induc-

tance of 1 nH,” or “My bypass capaci-
tor has an inductance of 500 pH.” 
Those statements assume that you can 
ascribe discrete inductances to indi-
vidual portions of a signal path. 

That assumption is a good one 
when dealing with macroscopic com-
ponents. According to Kirchhoff’s 
laws for circuit analysis, the total in-
ductance of two inductors in series 
should equal the sum of their inde-
pendent inductances. 

The correctness of Kirchhoff’s analy-
sis hinges upon a crucial precondition, 
namely that no significant electromag-
netic fields inhabit the spaces between 
conductors. High-speed digital currents 
infuse the spaces between conductors 
with massive, fast-changing electro-
magnetic fields. These digital circuits 
do not meet Kirchhoff’s precondition; 
therefore, Kirchhoff’s laws are invalid 
in the high-speed domain.

In high-speed electronics, you must 
supplement Kirchhoff’s laws with 
parasitic capacitance, due to electric 
fields, and parasitic inductance, due to 
magnetic fields.

Figure 2 illustrates the pattern of 
magnetic fields surrounding two wires. 
The wires carry equal and opposite 
currents, much like the hairpin struc-
tures in Figure 1. Imagine current I1 

going out on one wire, changing di-
rection at a hairpin turn, and return-
ing as I2 on the other wire. 

If you observe from a remote dis-
tance, the magnetic fields that I1 gen-
erates nearly cancel the equal-but-op-
posite magnetic fields that I2 generates. 
The closer you bring the wires, the 
better the cancellation, and the small-
er the overall magnetic-field energy. 

Inductance L represents nothing 
more and nothing less than the total 
magnetic-field energy, E, surrounding 
a current-carrying circuit. The precise 
relation between inductance and field 
energy is: 

If the spacing between wires affects 
the stored magnetic energy, then the 
spacing affects the circuit inductance, 
as well. 

This interaction between magnetic 
fields explains why you cannot ascribe 
inductance to one part of a distribut-
ed circuit without also specifying the 
shape and location of the complete 
signal-current path. It might increase 
or decrease the inductance. All parts 
of the path influence the inductance.

For example, the inductance of a 
via depends on the location of nearby 
interplane connections. The induc-
tance of a bypass capacitor depends on 
its proximity to the reference planes. 

Inductance is not a property of an 
individual component. In distributed 
circuits, inductance is a property of 
the spaces between conductors.EDN

BY HOWARD JOHNSON, PhD

In-between spaces

,,
S I G N A L  I N T E G R I T Y

 I 
measured the inductance of four loops of wire. Each loop comprises 
the same length of insulated #10 AWG solid-copper wire (Figure 
1). During testing, I probe the wires at their endpoints (bottom of 
figure), holding the wires vertically above the tester and well away 
from all other metal objects. 

The leftmost loop, the round one, has a diameter of 10 in. It gives the 
largest inductance at 730 nH. Moving to the right, the inductance drops

MORE   AT EDN.COM

      Go to www.edn.com/070524hj and 
click on Feedback Loop to post a 
comment on this column.

+

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

I1

I2

Figure 1 Each loop of wire is the same 
length, yet they each have inductances, 
from left to right, of 730, 530, 330, and 
190 nH.

Figure 2 Magnetic fields from the out-
going current (red) nearly cancel the 
equal-but-opposite magnetic fields from 
the returning signal current.
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• Direct 48 V to load conversion

• High efficiency for energy savings 
upstream

• Small size, less parts

• Fast transient response

• Fast time to market

The new PRM+VTM system provides

the smallest, highest efficiency, highest

density complete DC-DC conversion for

high performance 48 V power applications

such as servers, telecom and ATE.

A PRM regulator +VTM current multiplier

chipset delivers up to 100 A or 300 W for

48 V direct-to-load density of >500 W/in3.

Call for design support.
800-735-6200
Order evaluation boards
now at: vicorpower.com/vichip.

32.5 x 22.0 x 6.6 mm
1.28 x 0.87 x 0.26 in

VTM Model Vout Vout Iout Efficiency

Number Nominal Range @50% Load
(V) (V) (A) (%)

V048F015T100 1.5 0.81 – 1.72 100 91.0
V048F020T080 2.0 1.08 – 2.29 80 94.2
V048F040T050 4.0 2.17 – 4.58 50 94.8
V048F120T025 12.0 6.50 – 13.75 25 95.1

PRM Model Vin Vin Output Efficiency

Number Nominal Range Power @Full Load
(V) (V) (W) (%)

P048F048T24AL 48 36 – 75 240 96
P045F048T32AL 48 38 – 55 320 97

Direct 48 V: 1.x V conversion in 91 A/in2 with 91% efficiency

800-735-6200 vicorpower.com/fpaedn

Products in mass production and available from stock.

For full range of products, visit vicorpower.com/vichip
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conferences in our field. For example, 
this year, the ISSCC (International 
Solid-State Circuits Conference) at-
tracted a nearly record-breaking at-
tendance of more than 3600. APEC 
(Applied Power Electronics Confer-
ence and Exposition) did break its at-
tendance record with nearly 2800 at-
tendees from 32 countries and more 
than 1000 organizations.

More important than the numbers, 
the conference experience is rich, par-
ticularly for those of us who are inter-
ested in analog and power technolo-
gies. Both conferences are IEEE af-
filiates and are duly famous for the 
quality of their paper presentations, 
which make up their schedules’ core. 
Strong educational programs, less-for-
mal panel discussions, and rap sessions 
complement the paper tracks and give 
attendees opportunities to learn from 
and interact with peers and leaders in 
technical innovation.

Though the conferences take dif-
ferent approaches to organizing and 
presenting their educational pro-
grams, educational sessions at both 
events were at or near capacity this 
year. I haven’t space to fully describe 
these offerings—see www.isscc.org/
isscc/ and www.apec-conf.org for more 

information and announcements of 
2008 events—but I’d like to point out 
one series from each.

ISSCC offered 10 two-hour tutori-
als scheduled so that attendees could 
choose as many as two. Attendees re-
ceived prints of the presentation slides 
for the sessions they attended and 
prices were à la carte. Of the 10 tuto-
rials, eight featured analog topics. The 
strong analog component does not in-
dicate that the ISSCC ignores digi-
tal technologies and design challeng-
es. On the contrary, some of the most 
vexing problems digital designers 
must face, particularly when designing 
for 90-nm and smaller process nodes, 
derive from the awful reality that digi-

tal, though a useful abstraction, is on-
ly that: Increasingly, analog effects de-
riving from fundamental physics limit 
the performance of digital topologies.

APEC’s professional-educational-
seminar program comprised 18 three-
and-a-half-hour sessions in three 
blocks. In contrast to the ISSCC’s à la 
carte approach, APEC offers its sem-
inars as a package. Attendees receive 
the printed slides for all 18 seminars—
nearly 2000 in all—and can attend 
any session they wish without declar-
ing their preference in advance. APEC 
charges nearly three times the ISSCC’s 
single-session price, which does make 
negotiating the expense with one’s or-
ganization a bit tougher. However, the 
ability to peruse the slides from all of 
the presentations allows attendees to 
better compare and assess the value of 
competing sessions.

Both conferences schedule evening 
panel discussions or rap sessions. These 
sessions usually start with position 
statements from each member of the 
panel but, with luck and audience par-
ticipation, rapidly devolve in formal-
ity and evolve in depth and breadth. 
Standouts this year included “Digital 
RF—Fundamentally a new technolo-
gy or just marketing hype?” at ISSCC, 
which Stanford University Professor 
Thomas Lee moderated, with panel-
ists from UCLA, Infineon, Intel, Tex-
as Instruments, Hitachi, and Silicon 
Labs, and “If it ain’t broke, why go dig-
ital?” at APEC, which Darnel Publish-
er and President Jeff Shepard moder-
ated, with panelists from Microchip, 
Primarion, Coldwatt, Maxim, and Ty-
co. Ironically, though the titles of both 
sessions suggest digital topics, discus-
sions largely centered on analog effects 
and realities. More surprising was that 
though power and RF are literally op-
posite ends of a spectrum, both sessions 
hit upon a few topics in common.EDN

Contributing Technical Editor Joshua 
Israelsohn writes about analog and 
power applications and technologies. 
Contact him at jisraelsohn@ieee.org.

BY JOSHUA ISRAELSOHN, CONTRIBUTING TECHNICAL EDITOR

Confer for continuing education

,,
A N A L O G  D O M A I N

 E
arly in this decade, popular wisdom had it that professional 
conferences in the electronics industry were going the way 
of the dodo bird. Internet Web sites, videoconferencing, 
and e-mail would put live events out of business.

So much for popular wisdom: Despite the high cost of 
jet fuel and the high impedance that governments pres-

ent to air travelers, attendance appears robust at the better professional 

[Rap sessions] 
usually start with 
position statements 
from each mem-
ber of the panel but 
... rapidly devolve 
in formality and 
evolve in depth and 
breadth.
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Same signal on an Agilent DSO5054A Tektronix TDS3054B display

100 times more memory than the Tektronix TDS3000B series
See what you’ve been missing?

© Agilent Technologies, Inc. 2007 
*Tektronix TDS3000B Series User Manual 071-0957-04, October 4, 2004.
**Agilent 5000 Series Oscilloscope data sheet, Pub No 5989-6385EN, April 18, 2007.
Agilent and Tektronix oscilloscope acquisitions taken at identical settings: horizontal timebase = 2ms/div, 
vertical volts/div = 500 mV/div, connect the dots = on. 10:1 passive probes used for both measurements. 
Final screen images show both acquisitions zoomed in to 10 µs/div.

u.s. 1-800-829-4444
canada 1-877-894-4414
www.agilent.com/fi nd/5000EDN 

Specifi cation  Tektronix TDS3000B Series* Agilent 5000 Series**

Bandwidth  100 MHz – 600 MHz  100 MHz – 500 MHz

Sample Rate  100 MHz: 1.25 Gsa/s  100 MHz: 2 Gsa/s 
 200 MHz/300 MHz: 2.5 Gsa/s 300 MHz: 2 Gsa/s
 400 MHz/500 MHz: 5 Gsa/s  500 MHz: 4 Gsa/s

Memory Depth  10 kpts, max  1 Mpts, max

Channels 2, 4 2, 4

Waveform Update Rate 3,600 wfms/s, max  100,000 wfms/s, max

Connectivity Centronics, LAN (GPIB, VGA-out optional) USB, LAN, GPIB, XGA-out (all standard)   
     
Display  VGA resolution,  XGA resolution,   
 <16 intensity levels 256 intensity levels

Give us 20 seconds and see it for yourself.

Agilent 5000 Series portable oscilloscopes 

Go to www.agilent.com/fi nd/5000EDN 
to take the interactive demo or 
schedule a live test drive at your bench.

AGE06040_EDNindd 1 4/17/07 3:28:41 PM
EDN070502_ADS.indd   33EDN070502_ADS.indd   33 5/7/2007   12:05:39 PM5/7/2007   12:05:39 PM



The only obvious thing was that the 
problem originated in the display pro-
cessor, a collection of about 100 wire-
wrap boards and PCBs (printed-circuit 
boards) plugged into a wire-wrap back-
panel. To make matters worse, this sys-
tem had 1024�1024-pixel resolution, 
which required four display processors 
load sharing in the scan-line-inter-
leaved fashion that some commercial 
graphics chips now use. Thus, the po-
tential offenders included about 400 
cards, probably 100 cables, and hun-
dreds of thousands of wire-wrap wires.

Management assigned me to find 
and fix the problem. We found that the 
picture from each individual processor 

was good on its own, but the combined 
image possessed the dreaded sparkles. 
The chief suspect became the fastest 
clock in the system, which had a blaz-
ing 25-nsec period. (Most clocks were 
100 nsec.) This clock, which was the 
basis of all the frame-buffer output and 
video timing, crossed wire-wrap back-
panels eight times, traversed wire-wrap 
cards 16 times, and traveled through 
three ribbon cables, with the system 
rebuffing it several times along the way. 
By the end, it looked awful.

I figured that a good approach might 
be to use ECL and differential signaling 
to control rise and fall times and reduce 
common-mode noise. Fortunately, we 

had a handful of parts available and a 
built-in �5.2V power supply. Unfor-
tunately, doing the conversion at this 
late date meant mass rework to get 
new power to some cards, placing new 
parts on many cards, and replacing lots 
of single wires with twisted-pair wires. 
Nevertheless, from my position in the 
hot seat, I had almost every company 
resource at my disposal.

Consequently, our team reworked 
and tested one processor. The clock 
looked clean, so we reworked the other 
three processors in the channel. In the 
combined system, to our distress, there 
were severe anomalies in the last pro-
cessor. We found that, although the 
clock was clean, its duty cycle was dis-
torted to the point that it was just a thin 
pulse. Going back to the data book, I 
learned that the rise time of ECL is typi-
cally 0.5 nsec slower than the fall time. 
Each of the buffers was eating away at 
that 12.5-nsec high time of the clock. 
Inverting the clock at strategic points 
restored balance to the duty cycle and 
vanquished the sparkles.

I explained the issues and the solu-
tion to management. Initially, there 
was some resistance due to the amount 
of rework involved. However, I soon 
had support up and down the chain of 
command. We completed the sign-off 
process, which normally took weeks, 
in hours. Subsequently, a small army 
of rework technicians attacked the re-
maining dozen or so processors. As each 
channel was completed, the techni-
cians would fire it up, verify that it was 
sparkle-free and still worked, and then 
wrap up the racks and take them to the 
loading dock. We started shipping the 
product on the day it was promised.

Aside from signal-integrity insights, 
the most valuable lesson I learned was 
organizational: Though the hot seat is 
uncomfortable, it bestows unique pow-
er to cut through red tape.EDN

Reed P Tidwell is a senior staff ap-
plications engineer for the Advanced 
Products Division of Xilinx. Like 
Reed, share your Tales from the Cube 
and receive $200. Contact Maury 
Wright at mgwright@edn.com.
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The power of the hot seat
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 I
n the mid-1980s, I was designing visual systems for flight 
simulators for computer-graphics company Evans & Suther-
land. These systems were huge—dozens of 19-in. racks full 
of cards working together to produce the out-the-window 
cockpit scene. The primary technologies were wire-wrap and 
74LS logic. One of these big, multimillion-dollar systems was 

ready to ship to NASA, but, two days before the ship date, final 
testing turned up “sparkles” in several visual channels.

edn070502tales_id   34edn070502tales_id   34 5/9/2007   11:10:48 AM5/9/2007   11:10:48 AM



VCC

VD

VS

VGATE

Vin +
Vout +

Vout -Vin

Q1

LOAD

-

OVT

MOT

EN

GND

THE POWER MANAGEMENT LEADER

DITCH YOUR HEATSINK
New SmartRectifier™ Chipset Reduces Part Count by 75% and Boosts System Efficiency by 1%

IR’s new SmartRectifier™ chipset for AC-DC
power converters dramatically simplifies
design and  improves  e f f i c iency  in
secondary synchronous rectification (SR)
flyback and resonant half-bridge circuits,
enabling a “no heatsink required” design.  

Features

• Can increase system efficiency by 
more than 1% 

• Reduces part count by up to 75%

• Works independently from
primary-side control

• No current transformer required

• Industry-leading high voltage
IC technology

myPower™ and SmartRectifier™ are trademarks of International Rectifier Corporation. 

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

Part Number Package VCC VFET Sw. Freq. Gate Drive VGATE Sleep Current
(V) (V) Max. (kHz) Clamp (V) Max. (µA)

IR1167A/SPbF DIP-8/SO-8 20 <=200 500 +2A/-7A 10.7 200

IR1167B/SPbF DIP-8/SO-8 20 <=200 500 +2A/-7A 14.5 200

IR1166/SPbF DIP-8/SO-8 20 <=200 500 +1A/-3.5A 10.7 200

Part Number VDSS RDS(on) max @ 10V QG(typ/max) Package(V) (mΩ) (nC)

IRFB3206PbF 60 3.0 120/170 TO-220

IRFB3207PbF 75 4.1 120/170 TO-220

IRF7853PbF 100 18 28/39 SO-8

Design Tools
A data sheet, application notes, technical papers and online design software are now available
on IR’s myPower™  site (http://www.irf.com/design-center/mypower/). 

MOSFETS

ICs

Specifications

Powerful 7A gate
drives standard and
logic level MOSFETS

Micro power consumption
for 1W standby

Programmable
turn off
threshold

Direct connection up 
to 200V MOSFETS

Voltage level
detection

Low QG

Benchmark  RDS(on)

Robust 20V VCC
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For The Premium Application
that took years to develop and must be instantly read under

all lighting, temperature, and viewing angle conditions:

256 x 128 format 
now available in 
three sizes

�Multiple Built-in Windows
�Many International Fonts 
�Font Magnification
�Large Memory
�High Density Pixels

�Multiple Interfaces
�Highest Brightness
�Extended Temperature Range
�Widest Viewing Angles
�Choose From 11 Models

www.noritake-elec.com/12
Over 300 standard VFD modules available
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This situation has opened the door to 
a genuine camera on a die, with light en-
tering and JPEG files exiting. But that 
scenario is just one of the alternatives. 
Examining the partitioning decisions 
camera designers are making today re-
veals a wealth of detail about how these 
systems work. It also offers a case study in 
system partitioning that applies to many 

other highly integrated systems. And it 
gives a peek into an emerging technol-
ogy that could change almost everything 
about the way miniature cameras func-
tion.

THE IMAGING CHAIN
Figure 1 depicts the first chapter in 

this story: the image-processing pipeline 

as most camera designers understand it. 
The first item of interest in the pipeline 
isn’t electronic at all. It is the objective 
lens. Today’s lenses for handsets and 
small DSCs are children of computer-
aided optical design and the crushing 
demand for compactness in shirt-pock-
et handsets. The need to make the lens 
as short, light, and inexpensive as possi-
ble has led to designs radically different 
from those that cameras used a decade 
ago. It has also led to the use of severely 
compromised lenses that require inten-
sive digital image processing to correct 
their deficiencies. As you’ll see later, 
this development has been the seed for 
an important innovation.

The function of the lens is to focus an 
image onto the surface of the sensor. Less 
obviously, that function also includes 
varying the point of focus to adjust for 
subject distance; varying the amount of 
light reaching the sensor; and, in a zoom 
lens, varying the effective focal length 
of the lens to create a wider or narrower 
field of view. Today, camera manufac-
turers perform all of these functions by 
electromechanical means, which algo-
rithms farther down the pipeline gener-
ally control.

Another cluster of optical devices lies 
between the objective lens and the sen-
sor. In many designs, a microlens covers 

 T
he triumph of CMOS-image-sensor technology 
over CCD (charge-coupled-device) sensors has 
opened a world of new options to camera de-
signers, especially in the midrange-DSC (digital-
still-camera) and cell-phone-handset markets. 
CCD-process technology sufficiently differs from 
CMOS-logic processes so that the only feasible 
configuration for a CCD-based imaging system is 
a stand-alone sensor chip that connects to sepa-

rate digital-image-processing hardware. With CMOS sensors, how-
ever, the image-sensor array may be on the same die with as much 
mixed-signal and digital content as the designer cares to pay for.

MAY 24, 2007  |  EDN  37

Compact imaging systems face 

partitioning issues

BY RON WILSON • EXECUTIVE EDITOR

OPTICAL
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Figure 1 There are many ways to partition the functions in a digital imaging system, but 
the stages in the pipeline remain similar and maintain the same order.

CMOS IMAGERS ENABLE MANY 
CHOICES, FROM CAMERAS ON 
CHIPS TO DISTRIBUTED-PROCESSING 
ARCHITECTURES, BUT THE WILD CARD 
MAY BE AUTOFOCUS TECHNOLOGY.
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each pixel in the sensor array; this lens 
gathers a large portion of the light strik-
ing the pixel and directs it onto the PIN 
diode. Beneath this lens, every color-im-
aging array except one has a set of color 
filters, usually in triplets of red, green, 
and blue. This setup allows the sensor 
to distinguish colors, but it also divides 
the raw resolution by a factor of approxi-
mately three. And it reduces the amount 
of light actually reaching the sensor.

The next item in the list is the sen-
sor itself: a rectangular array of pixels. 
Each pixel contains a photosensitive di-
ode that allows charge to flow onto a ca-
pacitive node roughly in proportion to 
the amount of light striking the diode. 
Three or four transistors generally reset 
the cell, allow sampling of the capaci-
tor voltage on the sense line, and reduce 
leakage. As in a DRAM array, the tran-
sistors route the small voltage on the ca-
pacitive node onto a bit line and thence 
to a sense amp. But, unlike in a DRAM, 
this voltage has analog meaning, so the 
fidelity with which the amplifier senses 
it directly contributes to image quality.

The next block in the figure is the 
correction and conversion circuitry. 
Much of the noise on the sense lines is 
predictable based on the location of the 
pixel and the timing of the circuit. Great 
effort goes into backing this noise out of 
the signal. An amplifier and a data con-
verter complete this stage, rendering the 
light striking the pixel during the shut-
ter interval into a digital quantity.

This string of digital data goes to the 
next block—frequently, a separate ISP 
(image-signal-processor) hardware mod-
ule—for pixel-level processing. Here, 
algorithms can improve the image on a 
pixel-by-pixel basis by performing such 
tasks as color correction—to compen-

sate for the “off” color of artificial illu-
mination, for instance—and to correct 
overexposure or underexposure prob-
lems. The output of this block is a raw 
stream of pixels with simple manipula-
tions to make the image look accurate.

From there, the image goes to what 
you might term image-level processing, 
during which the image undergoes more 
complex manipulations that require 
working on larger amounts of data. For 
instance, algorithms might identify and 
remove “red eye,” or they might correct 
for the vignetting and barrel distortion 
from a cheap lens.

More dynamic actions can go on here, 
as well. Algorithms can at this point an-
alyze the image to provide commands 
to the autofocus motor. In DSCs, other 
algorithms may perform pattern recog-
nition to classify the image—portrait, 
scenic, or close-up, for instance—and 
to extract features for further image en-
hancement.

PARTITIONING DECISIONS
It is rare for each block in the pipe-

line to reside on a separate chip, al-
though this case may be true in high-

end DSCs. The range of partitioning 
choices stretches all the way from such 
multichip systems to a single chip con-
taining all the blocks in the pipeline. 
A number of factors intertwine to help 
architects find their place within this 
domain. These factors include physi-
cal limitations, boundaries of IP (intel-
lectual-property) ownership or design-
team competence, and the influence of 
underused—or overstretched—resourc-
es elsewhere in the camera. Interacting 
with these broad influences are imple-
mentation decisions, such as algorithm 
choices, process-technology decisions, 
and company politics.

The most clearly defined parameters 
of the partitioning decision are physical 
limitations. Some of these involve pack-
aging. A wall-mounted security camera 
plugged into a 240V outlet may have few 
or no packaging restrictions. A clam-
shell handset in which the entire camera 
is supposed to reside in the flip-up cover 
lives at the other extreme. “The phone 
market is all about the X, Y, and Z di-
mensions,” says John Gerard, vice presi-
dent of marketing at MagnaChip. “Not 
only is there no room for several chips, 
there is often not enough vertical clear-
ance for a stacked multidie package.” 
Such restrictions bias the design toward 
a single chip, such as those that Mag-
naChip currently offers (Figure 2).

Algorithms also play a key role in sin-
gle-die approaches, because of SRAM. 
“Sensor-oriented CMOS processes don’t 
always support the best SRAM,” ob-
serves Daniel van Blerkom, chief tech-
nology officer at Forza Silicon. “That 
limits the amount of SRAM you can 
have on an affordable die, and that, in 
turn, limits the amount of image-pro-
cessing work you can do on the die. I 

AT A  G LAN CE
CMOS-imager technology 

makes possible many partitioning 
options, from multichip boards to 
camera-on-chip designs.

Process technology, physical lim-
itations, culture, and politics all play 
roles in these partitioning choices.

A new technology, EDOF 
(extended depth of focus), could 
change not only digital cameras, but 
also the way designers make parti-
tioning decisions.
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Figure 2 The MagnaChip 531 Ex integrates a 3.2M-pixel sensor array with a full image-processing subsystem on a single die.
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have yet to see an imaging chip with an 
on-chip frame buffer.”

Gerard agrees: “If you have algorithms 
that require a full frame of data, you 
need a multichip solution,” he says.

The question of algorithm design 
closely links to memory and process-
ing requirements. Clever designers have 
found that, using just a few lines of da-
ta, they can do many techniques on the 
fly that photo kiosks might apply to a 
full image. “A high-end DSC may have 
several frame buffers for different func-
tions,” says Sandor Barna, director of 
strategy and planning at Micron Tech-
nology’s imaging operation. “But with-
out that kind of memory space, you have 
to use algorithms that make decisions 
based on statistics you’ve collected over 
a few previous frames.”

Barna says that such algorithms can 
be ingenious. “For instance, with a frame 
buffer you can do quite sophisticated 
correction for camera shake. Without it, 
you can still monitor the data stream for 

motion and capture the image at an in-
stant when the motion is least. Or, you 
can just recognize that camera shake is 
going to be an issue and increase the 
shutter speed.” Similarly, whereas a 
DSC might gather data from a full frame 
to establish exposure and white balance, 
a handset camera module might approx-
imate this data by accumulating average 
luminance and chrominance values on 
the fly as pixels flow through the chip in 
preview mode.

Another physical limitation—over 
which there is much more debate—is 

the matter of optimization for the sensor 
elements. This issue tends to be almost 
religious and deeply embedded in the 
origin of a company. Micron Technol-
ogy, for instance, with roots in DRAM 
design, argues in favor of an inherently 
low-leakage process. “The industry is 
gradually converging on a process that 
combines low leakage—to preserve the 
charge on the pixel until you can read 
it out—with good logic density,” says 
Barna. “It has been a great help to us to 
have started out from a DRAM back-
ground, because leakage is directly relat-
ed to wafer contamination—something 
DRAM people have had to deal with 
much more carefully than have logic-
process people.”

Companies such as Toshiba, coming 
from primarily a logic business, see just 
the opposite. “Leakage from the photo-
diodes is not an ideal problem to have. 
Everyone has to address it,” says Andrew 
Burt, vice president in Toshiba’s imaging-
marketing group. “We take the approach 
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A BRIEF EXPLANATION OF EDOF
The technology behind 
EDOF (extended depth of 
focus) is not intuitively ob-
vious to most engineers 
unless they have been in-
volved in physical optics. 
So, perhaps some expla-
nation is in order. This 
one follows a discussion 
with Arie Shapira, direc-
tor of sales engineering at 
EDOF start-up Dblur Tech-
nologies Ltd.

In a conventional optical 
system, the lens focuses 
the light wavefront arriv-
ing from each point in the 
scene onto a single corre-
sponding point in the im-
age—in the case of digital 
cameras, on the surface 
of the image-sensor array. 
If the light from a point in 
the scene is smeared over 
a diffuse area instead of 
contained within a point, 
the lens is out of focus, 
and the image is blurred. 
This blur is not random. 

The lens transforms a 
point source into a blur 
through a mathematical 
transform called a point-
spread function, Shapira 
explains. You can think of 
it as the 2-D impulse re-
sponse of the lens.

As a transform, the blur 
can be reversible. Under 
some conditions, digital-
signal processing can re-
construct a sharp image 
from the superposition 
of all the blurred images 
from all the points in the 
scene. It is a small matter 
of an inverse 2-D trans-
form, which you can imple-
ment with a 2-D convolu-
tion. This method works if 
the sensor is fairly linear 
and the point-spread func-
tion is well-behaved. Any-
one who has used Photo-
shop’s unsharp mask to fi x 
up their digital-camera im-
ages is aware of the idea.

Now for the fun part: 

You can design a lens that 
is intentionally out of fo-
cus, so that it creates a 
blurred image from a point 
source all the time and—
this part is cricital—so that 
the point-spread function 
is nearly independent of 
how far the point source 
is from the lens. So, if the 
points in the scene are on 
the surface of a business 
card 10 cm away or if the 
points are on the side of a 
building 100m away, you 
get the same kind of pat-
tern in the image.

When the reconstruc-
tion algorithm transforms 
those individual blurs 
back into nice, sharp 
points, the inverse trans-
form is still independent 
of the distance between 
subject and lens. The busi-
ness card close to the 
lens is in focus, and so 
is the building. You have 
extended the depth of fo-

cus far beyond that of a 
conventional lens. You 
can use the technology 
in other ways, as well: to 
control known aberrations 
in the lens, for instance, 
or to increase the optical 
system’s tolerance for me-
chanical inaccuracies.

Key to this technology is 
that you must design the 
lens and the reconstruc-
tion algorithm together 
Shapira emphasizes, so 
that the lens performs the 
same spatial transform 
that the image processor 
inverts. So, the lens and 
the software must match. 
Necessarily, losses oc-
cur in the process, so it is 
just as important that the 
lens and sensor be able 
to deliver image quality in 
excess of what the user 
expects. In this way, the 
resulting image, after re-
construction, will meet the 
user’s needs.

THE QUESTION OF 
ALGORITHM DESIGN 
CLOSELY LINKS 
TO MEMORY AND 
PROCESSING 
REQUIREMENTS.
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of starting out with a digital-CMOS pro-
cess, which gives us enormous efficien-
cies of scale, and doing intensive pixel 
design work to get the performance of 
the array to where we want it.”

Another issue with its roots in pro-
cess technology is the ability to manage 
noise. “Noise becomes a nightmare for 
designers as the pixel pitch gets down to 
1.5 microns, says van Blerkom. “As the 
pixels get physically smaller, the analog 
designer works much harder.” Design-
ers use multiple-well isolation, physical 
guard rings, and luck to try to keep digi-
tal noise out of pixels that give up more 
and more margin in the name of larger 
pixel counts. Designers complain of a 
lack of sufficiently accurate substrate 
models for charge injection from the 
digital circuitry and that the entire im-
aging array is often poorly modeled. So, 
conservatism and test chips provide the 
best insurance.

IP BOUNDARIES
Technology aside, the source and na-

ture of the IP in a block may set parti-
tioning decisions. This influence is most 
clear in some handset OEMs that want 
nothing to do with the design of the 
camera module. “Some OEMs just want 
to feed in power and clock and get back 
files,” says Michael de Luca, marketing 
manager at Kodak. “But some of that 
may just be immaturity in the market. In 
principle, there is probably a best parti-
tioning for a given set of end-user needs, 
and it requires some involvement by the 
phone manufacturer.”

Still, there are some natural IP group-
ings. For instance, virtually everyone 
acknowledges that sensor manufactur-
ers should perform corrective processing 
and data conversion to generate digital 
raw-pixel data because they know the 
peculiarities of their sensors. After that 
stage, things become complicated, how-
ever.

Some handset manufacturers may 
want to get involved in pixel-level pro-
cessing. But de Luca warns that there is 
more experience than might be appar-
ent involved in such seemingly simple 
issues as white balance. “There are lots 
of algorithms out there that will do a 
good job in a studio setting if you aim 
a lamp right at a subject,” de Luca says. 
“But how realistic a use scenario is that? 
It takes a lot more sophistication to deal 

with a real-world scene that has a large 
dynamic range and several types of il-
lumination. There’s a lot of IP that be-
longs to companies in the photographic 
business.”

The ownership of such IP may help 
determine partitioning by default. If an 
OEM selects one vendor’s sensor and 
wants to use another vendor’s image-
processing algorithms, the result may of 
necessity be a multidie module.

LEGACY ISSUES
Another important influence on par-

titioning decisions is the legacy of the 
design team. “In the end, there are many 
algorithms available for each function,” 
observes Toshiba’s Burt. “Sometimes, 
companies just get wedded to one par-
ticular approach; they show almost a re-
ligious reluctance to change.”

Such conservatism may come from 
simple inertia, or it may come from 
more political issues. If an OEM has 
chosen a powerful—and costly—appli-
cation processor, for example, it may be-
come an unspoken design requirement 
to find tasks that justify the processor’s 
existence. This requirement may lead to 
skewed pipelines. In the Apple iPhone, 
for example, Apple reportedly demand-
ed that there be no ISP. Instead, raw 
pixels pass directly to the graphics or ap-
plication processor for pixel-level opera-
tions. This choice can save on hardware, 
but the loss of a dedicated signal proces-
sor in the pipeline can mean additional 
delays after the user presses the shutter 
button, as the general-purpose applica-
tion processor scrambles to collect the 
statistics necessary to capture a full-reso-
lution image.

A SEA CHANGE
Today, integration, IP selection, and 

culture help determine pipeline parti-
tioning. But a new concept in camera-
module design could alter many of the 
principles this article discusses. This 
concept—EDOF (extended depth of fo-
cus)—requires optimization across the 
entire camera module. The principle is 
less than obvious to designers unfamil-
iar with physical optics (see sidebar “A 
brief explanation of EDOF”). In short 
and contrary to all your experience with 
cameras or eyes, EDOF allows virtually 
everything in front of the camera lens to 
be in focus at the same time. A demon-
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stration photo from Tessera—the pack-
aging company that recently purchased 
EDOF start-up Eyesquad and has incor-
porated EDOF into its product offer-
ings—shows a man holding a business 
card up to the camera. The business 
card, the man, and the distant back-
ground are all in focus.

With conventional optics, this sce-
nario would have required an extremely 
small aperture—perhaps a pinhole. The 
image would suffer from lack of sharp-
ness and the usual problems of low-light 
photography, all due to the small aper-
ture. But with EDOF technology, you 
can create such images using a wide 
aperture. EDOF technology has the 
obvious advantage that it eliminates 
the need for electromechanical-focus-
ing arrangements and for autofocus al-
gorithms. It can also permit the use of 
larger apertures to keep those increas-
ingly small pixels well-fed with photons. 
And it can in some cases relax mechani-
cal tolerances. As theorists explore the 
algorithms, there may be other benefits, 
as well, such as software zoom that does 
not butcher image quality. Soft zoom 
is under investigation at Eyesquad, ac-
cording to Tessera Director of Technical 
Strategy Christopher Aubuchon.

But EDOF technology will have an-
other kind of impact. The concept re-
quires coordinated modifications to the 
physical lens, to the pixel-level process-
ing algorithms, and, in many cases, to 
the ISP hardware. Aubuchon explains 
that there are many approaches to 
EDOF implementation, trading off lens 
complexity for computational demands 
for image quality. It is possible to end up 
with a very demanding lens design, large 
computational requirements, or serious-
ly compromised image SNR (signal-to-
noise ratio). It is also possible to find a 
local optimum that matches the needs 
of a particular OEM.

“There is not much motivation for a 

high-end DSC or even high-end-hand-
set manufacturer to eliminate mechani-
cal focus,” admits Tessera’s vice presi-
dent of corporate development, John 
Keating. “But in the midrange—fea-
ture phones, for example—where im-
age quality is important but a very small 
module is equally important—there is 
fertile ground for this technology. In 
the long run, I think you will see EDOF 
penetrate some of the DSC market, as 
well.” Each of these markets may use a 
different lens design with a different im-
age-reconstruction algorithm.

There has been a trend in the cam-
era-module business for CMOS-imaging 
chips, optical assemblies, and algorithms 
to specialize so that sophisticated OEMs 
could mix and match, working with 
several partners to create an integrated 
module. But the value—and the impen-
etrability—of EDOF technology may 
reverse this trend, forcing OEMs to put 
their fate into the hands of an EDOF-
capable vendor that can work magic 
on the optical path, ISP, and software 
all at once. This scenario could give a 
few start-up companies, such as dBlur, 
and quick-to-act larger companies, such 
as Tessera, an outsized influence in the 
OEMs’ partitioning decisions, in effect 
giving these IP vendors system-integra-
tion authority. And that outcome would 
make the OEM not the final arbiter but 
merely another interested party in imag-
ing-system-partitioning decisions.EDN
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EVEN IF YOU ARE 
DESIGNING AN ASIC 
OR SOC THAT DOESN’T 
TARGET A LOW-POWER 
APPLICATION, YOU NEED 
TO BECOME FAMILIAR 
WITH LOW-POWER-DESIGN 
TECHNIQUES, BECAUSE 
THE NEWEST GENERATION 
OF SILICON-PROCESS 
TECHNOLOGIES INHER-
ENTLY LEAKS POWER.

BY MICHAEL SANTARINI • SENIOR EDITOR

 U
ntil recently, low-power-digi-
tal-IC design has been an area 
for specialist or guru IC design-
ers. However, most IC-design 
engineers will have to learn 
a variety of low-power-design 
techniques as ASICs and SOCs 
(systems on chips) increasing-
ly target processes of 130 nm 

and below. At 130-nm processes, foundries started 
to employ new techniques and materials, such as 
low-k dielectrics and copper, in silicon processes to 
increase design performance. However, smaller ge-
ometries, scaled thresholds, and unscaled voltages 
produced smaller, speedier ICs but produced a nasty 
side effect: leakage, or static power. By the 90-nm 
node, power management started to become a huge 
concern, and, at the 65-nm node, low-power-design 
techniques are a must. 

     TAKING 
A BITE 

POWER: 
TECHNIQUES FOR LOW-POWER-ASIC DESIGN

OUT OF 

POWER:
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“As we scale technology nodes, clear-
ly we have to lower VDD [supply voltage], 
because there is a quadratic relationship: 
The power dissipation is proportional 
to VDD

2,” says Mike Keating, a fellow at 
Synopsys. “If we just scaled the devices 
and did not scale VDD, we’d be doubling 
the power density every generation. We 
can’t do that, so we’ve been lowering 
VDD.”

When the semiconductor industry 
lowered supply voltage over the last few 
nodes, each reduction also lowered the 
transistor threshold voltage, which keeps 
drain-to-source current at a level that al-
lows ICs to charge their output capaci-
tors and thus increase the performance 
of ICs in those nodes. However, as the 
industry further decreased threshold 
voltage at each node, it forced the sub-
threshold leakage to also increase at each 
node. “As we’ve been shrinking process-
es, the gate-oxide thickness is so skinny 
now, gate leakage is increasing exponen-
tially,” says Keating. “Somewhere around 
65 and 45 nm, you end up with dynamic 
power equal to subthreshold current and 
equal to the gate-leakage current. We 
have a train wreck; only, in this case, we 

have three trains—dynamic power, sub-
threshold leakage, and gate leakage—
headed to exactly the same spot.” 

In the past, overall power density has 
essentially stayed the same for every pro-
cess reduction. But, in 2005, the ITRS 
(International Technology Roadmap 
for Semiconductors) released a study 
that indicated that at the 65-nm node, 
dynamic-power density and leakage 
power would increase by 1.43 and 2.5 
times, respectively. At the 45-nm node, 
the ITRS predicts, dynamic-power and 

leakage-power density will increase to 
two and 6.5 times, respectively. In re-
ality, designs in high-speed 65-nm pro-
cesses lose as much as half their power 
to leakage. Many in the industry believe 
that, by the 45-nm node, ICs will lose as 
much as 60% of their power to leakage 
(Figure 1). “Until recently, we’ve been 
dealing with power by simply making 
different trade-offs in silicon,” says Keat-
ing. “That option is sort of disappearing. 
Using these design techniques is no lon-
ger an option; it is a requirement.”

To deal with power management, the 
electronics community is employing 
new low-power techniques and mate-
rials on several fronts (Figure 2). Fabs 
have introduced multithreshold, multi-
voltage transistors; SOI (silicon-on-in-
sulator) and low-k materials; body, or 
“back, biasing; and copper-metal and 
SiGe (silicon-germanium) substrates. 
Meanwhile, chip architects and software 
designers deal with low power by per-
forming smart-hardware-versus-software 
trade-offs; by implementing power-sav-
vy operating systems, introducing more 
hibernation modes into system design; 
and by more selectively granting mem-
ory access. IC designers are also employ-
ing several techniques to lower the pow-
er of their designs. The most popular 
techniques for low-power design include 
multithreshold design, multivoltage de-
sign, clock gating, power-aware memo-
ries, and power gating.

Jerry Frenkil, chief technology offi-
cer, vice president, and general man-
ager of Sequence Design’s Silicon Busi-
ness Unit, notes that low-power design 
is all about reducing one or several parts 
of the power equation: Dynamic power 
plus leakage power equals the device’s 
overall power consumption. Dynamic 
power is the power a device consumes 
when a user is employing it for its in-
tended purpose, and leakage power is 
the power that leaking transistors waste 
(Figure 3). 

Custom and circuit designers over the 
years have employed several techniques 
to lower the power of their designs, ac-
cording to Kurt Keutzer, a professor at 
the University of California—Berkeley, 
who is a co-author and editor of Closing 
the Power Gap Between ASIC & Custom: 
Tools and Techniques for Low Power De-
sign (Reference 1), which is due out by 
the time the Design Automation Con-

AT A  G LAN CE
At the 45-nm node, leakage 

power consumes 60% of an IC’s 
total power.

Foundries now offer several 
libraries, each with multiple thresh-
old voltages to manage power.

The EDA industry has split in its 
support of two similar power stan-
dards: UPF (Unified Power Format) 
and CPF (Common Power Format).

Clock gating is one of the oldest 
tricks in the book, but power gat-
ing is quickly becoming the hottest 
technique for low-power design.
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EDA INDUSTRY QUIBBLES 
OVER POWER STANDARDS
The EDA industry is responding to 
the challenges that designers face 
with power consumption. However, 
overcoming the low-power hurdle 
in a timely manner will likely re-
quire EDA vendors to collaborate 
on a common power format. Un-
fortunately, on the power front, 
the industry splits into two camps: 
A few small EDA companies back 
Cadence’s CPF (Common Power 
Format), under the auspices of Si2 
(Silicon Integration Initiative, www.
si2.org), whereas Synopsys, Men-
tor, and Magma back Accellera’s 
(www.accellera.org) UPF (Unifi ed 
Power Format). Recently, it looked 
as if the two formats would merge 
under the IEEE, but politics in the 
industry have at least momentarily 
dashed the hope of that develop-
ment. Ironically, those who have 
had access to both formats say that 
UPF and CPF share roughly 85% 

of the same functions. However, 
the EDA companies are guarding 
their formats in the hope that they 
will become de facto standards 
and thus be able to capture market 
share in a new tool area.

For now, it looks as though us-
ers and EDA vendors will have to 
support two formats. The industry 
and the designers have done it be-
fore with Verilog and VHDL—both 
viable HDLs (hardware-description 
languages). However, working with 
and supporting two formats create 
confusion, mistakes, delays, and 
more work for designers and ven-
dors alike. One vendor notes that 
supporting two formats means that 
his company must allocate engi-
neers to ensure that its tools sup-
port both formats. That require-
ment gives engineers less time to 
create tools to address tomorrow’s 
challenges.
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ference takes place this 
June. However, he says, 
the power consumption 
of  today’s typical ASICs 
may be three to seven 
times that of custom 
ICs fabricated in process 
technology of the same 
generation. He and one 
of the book’s co-authors, 
David Chinnery, esti-
mate that, by employing 
low-power-design tech-
niques, users can im-
prove energy efficiency 
of their ASIC designs by 
a factor of two to three. 
“The main finding is that ASIC design-
ers are leaving a lot of power savings on 
the table,” says Keutzer.

But there’s no silver bullet in low-
power design. “There are a lot of tech-
niques … and different methods attack 
different portions of the power equation. 
They usually have some overhead of 
some sort,” says Frenkil, also a contrib-
utor to the book. “Some may have no 
overhead, others may affect you in area, 
and others may affect you in speed. One 
of the critical things about low-power 
design is understanding the impact of 
what you are facing and how you are go-
ing to deal with it.” Indeed, users will 
have to mix and match many of these 
techniques to come up with a low-power 
methodology that works for them.

MULTITHRESHOLD DESIGN
About five years ago, when excessive 

power consumption became a problem, 
foundries started to offer libraries for 
low-power and high-speed design. For 
example, TSMC (Taiwan Semiconduc-
tor Manufacturing Co, www.tsmc.com) 
offers a standard, or nominal, library; a 
high-speed library; and a low-power li-
brary, each having several types of cells. 
For instance, each of TSMC’s libraries 
includes low-threshold-voltage, high-
threshold-voltage, and threshold-volt-
age-with-MTCMOS (multithreshold-
CMOS) cells. Multiple-cell libraries 
help designers deal with both leakage 
and dynamic power. To deal with leak-
age power using multiple types of cells, 
designers today employ multithreshold 
design. “Because we’ve played so many 
games with VDD and VTH [threshold 

voltage], we can’t create one library that 
is going to work for an entire design, be-
cause you have designs that are speed-
critical, and, for the areas that are not 
speed-critical, you want to reduce the 
leakage,” says Keating. 

A multicell library typically com-
prises at least two sets of identical cells 
that have different threshold voltages. 
Those with higher threshold voltage are 
slower but have less leakage; converse-
ly, the cells with lower threshold volt-
age are faster but leak. “It is a nonlinear 
relationship,” says Keating. “Conceding 
a little bit of speed, you get a very dra-
matic reduction in leakage.” Frenkil says 
that a high-threshold-voltage cell typi-
cally has 50% less leakage than a low-
threshold-voltage cell with no bad side 
effects, such as area gain.

For most applications, designers typi-
cally use a low-threshold-voltage library 
for a first pass through synthesis to get 
maximum performance and meet timing 
goals. They then determine the criti-

cal paths in their design—that is, the 
path or paths in the design that require 
the highest performance. They then try 
to locate areas that don’t require low-
threshold-voltage cells and swap out 
low-voltage cells for high-voltage cells 
to reduce overall power and leakage of 
the design. Frenkil notes that this ap-
proach represents the most common use 
of the multithreshold-design technique 
because most applications have tim-
ing as a first requirement, low-thresh-
old-voltage libraries run faster through 
synthesis, and synthesis tools ultimate-
ly produce smaller design areas from 
these libraries. Synthesis tools tend to 
run longer and produce larger design ar-
eas when running heavy doses of high-
threshold-voltage cells.

However, in some wireless-system ap-
plications, power is the main goal, and 
area increases are less of an issue. In those 
cases, some designers first run synthesis 
with high-threshold-voltage cells, find 
the critical path, and then swap out the 
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+1 x 15 W into 8 �, full-bridge

• PWM Popguard® technology for 
half-bridge mode

• Programmable channel delay and 
spread spectrum PWM modulation for 
system noise and radiated emissions 
management

• On-chip stereo A/D converter

° 24-bit, 48 kHz conversion

° 95 dB dynamic range, –88 dB THD+N

° 2 VRMS input supports SCART
• Thermally enhanced QFN package; 

lead-free assembly

CS4525 and CS4412 Applications

• Integrated digital TVs
• Flat-panel TV monitors
• Computer/TV monitors
• Mini/micro shelf systems

• Powered speakers
• Portable docking stations
• Computer desktop audio

Part Power Dynamic
Range THD+N Channels Power Supply Comments Package

CS4525 30 W 102 dB 0.1% 2.1
VP = 9 V to 18 V;
VD = 2.5 V to 5 V

Integrated Digital Audio Amplifi er 
with ADC, SRC, and Signal Processor

48 QFN

CS4412 30 W 102 dB 0.1% 4
VP = 9 V to 18 V;
VD = 2.5 V to 5 V

Quad Power Stage IC Thermally 
Enhanced 85% Efficiency

48 QFN

CS44130 60 W 107 dB 0.12% 4
VP = 10.8 V to 21 V;
VD = 3.3 V or 5 V; 
VL = 2.5 V to 5 V

Quad Power Stage IC Thermally 
Enhanced 90% Efficiency

48 QFN

CS44600 N/A 100 dB <0.05% 6
VD = 2.5 V;

VL = 3.3 V to 5 V
192 kHz Digital Amplifi er Controller 64 LQFP

CS44800 N/A 100 dB <0.05% 8
VD = 2.5 V;

VL = 3.3 V to 5 V
192 kHz Digital Amplifi er Controller 64 LQFP

Digital Amplifiers Power Stages
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high-voltage cells with low-voltage cells 
until they reach their performance goal.

MULTIVOLTAGE DESIGN
Although multithreshold design helps 

engineers minimize leakage of their de-
signs through the use of multiple librar-
ies, another technique, multivoltage de-
sign, helps designers control dynamic 
power. Similar to multithreshold design, 
multivoltage design enables designers to 
give the critical paths and blocks in their 
designs access to maximum voltage for 
the process and specification, but the de-
signers then reduce the voltage for less 
power-hungry blocks. For example, Keat-
ing says, a processor block may require a 
clock speed of 500 MHz, but a USB core 
may require only 30 MHz to comply with 
the USB protocol and thus require less 
voltage to run. So, if designers give the 
USB core only the power it needs, they 
can drastically reduce the overall power 
the design consumes. To implement the 
method, designers traditionally put level 
shifters between blocks that are running 
at different voltages. “If you have a 0.9V 
region on your IC design that is sending 
a signal to a 1.2V region, you have to put 
a level shifter between the two regions so 
you can boost it to the swing in voltage 
and control timing,” Keating says.

Although a fairly simple concept, its 
implementation is more complex. First, 
designers must get used to dealing with 
multiple voltages on a die. “We are re-
ally trained as engineers that a chip 
has just one power supply, and now you 
have to deal with some complications,” 
says Keating. There are also some fairly 
significant challenges on the tools front. 
Most commercial synthesis and physi-
cal-design tools can insert level shifters 
and can perform multivoltage, but creat-
ing RTL is a problem. “HDLs don’t yet 
have a mechanism for describing power 
connectivity,” says Keating. This lack is 

one area that EDA vendors are address-
ing by trying to implement a low-pow-
er standard. Unfortunately, the industry 
players have diverged between two simi-
lar standards (see sidebar “EDA industry 
quibbles over power standards”).

Another emerging method that start-
ed in custom design but is making its 
way into ASIC design is the use of par-
allelism along with voltage scaling. In 
their book, Chinnery and Keutzer de-
scribe this technique. Keutzer says that 
people at first dismissed it as impractical 
but that it is now getting serious atten-
tion. “You parallelize to get the perfor-
mance up and then scale voltage down 
to reduce the power and energy,” says 
Keutzer. “If you look at dynamic power, 
voltage is clearly where the biggest gains 
will be. So, how do you get the voltage 
down? Given a timing constraint—2 
nsec, for example—you first overachieve 
your timing objective. In particular, you 
add parallelism to get the critical path 
down to 1.2 nsec. Then, you can scale 
down the voltage to relax back to the 
2-nsec cycle time you need to achieve. 
The decrease in voltage more than com-
pensates for the increase in area.”

CLOCK GATING
Probably the oldest and most tried-

and-true technique for reducing power 
is clock gating. One-third to one-half of 
an IC design’s dynamic power is in the 
chip’s clock-distribution system. “It’s a 
pretty simple concept: If you don’t need 
a clock running, shut it down,” says Ke-
ating. Today, the two popular methods 
of clock gating are local and global (Fig-
ure 4). If you feed old data to the output 
of a flip-flop back into its input through 
a multiplexer, you typically need not 
clock again. Therefore, you can replace 
each feedback multiplexer with a clock-
gating cell that clocks the signal off. You 
would then use the enable signal that 

CLVDDVSWINGf�

�

� VDDQSCf

PTOTAL PDYNAMIC PSTATIC

�

�

VDDILEAKAGE � VDDITHROUGH

CAPACITIVE-LOAD
POWER

SHORT-CIRCUIT
POWER

LEAKAGE
POWER

STATIC NONLEAKAGE
POWER

Figure 3 Low-power design is all about reducing dynamic power or leakage power in 
the total-power equation.
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To compare specifications and view
application videos for the NI high-speed
digital modules, visit ni.com/highspeeddigital.

Logic Analysis
to Digital ATE

High-Speed Digital I/O
As part of the National Instruments 
mixed-signal suite, high-speed digital 
modules from NI offer the flexibility and 
features to address applications ranging 
from digital interfacing to advanced digital test.

Features
Programmable

DIO
LVDS
DIO

PCI Express
DIO

Bus PXI, PCI PXI, PCI PCI Express
Data Rate 100 Mb/s 400 Mb/s 50 Mb/s
Channels 20 16 32
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LVDS 2.5, 3.3, 
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Triggering � � �

Scripting � � –
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controls the multiplexer to control the 
clock cell to clock the signal off.

In the old days of digital design, de-
signers had to manually perform this 
task, but any commercial synthesis tool 
worth its salt can now automatically 
do it. “The tools are all set up for that 
now, so they will go in, automatically 
look for multiplexers, and, if there is a 
feedback multiplexer, they’ll replace it 
with a clock-gating cell,” says Keating. 
“When you start talking about 32-bit 
registers, you can get significant savings 
using this technique.” He notes that In-
tel (www.intel.com) engineers this year 
presented a paper at SNUG (Synopsys 
Users Group) that reported a 43% sav-
ings in dynamic power using the tech-
nique (Reference 2).

The other popular approach of clock 
gating, global clock gating, is to simply 
turn off the clock to the whole block, 
typically from a central-clock-generator 
module. This method functionally shuts 
down the block, unlike local clock gat-
ing, but even further reduces dynamic 
power because it shuts down the entire 
clock tree.

POWER-SAVVY MEMORY
Another popular technique for lower-

ing both dynamic power and leakage is 
to use power-aware memories. 

In its simplest form, the technique 
involves shutting down segments of a 
memory array when they are not in use. 
Another technique in this category is 
body-biasing memories. In this method, 
designers reverse-bias a memory when it 
is not in use, which essentially raises the 
threshold voltage and in turn slows leak-

age. Another technique gaining popular-
ity is to use multimode power for memo-
ries. In this technique, designers employ 
memory with several power modes. Many 
designs employ dual-function memories 
so that, when the CPU accesses a memo-
ry to read or write data to run a main ap-
plication, the memory receives full access 
to power to perform the operation. How-
ever, when the memory is not required 
to read or write, designers can program 
the memory to power down to a level 
at which the memory gets only enough 
power to retain its memory content.

POWER GATING/MTCMOS
Perhaps the hottest new methods for 

low-power design are power gating and 
MTCMOS (Figure 5). Like voltage gat-
ing, power gating involves temporarily 
shutting down blocks in a design when 
the blocks are not in use. And, like volt-
age gating, the technique is complex. 
“The neat thing about the other tech-
niques is that they are pretty much all 
transparent to the design engineer,” says 
Keating. “When I’m writing my RTL, I 
don’t have to think about multithresh-
old, multivoltage, clock gating, or pow-
er-aware memories because someone 
else downstream has to worry about it. 
But with power gating, I have to worry 
about it at the RTL. I have to design a 
power controller that is going to control 
what blocks I need to shut down and 
when, and I have to think about what 
voltage I’m going to [need to] run differ-
ent blocks.”

Traditionally, two methods for pow-
er gating are fine-grained and coarse-
grained. In fine-grained power gating, 
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Figure 4 Local clock gating involves the use of an enable signal to gate the clock 
instead of multiplexing the data (a). Global clock gating reduces dynamic power by 
preventing the clock from transitioning when an enable is false (b).
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designers place a switch transistor be-
tween ground and each gate. This ap-
proach allows designers to shut off the 
connection to ground whenever a series 
of functions is not in use. “You do that 
[technique] with every cell in the li-
brary,” says Keating. “At first, people re-
ally liked fine-grained power gating be-
cause it is fairly easy to do power charac-
terization of each cell, but the problem 
is the area hit is very significant: two 
to four times larger.” Designers can also 
mix and match cells, having some pow-
er-gated and others not. Cells with high 
threshold voltage need not use power 
gating. For the most part, the power pen-
alty is just too large, and many design 
groups are instead using coarse-grained 
power gating, in which designers create 
a power-switch network—essentially, a 
group of switch transistors that in par-
allel turn entire blocks on and off. The 
technique does not have the area hit of 
the fine-grained technique but is harder 
to characterize on a cell-by-cell basis.

Sequence Design’s Frenkil says that a 
compromise—medium-grained power 
gating—is also starting to emerge in the 
design community. In this method, he 
says, “Power-gating cells will power small 
blocks individually. … If you look at a 
high-performance, 65-nm process, the 
leakage can easily be 40 to 50% of your 
total power design. If you are designing 
a high-performance chip, you have to 
deal with an enormous amount of leak-
age, so people have several separate pow-
er domains controlled individually. I’ve 
seen one modestly sized chip that has 20 
power domains; if you scale that up to a 

leading-edge chip, it will have over 100 
power domains.” That number would 
be too hard to control with either a true 
fine-grained or a true coarse-grained 
technique. Of all the techniques, power 
gating has the most promise, says Fren-
kil. “It reduces leakage more, and it will 
scale well into the future, where things 
like back-biasing will not,” he says.

EDA vendors are feverishly attempt-
ing to automate the power-gating tech-
nique. The warring low-power stan-
dards, UPF (Unified Power Format) and 
CPF (Common Power Format), both 
aim to help design teams more effec-
tively implement power-gating meth-
ods. Keating notes, for example, that, 
in UPF design, engineers still must de-
sign the power controller in RTL, but 
several tools help with the insertion of 
the power mesh, isolation cells, and re-
tention registers into a design. “Instead 
of doing it in RTL, you can do it in a 
UPF command language and specify a 
certain number of blocks to be isolated,” 
says Keating. “In one line, you can do 
what it would take many lines of RTL to 
do. The tools are smart enough to take 
those commands and insert them at the 
appropriate levels. Some get inserted 
during synthesis; others get inserted dur-
ing place and route.”

The method requires either manu-
al or tool-automated insertion of isola-
tion-retention flip-flops. “When you 
shut down a block, and its outputs go 
to a block that is still powered up, you 
have to worry about those power-down 
nodes floating, and they can float to the 
threshold voltage and create unwant-

HEADER
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VIRTUAL
POWER

LOGIC
BLOCK

FOOTER
SWITCH

VIRTUAL
GROUND

LOGIC
BLOCK

Figure 5 In MTCMOS and power gating, designers place a power-gating transistor in 
the stack between the logic transistors and either power or ground, thus creating a 
virtual supply rail (a) or a virtual ground rail (b).
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ed currents downstream,” says Keating. 
“You have to put isolation cells on those 
outputs and clamp that output to a one 
or a zero, so nothing gets hit by a float-
ing current downstream.”

The method also requires the use of 
retention flip-flops. Keating notes that 
one of the problems with shutting down 
a block is that the block needs to restore 
or maintain all its states. To achieve this 
goal, designers can use retention flip-
flops, in which the main part of the flip-
flop has a low threshold voltage—that is, 
fast but leaky—and it sits beside a bal-
loon register of high-threshold-voltage, 
low-leakage cells. “Just before you shut 
down a block, you put the output of the 
flip-flop into a balloon register,” says Ke-
ating. “Then, everything but the balloon 
register gets powered down to maintain 
the states. When the block powers back 
on, the balloon register dumps every-
thing back on the main flip-flop, which 
helps quickly power the block up.”

EDA TO THE RESCUE?
Frenkil notes that, although EDA 

vendors offer a wide range of tools to 
help designers implement low-power-
design techniques, the EDA industry 
also offers power-integrity tools to help 
designers consider the effects of de-
sign decisions on power. Power-integ-
rity tools perform voltage-drop analysis, 
voltage-derated timing analysis, noise-
margin analysis, and power-bus sizing. 
Many vendors offer low-power tools to 
attack the problem from every angle 
(Table 1 on pgs 60, 62, and 64). Ac-
cording to Keutzer, the EDA industry 
has yet to adequately address some prob-
lems. For example, the industry could 
provide tools that ease ASIC designers’ 
ability to implement microarchitecture 
techniques, such as pipelining; to more 
efficiently lay out clock networks; and to 
more effectively use transparent latches. 
However, he notes, no EDA tool can 
solve everyone’s power problem “It’s not 
about home runs; rather, it’s about a lot 
of singles,” says Keutzer.

Designers must become familiar with a 
mix of low-power-design techniques and 
should also investigate which tools will 
help them achieve their power goals. 
The EDA industry is trying to market a 
healthy field of tools to help designers 
control power. Eventually, vendors hope 
to provide design flows to allow design-
ers to make trade-offs among timing, 

power, signal integrity, and, eventually, 
even thermal analysis (Reference 3). 
Top semiconductor companies, design 
houses, and EDA players are trying to 
establish a common power format. Even 
with the current field of EDA tools and 
the rough beginnings of integrated low-
power flows, however, the EDA industry 
still has much work to do before it can 
solve the power problem.EDN
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TABLE 1 LOW-POWER TOOLS

Company
Tool/

starting price Tasks
Where used 

in fl ow? Description

Apache Design RedHawk-LP/
$95,000

Analysis Postlayout (DEF/
GDS)

Low-power-design analysis and optimization tool, including 
rush-current and ramp-up analysis, full-chip mixed-mode 
verifi cation, and switch optimization for MTCMOS designs

RedHawk-ALP/
$150,000

Analysis Postlayout (DEF/
GDS)

Extends RedHawk-LP to include ultralow-leakage-design 
techniques, such as substrate back-biasing (VTCMOS), 
power-gated memories, and on-chip low-dropout voltage 
regulators

ArchPro Design 
Automation

MVSim/
NA

Analysis and 
verifi cation

RTL, gate level Cosimulator that simulates multivoltage effects with electri-
cal accuracy; users can identify multivoltage issues using 
automatic assertion generation and analyze coverage of 
multivoltage states

MVRC/
NA

Analysis and 
verifi cation

RTL, gate level Vectorless verifi cation of multivoltage issues; users can 
detect topological, functional, and sequential issues with 
respect to power-management control

MVSyn/
NA

Design RTL, gate level Automatic insertion of level shifters and isolation cells at 
RTL and gate level; users can perform electrically accurate 
simulations at the RTL/gate level with the inserted cells

Atrenta Spyglass-
Power/

$60,000

Analysis RTL, postsynthesis, 
after place and route 

Provides a comprehensive approach to low-power design; 
helps manage power and voltage domains 

Azuro PowerCentric/
NA

Design and 
analysis

Gate level, 
postphysical

Operates as a complete replacement for clock-tree 
synthesis within digital-design fl ows, comprehensively 
addressing power, timing, and variability within one unifi ed 
optimization environment

Bluespec ESEComp/
$25,000

Design ESL, RTL Synthesizes SystemC designs into highly effi cient Verilog 
RTL; enables rapid architectural exploration; accelerates 
the correct implementation of multiple clock domains, 
clock synchronizers, and gated clocks

BSC/
$25,000

Design ESL, RTL Synthesizes Bluespec SystemVerilog designs into highly 
effi cient Verilog Design; Bluespec’s synthesis tools enable 
rapid architectural exploration and accelerate the correct 
implementation of multiple clock domains, clock synchro-
nizers, and gated clocks

Cadence Design 
Systems

Cadence Low-
Power Solution/

NA

Design and 
analysis

RTL, gate level, 
transistor level

Integrates logic-design, verifi cation, and implementation 
technologies with the Si2 CPF; reduces risk; improves 
productivity; achieves superior trade-off among timing, 
power, and area requirements

Encounter RTL 
Compiler global 

synthesis/
NA

Design and 
analysis

RTL, gate level Performs top-down multiobjective, multidomain, multimode 
synthesis for exploration and synthesis of multiple thresh-
old voltages, multiple supplies, power shutoff, and voltage 
scaling, using CPF to sustain design intent

Encounter 
Conformal Low 

Power/
NA 

Analysis RTL, gate level, 
transistor level

Verifi es and debugs power-optimized multimillion-gate de-
signs using CPF and combining low-power structural and 
functional checks with equivalence checking for superior 
performance, capacity, and ease of use

Encounter Test/
NA

Design Gate level Creates test mode for each power domain, including shut-
off requirements, as specifi ed in CPF; inserts structures 
to control power during test; generates ATPG vectors that 
reduce power consumption during test
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Intersil – An industry leader in Switching Regulators and Amplifiers.
©2007 Intersil Americas Inc. All rights reserved. The following are trademarks or services marks owned by Intersil Corporation 
or one of its subsidiaries, and may be registered in the USA and/or other countries: Intersil (and design) and i (and design).

High Performance Analog

Intersil Display Products

Performance on Display.

Go to www.intersil.com for samples, datasheets and support

Whether you’re powering a small, medium, 
or large panels, we’ve got what you need. 
Everything from the industry’s best 
programmable buffers and your DC/DC 
sub-system to RGB backlight drivers and 
award-winning ambient light sensors. 

Improve your display 
performance with Intersil’s 
high-performance mixed 
signal and power ICs.

Display Products:
Ambient Light Sensors
Programmable Gamma Buffers
VCOM-Adjusting DCPs
DC/DC Sub-systems
 • Boost
 • Charge Pumps
 • System Power
Backlight LED Drivers
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SoC 
Encounter/

NA

Design and 
analysis

Gate-to-GDSII Implements low-power designs; includes multiple-power-
domain support for virtual prototyping, placement, and op-
timization; provides autoinsertion of low-power structures, 
such as switch cells and isolation cells; includes power-
aware clock-tree synthesis, domain-aware routing, analysis 
of power consumption and IR-drop effects

Voltagestorm/
NA

Analysis Gate level Integrates static- and dynamic-power-rail verifi cation in 
CPF-enabled SoC Encounter; performs sign-off power 
analysis; automates analysis and optimization of decou-
pling capacitance size and location, resulting in lower 
dynamic-IR drop

Incisive Design 
Team and 
Enterprise 
Manager/

NA

Verifi cation System level, RTL, 
gate level

Creates power plan and metrics in CPF-enabled fl ow; 
tracks power verifi cation metrics against design and verifi -
cation plan, ensuring full coverage-driven verifi cation of all 
power-modes in the design

Incisive Design 
Team and 
Enterprice 
Simulator/

NA

Verifi cation System level, RTL, 
gate level

Uses CPF for seamless verifi cation of power shutoff with-
out changing the verifi cation environment; reduces risk of 
power-shutoff failure

Incisive Formal 
Verifi er/

NA

Verifi cation System level, RTL, 
gate level

Verifi es power intent using standard assertion languages, 
complex power-control modules, and state and sequence 
relationships versus CPF specifi cation; identifi es corner 
cases without time-consuming simulation

Paladium III/
NA

Verifi cation System level, RTL, 
gate level

Emulates system-level behavior, including both software 
and hardware, to quickly verify complex power-shutoff 
relationships

Xtreme III/
NA

Verifi cation RTL, gate level Reduces verifi cation risk by seamlessly and rapidly verify-
ing power shutoff without changing the RTL or verifi cation 
environment

ChipVision De-
sign Systems

Orinoco/
$150,000

Design and 
analysis

Above RTL (system 
level)

Optimizes for low power at the electronic-system level to 
gain signifi cant reduction of energy consumption    

Golden Gate 
Technology

PowerGold/
$250,000 per 
year list price

Power 
optimization

Postsynthesis physi-
cal design, gate level

Reduces power by 10 to 20% or more without impacting 
timing and complementing Cadence, Synopsys, or Magma 
fl ows

Magma Design 
Automation

Talus Power/
NA

Design RTL-to-GDSII Enables optimal power management throughout the fl ow 
with power-aware synthesis, physical optimization, power-
aware CTS, automated multivoltage, multiple threshold 
voltage, and MTCMOS methodology, allowing designers 
to minimize power and ensure uniform power distribution

Quartz Rail/
NA

Analysis RTL-to-GDSII Analyzes power-integrity sign-off for power, IR drop, and 
thermal effects with a built-in SPICE engine for accurate 
results

Mentor Graphics Questa 6.3/
TBD

Analysis RTL, gate level Simulates power shutdown and power-up of power 
domains; provides voltage scaling to reduce power gating 
and retention behavior in designs

0-In CDC/
TBD

Analysis RTL Uses clock gating to reduce dynamic-power consumption;  
ensures the design has no clock-domain-crossing issues

Sequence 
Design

PowerTheater/
$115,000

Design and 
analysis

RTL, gate level Provides RTL power analysis and management with sili-
con-aware features for voltage islands, multiple threshold 
voltages, power gating, and clock gating

TABLE 1 LOW-POWER TOOLS

Company
Tool/

starting price Tasks
Where used 

in fl ow? Description

Table continues on page 64
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Intersil – Amplify your performance with advanced signal processing.
©2007 Intersil Americas Inc. All rights reserved. The following are trademarks or services marks owned by Intersil Corporation 
or one of its subsidiaries, and may be registered in the USA and/or other countries: Intersil (and design) and i (and design).

High Performance Analog

Intersil USB Switches

Simply Amazing.

Intersil’s tiny USB Switch enables 
charging, audio, video, and 
high speed data through a 
single connector.

Audio

Video

USB Data

ISL54207

US
B 

Au
dio

 / V
ide

o J
ac

k

USB
High Speed
Transceiver

Audio,
NTSC, or 
PAL Video

µControllerLogic Circuitry

Go to www.intersil.com for samples, datasheets and support

Combined data, audio, 
and video switch 
eliminates either the 
USB or TV OUT 
connector on cameras 
or media players.

Device
ISL54207
ISL54208
ISL54415
ISL54416
ISL54417

Audio THD 
32    (%)

0.06
0.06

0.007
0.007
0.007

USB
Speed

480
480
12
12
12

Video Diff 
Gain Phase
0.28 / 0.04
0.28 / 0.04
0.04 / 0.03
0.04 / 0.03
0.04 / 0.03

Audio / Video / Data

Device
ISL54205A
ISL54206
ISL54400
ISL54401
ISL54402

Audio THD 
32    (%)

0.06
0.06

0.007
0.007
0.007

USB
Speed

480
480
12
12
12

Audio / Data
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CoolTime/
$130,000

Analysis Physical design Provides dynamic voltage-drop analysis and optimiza-
tion; analyzes timing, signal integrity, static-IR drop, and 
electromigration; supports design techniques, such as 
voltage islands, multiple threshold voltages, power gating, 
and clock gating

CoolCheck/
$80,000

Analysis Physical design Provides early power-grid debugging with a fast formal 
technique for fi nding missing vias, weak connections, and 
highly resistive current paths in the power grid

CoolPower/
$240,000

Design and 
analysis

Postroute design 
closure

Provides automatic, concurrent optimization of leakage 
power, dynamic power, timing, and signal integrity, includ-
ing multiple threshold voltages and MTCMOS power-gat-
ing optimizations

 Synopsys  VCS/
$36,750

 Verifi cation RTL, gate level Provides comprehensive functional verifi cation with 
built-in testbench, coverage, assertion, and debugging 
technology; supports power-aware verifi cation, including 
correct handling of retention registers, and power-up/pow-
er-down sequences

 Leda/
$14,945

 Analysis RTL, gate level Provides programmable RTL design and coding-guideline 
checker and built-in checks for CDC, SDC, power, and 
test; provides more than 50 low-power checks, including 
insertion/location of level shifers and isolation cells and 
clock gating to turn off power regions

 Design 
Compiler Ultra/

$98,000

 Design RTL Provides comprehensive RTL synthesis, delivering best 
productivity; includes power and test-aware Topographical 
Technology

 Power 
Compiler (add-
on to Design 

Compiler Ultra)/
$50,470

 Design RTL, gate level Provides complete power-management synthesis for 
achieving the lowest power design; supports multivolt-
age, MTCMOS power gating, multithreshold leakage and 
gate-level power optimization, clock gating, and operand 
isolation 

 DFT MAX 
(add-on to DFT 

Compiler)/
$123,725

 Design Gate level Provides power-aware adaptive-scan compression for test 
data and time reduction

 IC Compiler/
$757,050

 Design and 
analysis

Gate level Provides complete physical implementation, including hi-
erarchical-design planning with automated power-network 
synthesis and analysis; provides single convergent fl ow 
from netlist to silicon with support for multivoltage designs, 
multithreshold leakage, low-power placement and CTS, 
and state-retention power gating

 PrimeTime PX/
$24,500

 Analysis Gate level, TTL Provides concurrent timing, signal integrity, and power 
analysis

 PrimeRail/
$176,645

 Analysis Gate level, TTL Offers power-integrity sign-off with full-chip dynamic-pow-
er-integrity tool; provides cell- and transistor-level dynamic-
voltage-drop and electromigration analysis

 TetraMAX/
$54,145

 Analysis Gate level Offers power-aware manufacturing-test-pattern generation 
for designs incorporating scan design-for-test techniques, 
including compression

 Innovator/
$60,000

 Preimplemen-
tation

 Transaction (system) 
level 

Provides software-driven power analysis and optimization 
with power-aware system software to measure the effects 
of architecture, power-management techniques, and soft-
ware on power dissipation
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Break Through

Leading the way in high-
performance, configurable DSP

Outperform your competition with the high-performance signal

processing delivered by XtremeDSP. With the new Spartan-DSP

series, low-cost implementations are now possible without compro-

mising performance. That opens up an exciting world of innovative

applications in wireless, video, imaging and more. 

Jump start your design with XtremeDSP solutions

• XtremeDSP Device Portfolio: Configurable, scalable, high-performance

devices: Spartan-DSP and Virtex-DSP series

• XtremeDSP Design Environment: Flexible, easy-to-use design flow

with Xilinx Signal Processing Libraries, Xilinx System Generator™ for

DSP, and AccelDSP™ high-level MATLAB® language-based tool

• XtremeDSP Development Tools: Application-specific reference

designs, development boards, kits and IP blocks

• XtremeDSP Support: World-class support from ecosystem of partners

and dedicated Xilinx teams

Visit www.xilinx.com/dsp today, order your FREE evaluation soft-

ware, and take your next DSP design to the Xtreme.

www.xilinx.com/dsp

Innovation to the Xtreme

©2007 Xilinx, Inc. All rights reserved. XILINX, the Xilinx logo, and other designated brands included herein are trademarks of Xilinx, Inc. All other trademarks are the property of their respective owners.

Now it’s your turn to innovate...
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©2007 Toshiba America Electronic Components, Inc. All rights reserved.     

Fluid synchronization of design, 
IP and manufacturing for your custom 
SoC development.

ELECTRONIC COMPONENTS system-level IP | SERDES | embedded memory | system in package | embedded microprocessor | mixed-signal IP   

Leading companies trust Toshiba to effi  ciently communicate 
with their internal teams, 3rd-party IP vendors, tool providers, 
and manufacturing to synchronize the complex fl ow required 
for timely and accurate, fi rst-time designs of custom SoCs/
ASICs. From calculators to mobile handsets to TVs, Toshiba’s 
seamless end-to-end integration,wide variety of IP and Six 
Sigma quality processes ensure that our deep commitment to 

your success enables you to deliver market-leading 
products on time and on budget. Together we can 
change the world. 

Test your SoC IQ 
and win premium 
Noise Cancellation 
Headphones online. 
Qualified engineers 

can win one of four prizes (while 
supplies last) when you take the 
advanced technologies SoC IQ 
Test 2 by S.R. SoCrateez, now at 
SoCworld.toshiba.com. Everyone 
wins something!
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At 5 MSPS and 35 mW Power, this 12-Bit SAR ADC Makes 
Choosing ADI Easy 

Motor control and automotive customers need high speed, zero latency, simultaneous 
sampling ADCs to achieve the highest efficiency and precision control, while consuming 
a minimum of power. Meeting these demands in a compact footprint is a challenge faced 

by all IC suppliers.

The AD7356 12-bit, 5 MSPS, dual-channel simultaneous sampling ADC is unlike any other SAR 
that ADI offers. It is 25% faster than other single channel SAR ADCs in the 12-bit resolution 
range and three times faster than the next fastest simultaneous sampling SAR ADC.

The higher data throughput rate offered by the AD7356, with no limitation on time between 
conversions, provides a key performance advantage for devices such as optical encoders used 
in high speed industrial motor controls where continuous measurement of motor functions is 
required to maintain precision operation.

The AD7356 is also suitable for adaptive cruise control and RFID automotive applications. It 
provides complete functionality for fast I & Q sampling, consumes just 35 mW of power, and 
is available in a compact 16-lead TSSOP package. The AD7356 conversion process and data 
acquisition use standard control inputs to allow for easy interfacing to DSPs. For optimum 
performance, the AD8138 ADC driver, which offers low distortion and fast settling times, is 
recommended. Other leading ADI SAR ADCs are shown in the table below.

• Simultaneous sampling ADC

• Resolution: 12-bits

• Throughput: 5 MSPS per channel

• Low power: 35 mW at 5 MSPS

• On-chip reference

• Zero latency

• Package: small 16-lead TSSOP

AD7356 $7.89

APPLICATIONS

• Industrial motion control

• Adaptive cruise control (ACC)

• RFID transceivers

Part 
Number

Description (SAR ADC)
Maximum

Power 
(mW)

Package
Price

($U.S.)

AD7356 Dual, 5 MSPS, 12-bit, 1-channel 35 16-lead TSSOP 7.89

AD7266 Dual, 2 MSPS, 12-bit, 3-channel 27 32-lead LFCSP, 32-lead TQFP 7.55

AD7265 Dual, 1 MSPS, 12-bit, 3-channel 7 32-lead LFCSP, 32-lead TQFP 5.75

AD7866 Dual, 1 MSPS, 12-bit, 2-channel 11.4 20-lead TSSOP 5.95
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Dual, 150 MSPS ADC Simplifies Infrastructure Design 

As usage and demand for competitive cell phone services continue to rise, wireless infrastructure manufacturers must 
constantly reduce the size and cost of newly installed wireless infrastructure, while holding to the highest standards of 
performance, functionality, and quality of service. The data conversion block is a critical function in wireless infrastructure 

designs, and selecting the best converter is key to improving the overall system design by breaking through design barriers such 
as performance, size, and cost.

In the main receiver function, the ADC is the key block 
that digitizes the incoming intermediate frequency (IF) 
signal after it has been mixed down from the antenna. It 
then passes the digital data to the digital downconverter.
Currently, most architectures require two receivers, each 
requiring a high performance, high speed ADC. Sampling 
rates beyond 135 MSPS could only be realized via single-
channel 14-bit ADCs—requiring two separate converter 
blocks, thus driving increased power consumption, PCB 
area, and cost.

ADI’s new dual, 14-bit, 150 MSPS AD9640 ADC enables a 
50% reduction in converter board space in the main and 
diversity architecture. With a relatively low 390 mW/channel 
power consumption, the AD9640 simplifies the mechanical 
and passive thermal design requirements of pole-mounted 
transceiver enclosures. The AD9640 is available in a
9 mm  9 mm, 64-lead LFCSP.

VREF

SENSE

+–

REF
SELECT

CLK+

CLK–

DCOA
DCOB

DIVIDE
1 TO 8

DUTY CYCLE
STABLIZER

DCO
GENERATION

VIN+A

VIN–A
SHA ADC

FD BITS/THRESHOLD
DETECT SPI

PROGRAMMING DATA

FD[0:3]A SDIO SCLK CSB

CMOS
OUTPUT
BUFFER

D13A

D0A

VIN+B

VIN–B

SHA ADC

FD BITS/THRESHOLD
DETECT

SIGNAL MONITOR DATA

MULTICHIP
SYNC

FD[0:3]B SMI SMI SMI

CMOS
OUTPUT
BUFFER

SIGNAL
MONITOR

SYNC

D0B

D13B

SIGNAL MONITOR
INTERFACE

AD9640

AD9640-150 $87.50

• SNR of 72.7 dBFS with 70 MHz AIN

• SFDR of 85 dBc with 70 MHz AIN

• IF sampling to 450 MHz

AD9640: DUAL, 14-BIT, 150 MSPS ADC

APPLICATIONS

• Multimode digital receiv-
ers: GSM, EDGE, PHS, 
UMTS, W-CDMA, CDMA-
ONE, IS95, CDMA2000, 
IMT-2000 

• WiMAX

• Smart antenna systems

• General-purpose
software radio

Get the Most Performance from Your ADCs 
with Drivers that Won’t Limit System Performance 

The ADA4937-1 and ADA4938-1 set new performance standards (14-bits at 70 MHz and 16-bits at 40 MHz) in noise and 
distortion for differential ADC drivers. The devices enable design engineers to easily get the most performance out of their 
ADCs since amplifier distortion will not limit system performance. The adjustable level of the output common mode allows

the ADA4937-1 and ADA4938-1 to match the input of the ADC.

ADA4937-1 Features

• –120 dBc/–102 dBc HD2/HD3 
@ 10 MHz 

• –98 dBc/–100 dBc HD2/HD3 
@ 40 MHz 

• –84 dBc/–90 dBc HD2/HD3
@ 70 MHz 

• –3 dB BW @ 1.6 GHz, G = 1

• Slew rate: 5000 V/ s

• VS = 3.3 V to 5 V

ADA4938-1 Features

• –112 dBc/–108 dBc HD2/HD3
@ 10 MHz 

• –96 dBc/–93 dBc HD2/HD3
@ 30 MHz 

• –79 dBc/–81 dBc HD2/HD3
@ 50 MHz

• –3 dB BW @ 1.5 GHz, G = 1

• Slew rate: 4700 V/ s

• VS = 5 V to 10 V

ADA4937-1 and ADA4938-1 
Common Features

• Input voltage noise: 2.2 nV/√Hz

• 0.1 dB gain flatness to 125 MHz

• Fast overdrive recovery to 4 ns

• 3 mm  3 mm LFCSP

• Priced at $3.79

“New Dimensions in Driving ADCs” 
at www.analog.com/onlineseminars.
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-  ADCs Optimize Processing of MEMS Sensor Signals 
Analog Devices offers a range of -  ADCs for processing signals from MEMS accelerometers and gyros. When a car is in motion, 
GPS signals can be blocked by tall buildings and trees. In these cases, dead-reckoning is used to counter these negative phenomena.
“Dead reckoning” is a method that utilizes accelerometers and gyros to measure the automobile speed and direction. ADI’s extensive 
portfolio of these types of sensors includes the ADXL330 accelerometer and the ADXRS401 gyro.

The AD7795 is a 6-channel -  ADC that can process the low frequency signals (typically around 100 Hz) of the gyro and the 
accelerometer 3-axis channels with 16-bit precision. With a low current consumption of less than 500 A max, the AD7795 is 
particularly suited to consumer navigation units designed to detach from the automobile so that the device may be used by 
pedestrians as a portable 
navigation tool.

The AD7795 also includes 
an on-chip reference and 
oscillator—saving system 
board space and cost. The 
programmable gain function 
makes the AD7795 particularly 
useful for measuring low level 
temperature signals to com-
pensate for sensor drift.

Blackfin®SERIAL
INTERFACE

AD7795

IN-
AMPMUX

ANALOG
INPUTS

16-BIT
- ADC

ADXL330

ADXRS401

X

Y

RATEOUT

TEMP

Z

For more information on -  ADCs from ADI, 
visit www.analog.com/sigma-delta.

Part Number Bits Channels Current ( A) Gain Update Rate (Hz) Package Price ($U.S.)

AD7795 16 6 450 1 to 128 4 to 470 24-lead TSSOP 4.40

AD7708 16 5, 10 1300 1 to 128 5 to 1300 28-lead SOIC 3.98

AD7794 24 6 450 1 to 128 4 to 470 24-lead TSSOP 5.80

“Options and Solutions for Sensor Signal Conditioning” 
at www.analog.com/onlineseminars.

24-Bit, 128 kSPS ADC for Low Power Equipment 

I n applications such as data acquisition, vibration analysis, and instrumentation, where small or faint (low level) signals must be 
distinguished in the presence of larger signals, there is a need for low power, high precision analog-to-digital converters with 
excellent dc and ac specifications. To date, finding an ADC that excels on all these levels has been a challenge for designers.

Specifically designed for ultralow power data acquisition, the AD7766 provides 24-bit resolution with 16-bit INL performance 
and 108 dB SNR. The power dissipation is low—just 20 mW of power at a data rate of 128 kSPS, scaled throughout. Thus, the 
device is ideal for measuring small signal changes over a wide dynamic range. This requirement is particularly important in 
vibration analysis where small signal changes are measured on larger ac or dc signals—enabling early failure detection and 
improving overall equipment reliability. The AD7766 provides excellent dc accuracy and offset drift of just 50 nV/°C, making it 
suitable where dc data also needs to be acquired. In sonar equipment, for example, the AD7766 best-in-class SNR, as high as 
114 dB at a 32 kHz output data rate, enables feature identification at greater distances than previously possible. The AD7766 is 
available in a 16-lead TSSOP package.

Functions Requirements Typical Applications

Measuring a small ac on a larger dc bias • Dynamic range/SNR
• Need for dc specs

• General high quality 24-bit data acquistion 
• Vibration analysis
• Bearing monitoring

Continuous acquisition of an ac signal
with a wide dynamic range

• Dynamic range/SNR 
• Need for dc specs

• Radio and HF radio
• Sonar

GPS NAVIGATION SIGNAL CHAIN
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High Performance, Low Power, Small Package PulSAR® ADCs for Every Designer’s Budget

I n medical, industrial, instrumentation, and sensor equipment, low power consumption and portability are critical to performance 
optimization. Designers seek uncompromised performance, at reduced power, board space, and cost.

ADI’s family of low power PulSAR ADCs in 10-lead MSOP and LFCSP pack-
aging is ideal for challenging applications that require low power, extended 
battery life, and high channel integration. At any speed and resolution, at any 
price, our industry-leading portfolio of 14-bit, 16-bit, or 18-bit SAR ADCs in 
small packages makes it easy to select the best converter solution for your 
application. All ADCs within this family are pin-compatible—enabling flexible 
accommodation of system performance changes during system feasibility 
evaluations, leading to faster development times overall.

AD7982
The AD7982 is an 18-bit, 1 MSPS, PulSAR ADC, available in a 3 mm  3 mm 
LFCSP, which is ideal for industrial and medical equipment such as CT scan-
ners. It consumes just 7 mW power—95% less than the closest competing 
18-bit ADC in its class, enabling longer battery life for portable equipment. It 
also has significant size advantage in the 10-lead LFCSP—80% smaller than 
any other 18-bit ADC capable of a 1 MSPS clock rate.

AD7980
The AD7980 is the industry’s lowest power 16-bit SAR ADC—and consumes 
just 7 mW power, which scales linearly with the sampling rate. It operates 
from a single 2.5 VDD power supply, and has a versatile serial interface port.
The compact 3 mm  3 mm LFCSP package represents a footprint 
reduction of over 80% vs. the competition. Many high speed data acquisi-
tion and automatic test equipment applications can take advantage of the 
outstanding dc and ac 16-bit performance. The wide dynamic range of the 
AD7980 allows low level signals to be converted with minimal front-end 
analog signal conditioning.

The ADA4941 and the ADA4841-x family of op amps are ideal to drive the 
PulSAR ADCs, and the ADR431 is a recommended supporting voltage reference.

For more information on PulSAR technology, visit www.analog.com/PulSAR.

APPLICATIONS

• High speed data acquisition

• Instrumentation

• Smart sensors

• Portable medical

Part 
Number

Resolution
(Bits)

Sample
Rate

Maximum INL
SNR
(dB)

Power @ 
100 kSPS (Typ)

Package
Price

($U.S.) 

AD7982 18 1 MSPS 2 LSB (8 ppm) 99 700 W 10-lead MSOP, 10-lead LFCSP 23.00

AD7690 18 400 kSPS 1.5 LSB (6 ppm) 102 4.4 mW 10-lead MSOP, 10-lead LFCSP 19.50

AD7691 18 250 kSPS 1.5 LSB (6 ppm) 102 1.4 (2.5 V) 10-lead MSOP, 10-lead LFCSP 14.50

AD7980 16 1 MSPS 1.5 LSB (22 ppm) 91.5 700 W 10-lead MSOP, 10-lead LFCSP 19.50

AD7693 16 500 kSPS 0.5 LSB (7 ppm) 96.5 3.6 mW 10-lead MSOP, 10-lead LFCSP 18.00

AD7688 16 500 kSPS 1.5 LSB (22 ppm) 95.5 3.75 mW 10-lead MSOP, 10-lead LFCSP 14.95

AD7685 16 250 kSPS 2 LSB (30 ppm) 93.5 1.35 mW (2.5 V) 10-lead MSOP, 10-lead LFCSP 6.50

AD7683 16 100 kSPS 3 LSB (45 ppm) 91 1.5 mW (2.7 V) 8-lead MSOP, 8-lead LFCSP 5.75

AD7942 14 250 kSPS 1 LSB (60 ppm) 85 1.25 mW (2.5 V) 10-lead MSOP, 10-lead LFCSP 4.75

For “Simulating and Modeling A/D 
Converters to Simplify System Design,” 
visit www.analog.com/onlineseminars.
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Lowering Power Consumption Threshold of ADCs for Wired and Wireless Communications 

With the migration of 3G and 4G base station platforms that utilize digital predistortion techniques across various system 
form factors, such as picocells and microcells, total system power consumption becomes increasingly important due to 
system deployment constraints. Overall efficiency can be greatly improved by using predistortion feedback schemes that 

enable transmit operation near the power amplifier saturation point. Intermodulation products that interfere with adjacent channels 
can be “nulled” out by predistorting this signal. The digital feedback loop is used to measure the nonlinear behavior by means of 
digitizing a wide signal bandwidth and providing a correction signal that compensates for these transmit errors.

In broadband communication systems, such as cable modem termination systems (CMTS) and fixed point-to-point radios, a reduction 
in board area translates to higher channel counts or smaller end system form factors.

The AD9230/AD9211 families of 12-bit and 10-bit ADCs are specifically designed 
to support these system demands. This LVDS output-based family features the 
world’s lowest ADC core power consumption performance at 400 mW while sam-
pling at 250 MSPS in double data rate mode. The small, 56-lead, 8 mm  8 mm 
LFCSP packaging allows system engineers to shrink total board area. In addition, 
these products offer superior dynamic performance of 64.9 dBFS signal-to-noise 
ratio (SNR) and 79 dBFS spurious-free dynamic range (SFDR) at 250 MSPS.

• 64.9 dBFS/59 dBFS SNR @ 70 MHz AIN, 250 MSPS 

• 79 dBc SFDR @ 70 MHz AIN, 250 MSPS

• 1.8 V single supply 

• AD9230 family: LVDS (DDR or SDR) outputs at 250 MSPS 

• AD9626 family: CMOS full rate or demultiplexed outputs up to 250 MSPS

• 700 MHz full power analog bandwidth

• Clock duty cycle stabilizer

• Package: 36-lead LFCSP 

APPLICATIONS

• Power amplifier linearization

• Wireless and wired broad-
band communications

• Cable reverse path

• Communications test 
equipment

• Radar and satellite 
subsystems

Part Number
Resolution

(MSPS)
Sampling
Rate (Bits) 

 Power 
Dissipation (mW)

Price
($U.S.)

AD9230-250 12 250 400 59.00

AD9230-210 12 210 383 42.00

AD9230-170 12 170 350 35.00

AD9230-11-200 11 200 380 36.00

AD9211-300 10 250 400 46.00

AD9211-250 10 200 400 39.00

AD9211-200 10 170 385 32.00

Subpicosecond ADC Clock and 
Timing Solutions
ADI offers a portfolio of clock products 
that deliver low jitter, low phase noise, 
and low spurs—making them ideal 
for clocking high performance ADCs 
and DACs.

Our portfolio includes ultralow jitter 
clock distribution and clock generation 
products for wireless infrastructure, 
instrumentation, broadband, ATE, and 
other applications demanding subpico-
second performance. ADI clock ICs 
integrate PLL cores, VCOs, dividers, 
phase offset, skew adjust, and clock 
drivers in small chip scale packages.

Visit www.analog.com/clocks.

For “Using State of the Art in ADCs—The Dimensions of 
Performance in ADCs That Are Driving Markets,”

visit www.analog.com/advancedADCs.

“Options and Solutions for Frequency Synthesis” 
at www.analog.com/onlineseminars.
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T h i s  S o l u t i o n s  B u l l e t i n  S p o n s o r e d  b y  A v n e t

New ADI Online Tool Enhances Simulation and Evaluation Capabilities for 
High Speed Data Converters 

Many designers are familiar with ADIsimADC,™ a simulation tool that accurately models the typical performance of many of our 
high speed converters. Using ADIsimADC, a designer can simulate the performance of an ADC affected by different input fre-
quencies, input amplitude, and clock jitter at ambient temperature. Our new tool, VisualAnalog,™ takes simulation to the next 

level by allowing the designer to create complex input signals for the ADC and to customize the analysis in order to refine the converter 
selection process.

Using a simple graphical user interface (GUI), the user can combine tone generators, Gaussian noise sources, customizable filter masks, 
and a pattern loader to evaluate an ADC with signals that are closer to real-world input signals. The user can also use quadrature data 
or merge two real waveforms into a complex interleaved waveform. These created waveforms can be utilized for the input to an ADC 
model or can be saved for later use with the digital pattern generator to be used for signal synthesis.

In addition to enabling the creation of complex waveforms, VisualAnalog includes additional data converter analysis previously unavail-
able from other tools. A designer can perform complex analysis showing I & Q constellation plots, track the peak of any value over many 
iterations, include or exclude specific spurs from noise calculations, as well as define a custom power calculation such as ACPR. This 
enhanced set of analysis functions applies to both the modeled ADC performance and data captured from an evaluation board.

With VisualAnalog, evaluation boards can also be configured whereby the software will automatically detect the ADC evaluation board 
in use (for ADCs that support SPI function) and preload those parameters to save time and effort. VisualAnalog also works with the DAC 
digital pattern generator to move data from a software data set to the hardware, thus allowing the user to generate specific waveforms 
when using a TxDAC® digital-to-analog converter evaluation platform.

After installing VisualAnalog software, the user can get started immediately by connecting an evaluation board and opening the default 
canvas for that selected product. Experienced users can open an existing template or create a custom template to solve any converter 
evaluation challenge. A complete user manual includes instructions and examples to help you start working with a blank canvas and 
create your own design. To download VisualAnalog, visit www.analog.com/ADIsimADC.

•  Imports models from ADIsimADC online 
simulation tool

• Allows a user to create more complex 
input signals:

• Tone generator for sine waves
• Filter masks
• Gaussian noise sources
• Pattern loader
• I & Q waveforms, including 

merging two real waveforms into a 
complex interleaved waveform

• Enables many types of complex 
analyses and calculations 

• Autodetect data load function when 
used with ADI evaluation boards

• Compatible with DAC pattern generator 
interface (DPG interface)

Support components can make or break a successful 
converter implementation. View our online, on-demand 

technical seminar and learn from the experts.
“Data Converter Support Components: Make the Right Choice!” 

is available at www.analog.com/onlineseminars.

VisualAnalog CONVERTER ANALYSIS PLATFORM

To view ADI’s complete list of 
available online design tools, 

visit www.analog.com/designcenter.
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Multichannel, Low Power I2C® ADCs in Tiny SOT-23 Packaging 

Multichannel I2C converters are ideal for monitoring miscellaneous voltages such as power supply or bias voltages that are 
outside the main signal chain yet are critical to system functionality and performance. Moreover, in an optimized design, 
this monitoring functionality needs to be achieved with minimal processor supervision.

AD799x Family Features 

•  Specified for VDD of 2.7 V to 5.5 V

• Temperature range: 
–40°C up to +125°C

• I2C-compatible interface

• On-chip channel sequencer

AD7991 Features

• 12-bit ADC with conversion 
time of 2 s typ

• 4-channel/3-channel with 
reference input

• 8-/10-bit pin-compatible options

• Low power in shutdown mode: 
1 A max

• Industry’s smallest package: 
8-lead SOT-23

Analog Devices’ multichannel I2C ADCs, the AD799x family, are unmatched in 
their ability to deliver the low power, small footprint, and low cost requirements 
that today’s I2C system monitors demand. The AD7991 is the industry’s small-
est 4-channel, 12-bit ADC with I2C-compatible interface. The device normally 
remains in a shutdown state while not converting and powers up only for con-
versions. Analog Devices also offers 8- and 10-bit pin-compatible solutions.

AD7991 $3.18

APPLICATIONS

• Channel monitoring

• Battery and tempera-
ture measurements

• Medical instruments

• Voltage monitoring

• Infotainment

Simplify Motion Control Designs with ADI’s Flexible, Simultaneous Sampling ADCs 

Measurement of a motor’s position, speed, and load requires simultaneous sampling to achieve maximum accuracy in motor 
positioning. Analog Devices offers a wide range of precision analog-to-digital converters specifically designed to address this 
need. Shown below are examples of products that combine high resolution and speed, high voltage capability, flexibility, and 

high levels of integration that provide savings in both footprint and component count for the system designer.

AD7264 is a 14-bit, 1 MSPS, dual, simultaneous sampling ADC. Each ADC is preceded by a true differential analog input with a 
PGA, providing gains of 1 to 128, enabling data acquisition boards to fit with a range of sensors, and reducing the signal conditioning 
typically associated with this function. The AD7264 features four integrated comparators, low power of 120 mW, is available in 
48-lead TQFP, and is priced at $9.06. The AD7262 is a 12-bit, 1 MSPS, pin-compatible solution.

AD7367 is a 14-bit, 1 MSPS, dual, 2-channel, simultaneous sampling ADC that 
can accept true bipolar analog input signals in the 10 V, 5 V, and 0 V to 10 V 
ranges, is available in 24-lead TSSOP, and is priced at $7.55. The AD7366 is a 
12-bit, 1 MSPS pin-compatible solution.

AD7656 is a highly integrated, 6-channel, 16-bit, 250 kSPS, simultaneous sam-
pling iCMOS™ ADC offering the critical combination of speed, accuracy, and power 
required for design success in demanding industrial design applications. It is 
priced at $17.00. The AD8021 and AD8610 are recommended drivers to support 
the AD7656.

AD7328 is a true bipolar, 8-channel, low power, 13-bit resolution (12-bit plus sign), 
1 MSPS iCMOS ADC. It can accommodate input voltage ranges up to 10 V, and is 
available in 20-lead TSSOP. It is priced at $6.25.

For more information on these devices and other high performance SAR ADCs, 
visit www.analog.com/ADCs or www.analog.com/motorcontrol.
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IF Diversity Receiver Addresses Cost and Size Challenges Inherent in 
Wireless Infrastructure Design

As 3G markets continue to develop, base station manufacturers need to meet the demanding performance, 
size, power, and cost requirements of third generation 3G standards such as CDMA2000, UMTS, TD-SCDMA, 
and 4G standards such as WiMAX. With these technologies, mobile communications are evolving from voice-

centric services to multimedia, content-rich information services, while holding to high standards of performance, 
functionality, and quality of service. This migration, coupled with the variety of standards implemented in different 
parts of the world, poses many design challenges for telecommunications equipment makers and service providers.

“Options and 
Solutions for RF 

System Design” at 
www.analog.com/
onlineseminars.
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AD6655 $97.50

ADI’s new intermediate frequency (IF) diversity receiver, the AD6655, combines the industry’s fastest dual, 14-bit 
ADC at 150 MSPS with a digital downconverter. This highly integrated solution enables efficient processing of 
multicarrier standards by removing the traditional interconnect issues associated with high speed data transfer 
from the ADC to the DDC. In addition, the device reduces BOM components count, is very low power at 600 mW/
channel, has a small 9 mm  9 mm, 64-lead LFCSP footprint, and can support multiple 3G technologies.
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s home, building, and industrial-automation 
applications go wireless, short-range wireless 
devices are receiving a lot of attention. Typi-
cally, these applications use either proprietary 
or standards-based approaches, such as ZigBee 
in the 900-MHz and 2.4-GHz ISM (industrial/

scientific/medical) bands. With the increased popularity of 
short-range wireless devices, it’s more important than ever for 
end-system designers to fully understand the range of wireless 
communications. This article discusses wireless propagation 
and develops models to estimate the path loss and range for 
short-range wireless devices in indoor environments. These 
models give system designers an initial estimate on a wireless-
communication system’s performance.

Before exploring range-estimation formulas, designers need 
to understand the wireless channel and propagation environ-
ment. The wireless-radio channel is the transmission path be-
tween the transmitter and its intended receiver. Unlike wired 
channels, which are stationary and predictable, wireless chan-
nels are random, time-variant, and difficult to model. So, 
designers need to use statistical modeling for these random 
channels.

Radio-wave-propagation models have traditionally focused 

on predicting the average received-signal strength at a given 
distance from the transmitter, as well as the signal’s strength 
variability in close proximity to a location. Propagation mod-
els that predict the mean signal strength for an arbitrary trans-
mitter-receiver separation are large-scale propagation models 
and are useful in estimating the transmitter’s range. Converse-
ly, propagation models characterizing the rapid fluctuations 
of the received-signal strength over distances of a few wave-
lengths are small-scale, or fading, models. This article focus-
es on the large-scale propagation model, which estimates the 
range of wireless transmission.

The free-space-propagation model predicts the received 
signal’s strength when the transmitter and the receiver have 
a clear, unobstructed line-of-sight path between them. The 
free-space model predicts that the received-signal strength 
“decays” as a function of the transmitter-receiver separation 
distance raised to the nth power—the “power-law” function. 
The free-space power that the receiver’s antenna receives is 
separated from a transmitting antenna by a distance, which 
the Friis free-space equation defines:

where PT is the transmitted power; PR(d) is the received power 
and is a function of the transmit-receive separation, d; GT is 
the transmitter-antenna gain; GR is the receiver-antenna gain; 
d is the distance between the transmitter and the receiver in 
meters; and � is the wavelength in meters.

The Friis free-space equation shows that the received power 
“falls off” as the square of the transmitter-to-receiver separa-
tion distance. This result suggests that the received power de-
cays with distance at a rate of 20 dB/decade.

An important term in estimating the wireless-transmission 
range is path loss, which represents signal attenuation in deci-
bels. Path loss is the difference in decibels between the trans-
mitted power and the received power at the antenna. From 
Equation 1, you can deduce the path loss as the transmitted 
power divided by the received power. Equation 2 defines the 
path loss as:

BY SHREHARSHA RAO  •  TEXAS INSTRUMENTS 

Estimating the ZigBee 
transmission-range 
ISM band
DESIGNERS OF SHORT-RANGE WIRELESS DEVICES IN THE 900-MHz AND 
2.4-GHz BAND NEED TO UNDERSTAND WHAT AND HOW PARAMETERS 
AFFECT THE TRANSMISSION RANGE BASED ON FORMULAS AND BE ABLE 
TO APPLY THEM IN FORMULAS FOR STATISTICALLY CALCULATING THE PATH 
LOSS AND RANGE FOR BOTH INDOOR AND OUTDOOR ENVIRONMENTS.
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TABLE 1 AVERAGE SIGNAL LOSS FOR RADIO-PATH 
OBSTRUCTION BY DIFFERENT MATERIALS

Material Type Loss (dB) Frequency (MHz)

Metal 26 815

Concrete-block wall 13 815

Loss from one fl oor 20 to 30 1300

Loss from one fl oor and one wall 40 to 50 1300

6-in.-diameter metal pole 3 1300

Concrete wall 8 to 15 1300

Concrete fl oor 10 1300

Transmitter turning at right angle 
along corridor

10 to 15 1300
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where PL is path loss. To simplify Equation 2, assume that 
both the transmitting and the receiving antennas have unity 
gain, and this assumption results in:

You can also express this equation in the following usable 
form:

                         PL�20log10(fMHz)�20log10(d)�28, (4)

or 

                                          PR�PT�PL, (5)

where d is the distance in meters.
The Friis free-space formula can estimate the received-pow-

er level only for values of d that are in the transmitting anten-
na’s far field. The far field, Fraunhofer region, of a transmitting 
antenna is the region beyond the far-field distance, dF. For an 
antenna, dF is 2D2/�, where D is the antenna’s largest physical 
linear dimension. Also, dF must be greater than D and must 
be in the far-field region. This path-loss formula applies only 
to ideal systems with clear lines of sight, and you should use it 
only for initial estimates. 

Propagation models use the close-in distance, d0, as the re-
ceived-power reference point. You must calculate the received 
power, PR(d), at any distance greater than the received-power 
reference point with reference to PR(d0), whose value you can 
predict from equations 1 and 4. Alternatively, you can meas-
ure it in the radio environment by taking average received 
power at many points from a close distance from the transmit-
ter. You must select the close-in reference distance so that the 
far-field region is greater than the close-in distance.

Using this information, you can calculate the received pow-
er at any distance using the following formula:

The reference distance for practical systems operating at 1 
to 2 GHz is 1m for indoor environments and 100m for outdoor 
environments.

Most RF power-level units are either in decibels referred to 
milliwatts or decibels referred to watts rather than absolute 
power levels. You can rearrange Equation 6 as:

The following example explains these concepts. Assuming 
a transmitting frequency of 900 MHz, the transmit power of 
6.3 mW (8 dBm), and the unity-gain transmitting and re-
ceiving antennas, determine the received power at 1200m 
distance in an outdoor-line-of-sight environment. For an 
outdoor environment, the reference distance is 100m, and 
you must determine the received power at 100m. The wave-
length at 900 MHz is 0.33m.

Using the values in Equation 1, you obtain

To calculate the power in decibels referred to milliwatts, you 
must express the power in milliwatts as:

PR(100)�0.44�10�6 mW. 

Therefore,

PR(100)�10log(0.44�10�6 mW)��63.6 dBm. 

Using Equation 7 to obtain the received power at 1200m 
yields:

and

           PR(1200)��63.6 dBm�21.58 dB��85 dBm. (12)

Using Equation 5, you can verify the same value of received 
power.

Thus, for an ideal, unobstructed-outdoor-line-of-sight envi-
ronment, the received power at a 1200m distance when the 
transmit power is 8 dBm is approximately �85 dBm. The ac-
tual received power will be lower because the real-world envi-
ronment will likely have obstructions in the line-of-sight path 
or, worse, no line-of-sight path at all. For the previous exam-
ple, you calculate the path loss as PT�PR. Therefore, path loss 
is 8 dBm�(�85 dBm)�93 dB.

PRACTICAL PATH-LOSS FORMULAS 
For any practical wireless-sensor system, it’s important to 

know the maximum reliable data-transmission range. This 
wireless-system range directly depends on the link-budget pa-
rameter:

                               LB�PT�GT�GR�RS, (13)

where LB is the link budget in decibels, PT is the transmit-
ted power in decibels referred to milliwatts or watts, GT is the 
transmitter-antenna gain in decibels, GR is the receiver-anten-
na gain in decibels, and RS is the receiver sensitivity. Sensi-
tivity is the minimum RF signal that the system can detect 
with an acceptable SNR (signal-to-noise ratio). Equation 14 
shows the receiver sensitivity:

               S��174 dBm/Hz�NF�10logB�SNRMIN, (14)
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TABLE 2 FAF (FLOOR-ATTENUATION FACTOR) FOR 
SIGNAL PENETRATION ACROSS MULTIPLE FLOORS

No. of 
fl oors

Floor-attenuation 
factor (dB)

Frequency 
(MHz)

Standard deviation 
(dB)

One 13.2 915 9.2

Two 18.1 915 8

Three 24 915 5.6

Four 27 915 6.8

Five 27.1 915 6.3
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Learn about 16-bitLearn about 16-bit
Embedded Control for $25!Embedded Control for $25!
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Learn how you can get 32-bit performance with 8-bit simplicity 
using Microchip’s broad portfolio of 16-bit PIC® microcontrollers 

and dsPIC® digital signal controllers.

Register today for the 2007 16-bit Embedded Control Seminar!
This half-day seminar, hosted by Microchip’s Regional Training Centers at a city near you, 
features:

•• An overview of the benefi ts, features and capabilities of 
Microchip’s 16-bit devices to help you get to market faster

•• Demonstrations of our easy-to-use development tools and
FREE software libraries

•• A $25 registration fee, which includes a copy of the
FREE MPLAB® Integrated Development Environment

•• Upgrade your reservation to just $99 and receive the
MPLAB ICD 2 In-circuit Debugger Limited Edition and  the
16-bit, 28-pin Starter Development Board 
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where �174 dBm/Hz is the thermal noise floor, NF is the 
overall-receiver-noise figure in decibels, B is the overall re-
ceiver bandwidth, and SNRMIN is the minimum SNR. If the 
total path loss between the transmitter and the intended re-
ceiver is greater than the link budget, loss of data ensues, and 
communications cannot take place. Therefore, it’s important 
for designers developing end systems to accurately character-
ize the path loss and compare it with the link budget to obtain 
initial estimations of the range.

PATH LOSS IN INDOOR CHANNELS
The indoor-radio channel differs from the outdoor chan-

nel because the indoor channel has shorter distances to cov-
er, higher path-loss variability, and, 
thus, greater variance in the re-
ceived-signal power. However, vari-
ability in the received-signal power 
is negligible for stationary wireless 
devices. Building layout, type, and 
construction materials strongly affect 
indoor propagation. Research classi-
fies indoor channels as either line-of-

sight or obstructed channels with varying degrees of clutter 
(Reference 1). A building’s internal and external structures 
have a wide variety of partitions and obstacles. Partitions de-
pend on whether the structure is a home or an office environ-
ment. Partitions in a building’s structure are hard partitions, 
and partitions that can move and do not span to the ceiling 
are soft partitions. Houses typically use wood-frame partitions, 
whereas office buildings use soft partitions with metal-rein-
forced concrete between floors.

Partitions vary widely in their physical and electrical char-
acteristics, making it difficult to apply generic models for in-
door channels. However, extensive investigations tabulate 
signal losses for common material types (Table 1). Floor-at-
tenuation factors represent the partition loss between floors 
(Table 2). Equation 15 shows the practical path-loss model 
for indoor channels using the log-distance path-loss model:

where X is a zero-mean gaussian random variable in decibels 
and � is standard deviation. If the devices are stationary, you 
can ignore the effects of X

�
. Calculating the value of path 

loss at a distance of 1m using Equation 4 and plugging it into 
Equation 15 results in:

                PL(d)�20log10(fMHz)�10nlog10(d)�28�X
�
. (16)

The value of n does not vary much with frequency and de-
pends on the surroundings and the building type (Table 3).

An in-building propagation model includes the effect of 
building type as well as obstructions. This model provides flex-
ibility and can reduce the standard deviation between mea-
sured and predicted path loss to approximately 4 dB compared 
with 13 dB when you use only a log-distance model. Equation 
17 represents the attenuation-factor model:

            

PL(d)�20log10(fMHz)�10nSFlog10(d)�28�FAF, (17)

where nSF represents the path-loss exponent value for the same 
floor measurement and FAF is the floor-attenuation factor 
(Table 3). You can determine the FAF value from (Table 2). 
The following examples demonstrate how to use the foregoing 
tables and equations: For example, calculate the path loss for 
an outdoor free-space environment at a distance of 1200m at 
915 MHz and 2.4 GHz. Using 

                              20log10(fMHz)�20log10(d)�28, (18)

you can deduce PL at:

                         915 MHz�20log10(915)�20log10(1200)
                                        �28�92.8 dB, (19)

and PL at:

                 2400 MHz�20log10(2400)�20log10(1200)
                                    �28�101.2 dB. (20)

Propagation at a higher frequency results in higher path losses, 
which results in the reduction of wireless-transmission ranges 
at higher frequencies: For example, wireless devices operating 
in the 2.4-GHz range suffer from an approximately 8.4-dB re-
duction in path loss compared with a device operating at 915 
MHz in an outdoor, free-space environment.

In another example, using the information in Table 2, calcu-
late the path loss for an indoor-office environment with hard 
partitions at a distance of 100m at 915 MHz and 2.4 GHz across 
the same floor and three floors. For the same floor, from Table 
3, the average path loss is 3 dBm. Using this value of n�3 in:

                20log10(fMHz)�10log10(d)�28�X
�
, (21)

yielding PL at:

                  915 MHz�20log10(915)�10(3)log(100)
                                   �28�X

�
�91.2 dB, (22)
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TABLE 3 PATH-LOSS EXPONENT AND STANDARD 
DEVIATION IN DIFFERENT BUILDINGS

Building
Frequency 

(MHz)

Path-loss 
exponent, 

n

Standard 
deviation 

(dB)

Retail store 914 2.2 8.7

Grocery store 914 1.8 5.2

Offi ce, hard partition 1500 3 7

Offi ce, soft partition 900 2.4 9.6

Offi ce, soft partition 1900 2.6 14.1

Factory, line of sight 1300 2 3

Suburban, indoor street 900 3 7

Factory, obstructed path 1300 3.3 6.8

( ) ( ) log100 10
0

= +
⎛
⎝⎜

⎞
⎠⎟

P d P d n
d

dL L ++ Xσ , (15)
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where ��7 dB. And PL at: 

                      2400 MHz�20log10(2400)�10(3)log
                              (100)�28�X

�
�99.6 dB, (23)

where ��14 dB.
From Table 2, you can calculate the FAF for propagation for 

three floors as approximately 24 dB with a standard deviation 
of 5.6 dB. Using the information in

                     20log10(fMHz)�10nlog10(d)�28�X
�
, (24)

you can deduce PL at:

                 915 MHz�20log10(915)�10(3)log10(100)
                                   �28�24�115.2 dB, (25)

where ��5.6 dB, and PL at:

           2400 MHz�20log10(2400)�
             10(3)log10(100)�28�
                    24�123.6 dB, (26)

where ��5.9 dB.
In a third example, estimate the 

transmission range at 915 MHz for the 
above two examples assuming a system 
with unity-gain transmitting and re-
ceiving antennas, a transmitting power 
of 8 dBm, and a receiver sensitivity of 
�100 dBm. The system’s link budget is 
8�(�100)�108 dB.

It’s a good idea to have a link-budget 
margin of approximately 10 dB to ac-
count for the standard deviations in the 
path-loss formulas. Thus, the available 
link budget is 98 dB, which exceeds the 
path loss of 92.8 dB from the first exam-
ple; therefore, you can consider 1200m 
to be outdoor range. In the indoor en-
vironment, path loss is 91.2 dB, and the 
available link budget is approximately 98 
dB, assuming a 10-dB margin, which ex-
ceeds the path loss. Therefore, you can 
consider 100m to be the indoor range of 
that system.EDN
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 T
he use of ac-line-powered medical diagnostic, 
measurement, and treatment equipment poten-
tially exposes patients and even caregivers to the 
risk of electrical shock, burns, internal-organ dam-
age, and cardiac arrhythmias directly due to leak-
age current resulting from improper grounding and 

electrical isolation. The electrical 
conductivity of body fluids and the 
presence of various conductive so-
lutions and gels in the patient care 
make the treatment environment 
even more potentially dangerous. 
The use of gels substantially re-
duces the normally high resistance 
of the skin—greater than 50�. A 
second significant hazard results 
from potential electrical emissions 
among the diagnostic and treat-
ment devices, which can degrade 
the performance of other nearby 
medical devices. As a result, many 
regulations from agencies ranging 
from the US FDA (Food and Drug 
Administration), the EU (Euro-
pean Union), and other safety and 
regulatory bodies ensure that these 
medical devices comply with the 
safety standards.

Standard IEC (International 
Electrotechnical Commission) 
60601-1 defines medical-equip-
ment electrical-safety conditions 
necessary to protect patients, oper-
ators, and the surroundings. Other 
standards define more than just 
safety requirements. For example, 
the IEC 60601-1-x collateral-stan-
dard series deals with issues such 
as EMC (electromagnetic compat-
ibility), X-ray protection, and pro-
grammable electrical medical sys-
tems. EMC is indeed an important 
criterion for medical equipment 
because the equipment cannot be 
a source of EMI (electromagnetic 
interference), which could pre-

vent accurate operation of other medical equipment and must 
be immune to potential EMI in the operating environment. 
Since November 2005, medical equipment has had to comply 
with the updated IEC 60601-1-2:2001 EMC standard.

In the portions of the medical equipment transmitting dig-
ital data, designers can isolate sensitive circuitry or patients 

BY YEO SIOK BEEN, JAMSHED NAMDAR KHAN, AND DEREK CHNG PENG HUI • AVAGO TECHNOLOGIES

Designing medical devices 
for isolation and safety
OPTOCOUPLERS, ALONG WITH SOUND DESIGN PRACTICES, PROVIDE 
EFFECTIVE ISOLATION FOR MEDICAL EQUIPMENT AND PROTECT 
PATIENTS FROM POTENTIALLY DANGEROUS LEAKAGE CURRENTS.

HIGH
VOLTAGE

DEFIBRILLATOR-CONTROL BLOCK

Figure 2 A defibrillator device uses optical isolation to separate the high-voltage-pulse section 
from the device’s low-voltage control electronics.
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Figure 1 A front-end module in an ECG machine indicates the use of galvanic isolation 
devices, or optocouplers, to isolate patient electrodes from the machine’s electronics.
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from high-voltage environments using opto-
coupler- or transformer-based approaches. Op-
tocoupler-based techniques have in the past 
been able to support only limited data rates, 
which led to the use of transformer-based isola-
tion. This approach provided the requisite data 
rates but generally required more components 
taking up more space on a PCB (printed-cir-
cuit board) and a more complex design. This 
situation has changed with the introduction of 
optocouplers capable of higher data rates and 
improved timing characteristics.

REINFORCED GALVANIC ISOLATION
Unlike functional isolation, reinforced iso-

lation both protects from electric shock and 
ensures that a design is fail-safe—a mode of 
system termination that automatically leaves 
system processes and components in a secure 
state when a failure occurs or when a system 
detects a failure (Reference 1). This feature is 
critical for medical equipment, such as an ECG 
(electrocardiograph) system or a defibrillator 
(figures 1 and 2, respectively). Optocouplers 
providing reinforced isolation are certified un-
der IEC/EN/DIN (Deutsches Institut für Nor-
mung) EN 60747-5-2, which is an internation-
al standard for optically isolated semiconductor 
components. 

To meet the IEC-60601-1 medical standards’ 
insulation requirements, optocouplers must 
have UL (Underwriters Laboratories) 1577 or 
IEC 60747-5-2 certification and must meet component-creep-
age, external-clearance, and test-voltage requirements de-
pending on the insulation level of the interface. The certifica-
tion defines creepage distance as the shortest surface path over 
a solid dielectric between two galvanically isolated conduc-
tors. The external-clearance distance is the shortest distance 
through air, or “line-of-sight” distance, between two galvani-
cally isolated conductors.

When operating at working voltages 
higher than 50V rms, 71V peak, or dc 
and for reinforced-insulation-level appli-
cations, the DTI (distance through isola-
tion) must be at least 0.4 mm (Reference 
2). The DTI is the internal-clearance 
distance between conductors inside an 
insulation device, such as that between 
the LED and the detector inside an opto-
coupler or optoisolator (Figure 3). To il-
lustrate the typical specification require-
ments for medical equipment, Table 1 
summarizes IEC 60601-1. Table 2 shows 
specifications of optocouplers that meet 
the IEC 60601 requirements for insultion. 
The Type 1 requirement targets devices 
operating at less than 70V, which require 
only basic insulation, and the Type 2 re-

quirement targets equipment that operates at voltages greater 
than 70V and thus requires reinforced insulation or a similar 
level of protection.

To meet EMC requirements in IEC 60601-1-2, medical de-
vices must be immune to ESD (electrostatic discharge), RFI 
(radio-frequency interference) from nearby transmitters and 
other sources, and power disturbances that cause device mal-

functions (Table 3). In addition to these 
requirements, the device’s own emissions, 
through either conduction or radiation, 
may interfere with licensed communica-
tions sources or other equipment and thus 
should be minimal (Table 4). The devic-
es must have ESD protection as high as 
8 kV through air and 6 kV on contact. 
They must be immune at frequencies of 
80 MHz to 2.5 GHz and 3V/m of RF elec-
tromagnetic force for non-life-supporting 
equipment and 10V/m for life-support-
ing equipment. These tests are essential 
performance criteria, in that they cannot 
have any component failures, changes in 
programmable parameters, resetting to fac-
tory defaults, changes of operating modes, 
or false alarm. Properly designed optocou-
plers are more immune to EMI than are 
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TABLE 1 IEC 60601-1 SAFETY-STANDARD REQUIREMENTS

Working 
voltage1 

(VDC)

Working 
voltage1 
(V rms) 

Insulation 
type

Creepage 
(mm)

Clearance 
(mm)

Distance 
through insu-
lation3 (mm)

Test voltage 
(V rms for 
1 minute)

17 12
Basic2 1.7 0.8 500

Reinforced2 3.4 1.6 800

34 30
Basic 2 1 500

Reinforced 4 2 800

85 60
Basic 2.3 1.2  765

Reinforced 4.6 2.4 0.4 1224

177 125
Basic 3 1.6  1000

Reinforced 6 3.2 0.4 1733

354 250
Basic 4 2.5  1494

Reinforced 8 5 0.4 2390

566 400
Basic 6 3.5  1864

Reinforced 12 7 0.4 2982

707 500
Basic 8 4.5  2060

Reinforced 16 9 0.4 3000

934 660
Basic 10.5 6  2343

Reinforced 21 12 0.4 3000

1061 750
Basic 12 6.5  2508

Reinforced 24 13 0.4 3000

1414 1000
Basic 16 9  2868

Reinforced 32 18 0.4 3000

1  Working voltage is the voltage to which the relevant insulation is subjected in normal use and 
rated supply voltage, whichever is greater. 

2 Class 1 equipment uses basic insulation; Class 2 equipment uses reinforced insulation.
3  The IEC 60601-1, third edition only recently instituted the DTI requirements for medical equip-

ment, and they are identical to the DTI requirements from IEC 60950 (information-technology 
equipment).

DETECTOR

LED

DISTANCE
THROUGH

INSULATION

Figure 3 The distance through insula-
tion is the internal-clearance distance 
between conductors in an insulation 
device.
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other isolation devices, such as transformers, because optocou-
plers transmit signals through optical radiation between the 
LED light source and the photodiode. Tests on optocouplers 
have demonstrated their ability to withstand ESD voltage as 
high as 11 kV (Reference 1). Optocouplers are effective in 
passing the intended differential-mode signals and blocking 
the unintended common-mode currents and resulting ground-

offset voltage that can result from ground-loop currents.
In summary, available optocouplers clearly meet the general 

medical-safety requirement that IEC 60601-1 defines. In addi-
tion, optocouplers provide excellent EMI and emit no electro-
magnetic waves, which is now an important measure for medi-
cal-equipment certification.EDN
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TABLE 4 IEC 60601-1-2 EMI REQUIREMENTS

Emissions test Guidance 

RF emissions
CUSPR 11

To measure the electromagnetic energy that is 
generated internally for it to perform its intended 
function that may interfere with any nearby equip-
ment.

Conducted emissions
CUSPR 11

To measure the effects of emissions conducted 
onto ac-power lines.

Harmonic emissions/
fl icker emissions
IEC 61000-3-3

To measure the harmonic frequency injected into 
the public mains network for equipment and sys-
tems with a rated input current as high as 16A per 
phase and that are intended to be connected to it.

Voltage fl uctuations/
fl icker emissions
IEC 61000-3-3

To measure the emissions, fl uctuations, and fl icker 
injected into the public mains network for equip-
ment and systems with a rated input current as 
high as 16A per phase and that are intended to be 
connected to it. 

TABLE 3 IEC 60601-1-2 IMMUNITY REQUIREMENTS

Immunity test IEC 60601 test level

Electrostatic discharge (ESD)
IEC 61000-4-2

±6 kV contact
±8 kV air

Electrical fast transient/burst
IEC 61000-4-4

±2 kV for power-supply lines
±1 kV for I/O lines

Surge
IEC 61000-4-5

±1 kV lines to lines
±2 kV lines to lines

Voltage dips, short interrup-
tions, and voltage variations 
on power-supply-input lines
IEC 61000-4-11

Less than 5% Ur
(greater than 95% dip in Ur) for 0.5 cycle
40% Ur
(60% dip in Ur) for fi ve cycles
70% Ur
(30% dip in Ur) for 25 cycles
Less than 5% Ur
(greater than 95% dip in Ur) for 5 sec

Power frequency (50/60 Hz) 
magnetic fi eld
IEC 61000-4-8

3A/m

 NOTE: Ur is the ac-mains voltage before application of the test level.

TABLE 2 IEC 60601-1-COMPLIANT INSULATION

Type 1 requirements Type 2 requirements
Example of optocouplers 

meeting Type 11
Example of optocouplers 

meeting Type 22

Interface type Less than 70V dc More than 70V dc Less than 70V dc More than 70V

Insulation type Basic Double Reinforced Reinforced

Creepage (over-surface spacing) 4 mm 8 mm 4 mm or more 10 mm

External clearance (through-air spacing) 2.5 mm 5 mm 4 mm or more 9.6 mm

Distance through isolation (DTI) NA 0.4 mm 0.08 mm or more 1 mm

Dielectric-strength level 1.5 kV 4 kV 3.75 kV or more 5 kV

Standard required UL 1577 and IEC 60747-5 UL 1577 and IEC 60747-5 UL 1577 and IEC 60747-5 UL 1577 and IEC 60747-5

Example Patient-acquisition module Electrocardiograph device Patient-acquisition module Electrocardiograph device

Reproduced with permission of Gary Powalisz, GE Healthcare. 
1 Example: Avago Technologies HCPL-xxxx (HCPL-0723), ACPL-xxxL series.
2  Example: Avago Technologies HCNWxxx (HCNW2611) series. Certain Avago Technologies optocouplers (wide-body-package series: HCNWxxx as well as 

DIP-8 package with option -020) offer a minimum isolation voltage of 5 kV rms/1 minute per UL 1577 and CSA component acceptance notice No. 5.

1

2

3

4

5
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 A
utomotive-electronics content is expanding at 
an ever-increasing pace. Today, an average car 
has 25 to 35 microcontrollers; approximately 
half of those are 8-bit units. High-end vehicles 
can easily have 80 or more microcontrollers. 
With rising energy costs fueling an explosion 

of hybrid technologies and car buyers demanding more com-
fort features and conveniences, automakers look to electron-
ics for the solutions. This search translates to a dramatic rise 
in the need for computing power under the hood and in the 
cabin. The system challenge that all that computing pow-
er creates is a greater demand for electrical power. Because 
increasing the electrical capacity of the car generally adds 
weight and reduces fuel economy, the alternative is to either 
use less power or make more efficient use of the available 
power in the car. 

In cars, an alternator supplies 100A or more to handle the 
loads, so saving a few microamps may seem unimportant. In 
fact, the biggest concern for saving power in the automotive 
market is for key-off modes, which stay on when the ignition 
key is off and the car is parked. In many cases, the microcon-
troller is the largest consumer of power in the key-off mode, 
rivaled only by wireless communications, such as the trans-
mitter/receiver. The power consumption is a function of how 
frequently you power up the microcontroller and what type of 
operation it is performing. These microcontrollers must wake 
up periodically from a sleep mode based on a very-low-pow-
er oscillator. They quickly come up to 
operation, perform a required function, 
and then go back to sleep. A good exam-
ple is a keyless-entry system in the body 
controller. This system wakes up periodi-
cally to see whether the key fob has sent 
a signal to open the doors.

In the key-off mode, automotive and 
consumer-electronics applications are 
similar in that they are both battery-
powered. In portable electronics, power 
consumption is a major design consid-
eration because it directly impacts bat-
tery life and the useful operation of the 
product. Fortunately, with the latest mi-
crocontrollers, designers can reduce pow-

er consumption, and the same principles apply to any power-
conscious application.

Historically, at the module level, the maximum current 
draw under a key-off situation was 1 mA. With the increas-
ing number of modules and loads that are active during the 
key-off mode, most carmakers are implementing or consider-
ing a maximum current draw of a fraction of this level. For 
example, as Table 1 shows, at Volkswagen, the initial Golf 
had three modules (Reference 1). The number increased to 
five, 11, 18, and, finally, 25 in the current Golf V model. The 
table also shows the corresponding changes in total vehicle 
sleep current.

Many of the largest gains in efficiency will be in comfort and 
convenience systems, in which the predominant hardware ar-
chitecture is the 8-bit microcontroller. These systems have a 

BY MATT RUFF  •  FREESCALE SEMICONDUCTOR

Reducing power 
consumption in battery-
powered applications
USING THE LOWER POWER MODES OF ADVANCED MICROCONTROLLERS 
MEANS LESS BATTERY DRAIN IN PARKED AUTOMOBILES AND LONGER 
BATTERY LIFE IN PORTABLE CONSUMER PRODUCTS.

POWER
CONSUMPTION

POWER MODES, INCREASING PERFORMANCE

STOP MODES WAIT MODES RUN MODES

API AND 
RTC ONLY
RETAINED

PARTIAL 
RAM AND
 I/O STATE 
RETAINED

ALL RAM, 
I/O, AND

REGISTERS 
RETAINED

CLOCK STILL 
ON BUT

CPU NOT 
CLOCKED PARTIAL- 

RUN MODE,
SUBSET OF 
MODULES
ENABLED

FULL-RUN 
MODE, ALL
MODULES 
ENABLED

MAY 24, 2007  |  EDN  81

TABLE 1 VOLKSWAGEN GOLF TRENDS
Volks-
wagen 
model

No. of 
modules

Total vehicle sleep 
current (mA)

Sleep current per 
module (mA)

Golf I Three 8.3 2.766

Golf II Five 10.5 2.1

Golf III 11 16.2 1.473

Golf IV 18 21.3 1.183

Golf V 25 15.4 0.618

Figure 1 Flexible low-power modes allow progressively lower power consumption as 
active circuitry’s performance decreases.
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relatively large number of electronic components, and auto-
makers continue to add more comfort and convenience features 
to a wider number of vehicle platforms. Depending on the de-
sign, the microcontroller can be a significant or a small part of 
the problem. With some of the latest microcontroller consider-
ations for power, the microcontroller can become a part of the 
solution and provide the means to satisfy lower current require-
ments. This approach requires implementing the power-saving 
features of the next generation of 8-bit microcontrollers. 

DECREASING POWER CONSUMPTION
Highly customizable features, such as variable clock speeds 

and multistage power-down modes, allow system designers to 

optimize microcontroller performance to suit not only the 
computing requirements of the application, but also the in-
creasingly important power budget. More advanced clock gen-
eration also allows the user to choose how the microcontroller 
generates clocks to maximize the performance for a given 
power-consumption level. Periodic wake-up capabilities and 
the ability to wake up the microcontroller based on network 
communications or other outside signals allow the device to 
remain switched off until a user needs it, further extending 
power savings. These low-power options couple with system-
protection features, such as low-voltage detection, which en-
sure that the application continues to operate safely while 
running on minimal power. These advanced capabilities hold 
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RUN MODE
EXTERNAL EVENT TRIGGERS RUN MODE,
FAST START-UP WITH 4-MHz-BUS SELF-CLOCK MODE

STOP 2 WITH AVERAGE WAIT TIME/
REAL-TIME CLOCK ENABLED
INTERNAL 2-kHz WAKE-UP OSCILLATOR ON,
RAM AND I/O CONTENTS POWERED,
TYPICALLY, 700 nA AT 2V

RUN MODE
AVERAGE WAIT TIME/REAL-TIME CLOCK TRIGGERS RUN MODE.
CHECK WHETHER HIGH-SPEED SERVICE IS NECESSARY;
IF NOT, GO BACK TO STOP 2 WITH AVERAGE WAIT TIME ENABLED

RUN MODE
HIGH-SPEED SERVICING IS REQUIRED:
INCREASE BUS SPEED TO 20 MHz WITH
INTERNAL CLOCK GENERATOR
COMPLETE TASK, THEN GO BACK TO 
STOP 2 WITH AVERAGE WAIT TIME

STOP 1
DEVICE TIMES OUT, ENTER
STANDBY POWERDOWN,
TYPICALLY 20 nA AT 2V

STOP 1
STANDBY POWERDOWN,
TYPICALLY, 20 nA AT 2V

COMPARATIVE
POWER

CONSUMPTION

Figure 2 The power-consumption profile for stop and run modes includes a periodic wake-up.

RUN MODE
5 SECONDS ELAPSED, MAIN APPLICATION 
RUNS, INCREASES BUS FREQUENCY 
TO QUICKLY COMPLETE TASK

RUN MODE
DEFAULT FREQUENCY BUS 
TO INCREMENT COUNTER

TIME

STOP 3 WITH REAL-TIME
INTERRUPT ENABLED
INTERNAL 1-kHz OSCILLATOR

STOP 3 WITH REAL-TIME
INTERRUPT ENABLED
EXTERNAL 32-kHz OSCILLATOR

POWER
CONSUMPTION

Figure 3 Extend battery life with clock management by implementing periodic wake-up and using a lower clock frequency in the run 
mode to reduce the average power consumption.
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the key to ever-more-efficient automotive-
electronic systems and extend the electronic-
content capacity of tomorrow’s vehicles.

The traditional high-level power strate-
gies still apply. First, turn off power-consum-
ing circuitry whenever possible, and, second, 
minimize the operating frequency of the sys-
tem under all conditions. The newest micro-
controller designs include more options for 
the system designer to reduce power consump-
tion in many of the available modes. Specif-
ic modes allow the system designer to reduce 
power whenever possible by switching on on-
ly the necessary portions of silicon. 

The modes include several stop or deep-
sleep states; an intermediate wait or doze 
state; a modified run mode, which is a sub-
set of microcontroller awake; and run mode, 
when the chip is fully awake (Table 2). Con-
sumer and industrial applications use the Stop 
1 mode, which is not available for automotive 
microcontrollers that operate at 5V. The consumer and in-
dustrial applications typically have lower operating voltages 
(Reference 2). The lowest power-consumption mode, Stop 
1, is basically a shutdown mode, with a typical drain-to-drain 
current as low as 20 nA at 2V. This mode leaves only active 
circuitry, such as an interrupt pin or a pin input, powered to 
allow the unit to wake up. In this state, the microcontroller 
wakes up on an external event, edge, or level trigger. The 
trade-offs of this mode are that is loses RAM content, it re-
sets all register contents, and it puts the I/O pins in the reset 
state.

In a partial power-down mode, such as Stop 2 with a drain-
to-drain current as low as 400 nA at 2V, the microcontroller 
wakes up with an IRQ (interrupt request), reset, or internal 
RTI (real-time interrupt) but does not lose the RAM con-
tents, and the I/O states are latched. The RTI can wake up the 
microcontroller without the occurrence of an external event. 
One limitation is that the register values are reset; however, 
you can save those values to RAM and restore them.

Another partial power-down mode, such as Stop 3 with a 
typical drain-to-drain current as low as 500 nA at 2V, is com-
parable with earlier microcontroller stop modes in that wake-
up occurs with any active interrupt, including IRQ, KBI (key-
board interrupt), LVD (low-voltage detection), RTI, or reset. 
In addition to retaining RAM and register values without re-
quiring initialization of peripherals, the system can use an ex-
ternal clock as a high-accuracy input into the RTI. The trade-
off for this mode is higher current draw.

Because the CPU is the most power-hungry block on the 

microcontroller, you should switch it off as often as possible. 
To increase the number of times and situations in which you 
can turn them off, microcontrollers may employ a number of 
autonomous peripherals that require no CPU to operate. Key 
autonomous peripherals include the RTI, which allows the 
microcontroller to recover from a very-low-power state at se-
lectable time intervals, and an RTC (real-time clock), which 
allows timekeeping functions in a very-low-power state. In ad-
dition, the ADC can perform continuous conversion while 
running in low power and trigger a wake-up when the signal 
reaches a user-defined level.

The RTI and ADC are parts of the fast-wake-up mecha-
nisms that allow the microcontroller to more frequently en-
ter stop modes at the lowest power-consumption level. These 
blocks increase the speed at which the device can recover 
from low-power modes and start execution. Once a clock is 
present, reconfiguration and non-timing-critical operations 
can start. However, very fast wake-up requires an on-chip 
IRC (internal reference clock), which enables almost imme-
diate operation.

A variety of low-power-clock sources provide system design-
ers options in start-up time and accuracy for lowering power 
consumption depending on the system’s performance require-
ments (Table 3). The ability to implement variable clocking 
allows throttling back the frequency for lower current and 
powering up the clock rate to full speed when math-intensive 
computing is required.

With the new power-savings tools, designers have great-
er flexibility in making power-versus-performance decisions 
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Figure 4 Reducing the average current draw has different impacts on battery life. 
The lowest levels of stop-, wait-, and run-mode current maximize battery life to 
meet 10-year operating-life goals.

TABLE 2 STOP MODES

Mode
CPU, digital 

peripherals, fl ash RAM
Interactive com-
puter graphics

Arrival-time 
difference

Keyboard 
interrupt Regulator I/O pins

Real-time 
interrupt

Stop 1 Off Off Off Disabled Off Off Reset Off

Stop 2 Off Standby Off Disabled Off Standby States held Optionally on

Stop 3 Standby Standby Standby Disabled Optionally on Standby States held Optionally on
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(Figure 1). The figure identifies power modes with increas-
ingly higher power consumption in stop, wait, and run modes. 
This flexibility leads to lower power consumption with a 
properly implemented power-management strategy. One 
of the strategies for reduced power consumption is periodic 
wake-up, which couples with the power-management modes 
(Figure 2). Even microcontrollers without an extremely low-
power mode can extend battery life using a power-manage-
ment scheme that uses other available stop modes (Figure 3 
and Reference 3).

From a systems approach, analog power-management ICs 
can augment the power savings in the microcontroller por-
tion. Freescale calls these power-management chips SBCs 
(systems base chips), which have many aspects and varia-
tions. The fundamental pieces include voltage regulation; 
input- and output-drive circuitry; and, 
frequently, a physical layer for the com-
munications protocol, such as a CAN 
(controller-area-network) or LIN (local-
interconnect-network) transceiver (Ref-
erence 4). The key aspect is the voltage 
regulation for the microcontroller with 
a built-in communication module. With 
the combination of one analog IC and 
the microcontroller, you can put the en-
tire system into the sleep mode with the 
microcontroller’s power off and the regu-
lator shut down to save even more power. 

Network activity turns the regulator back on, which powers 
up the microcontroller, allowing the system to perform the 
required operations. This approach saves the most current be-
cause it involves advanced power-saving capabilities, and de-

signers can do several tricks to save even 
more power. 

One automotive application with sim-
ilar requirements to those of consum-
er products is the TPMS (tire-pressure-
monitoring system). With the complete 
electronic system, including the micro-
controller, sensors, transmitter/receiver, 
and the battery mounted inside the tire, 
a TPMS works just like any other bat-
tery-powered device—except that the 
user cannot replace the battery. This au-
tomotive application and others like it 
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TABLE 3 CLOCK SOURCES AND THEIR ATTRIBUTES
Clock source Start-up time Power Accuracy

Internal reference Less than 100 �sec Low Less than 2%

Internal reference with 
frequency-locked loop

Less than 100 �sec Low Less than 2%

External reference Milliseconds Medium Crystal

External reference with 
frequency-locked loop

Milliseconds High Less than 1%

External reference with 
phase-locked loop

Milliseconds High Less than 1%
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Industry-Leading Voltage-Level
Translation ICs

Device Bit Width VccA (V) VccB (V) ESD Protection Smallest Package
Auto-Direction Sensing Translators*
TXS0102 2 1.65 to 3.6 2.3 to 5.5 8-kV HBM 8-bump WCSP
TXS0104E 4 1.65 to 3.6 2.3 to 5.5 10-kV Air Gap 

Discharge (IEC)
12-ball BGA

TXB0104 4 1.2 to 3.6 1.65 to 5.5 15-kV HBM 12-ball BGA
TXB0108 8 1.2 to 3.6 1.65 to 5.5 15-kV HBM 20-ball BGA
Application-Specific Translators 
(Memory Card Interface)
AVCA406 1.4 to 3.6 1.4 to 3.6 15-kV Air Gap 

Discharge (IEC)
48-ball VFBGA

AVCA406L 1.2 to 3.6 1.2 to 3.6 6-kV HBM 20-ball VFBGA
CF4320H 1.65 to 3.3 3.3 to 5 15-kV HBM 114-ball LFBGA
Dual-Supply Configurable Translators*†
SN74AVC1T45 1 1.2 to 3.6 1.2 to 3.6 2-kV HBM 6-bump WCSP
SN74AVC2T45 2 1.2 to 3.6 1.2 to 3.6 8-kV HBM 8-bump WCSP
SN74AVC8T245 8 1.2 to 3.6 1.2 to 3.6 8-kV HBM 24-pin QFN
SN74AVC16T245 16 1.2 to 3.6 1.2 to 3.6 8-kV HBM 56-ball VFBGA
SN74AVC32T245 32 1.2 to 3.6 1.2 to 3.6 8-kV HBM 96-ball LFBGA
      

* Other bit-width options available.  † Bus Hold feature available.
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demand the maximum effort to reduce microcontroller-power 
consumption. The rule of thumb in a TPMS is a 10-year bat-
tery life. The coin-cell lithium-ion battery in these applica-
tions typically has 1100-mAhr capacity, but companies work-
ing on these systems want to shrink the battery. Design goals 
to reduce the battery size to at least half of this level make ag-
gressive power-management efforts even more important. A 
TPMS could implement as many as four stop modes, a wait 
mode, and a run mode to reduce power consumption and meet 
the 10-year target life when the average current is below 2 �A 
(Figure 4).

Because lower power consumption and optimized pow-
er management have become integral parts of system de-
sign, microcontroller designers will continue to squeeze 
current levels to provide very-low-power-rated products. In 
the future, the lowest power-consumption microcontrollers 
will have even lower current by reducing the contribution 
from digital circuitry and by using library and process mod-
ifications. In addition, reducing the voltage output of the 
voltage regulator and implementing new low-power run 
and wait modes will take power consumption to even lower 
levels.EDN
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 C
ontinuing increases in the speed of semicon-
ductor devices combined with higher levels of 
integration, on-chip wireless functions, and the 
usage of mixed-signal-device designs are driv-
ing new requirements for wafer-level-RF meas-
urement. Many device categories that system 

designers have thought of as purely digital now include on-
chip wireless functions. Therefore, parameters such as unity-
current-gain crossover frequency and maximum frequency of 
oscillation have become even more critical for large groups 
of design and test engineers. Meanwhile, the march to higher 
speed continues even for standard logic devices. Also, RF is 
becoming more necessary for isolating, measuring, and mod-
eling some key parameters in advanced processes, especially 
those that use advanced dielectrics. A key advantage of wafer-
level-RF measurements is the fact that making measurements 
at the wafer state reduces development time by eliminating 
the time that it takes to package a die before testing. Also, 
measuring the device in the prepackage state eliminates po-
tential disturbances from the package itself. The upshot is that 
many engineers who once relied primarily on low-frequency 
or dc measurements are now adding RF to their test suites.

FROM DC TO RF CHARACTERIZATION
Engineers who are currently relying on dc characterization 

need to be aware of the significant changes they must make 
when they move to RF techniques. DC characterization meas-
ures currents or voltages using meters and sources and provides 
a simple response that is not phase-dependent. Occasional dc-
test-instrument calibration is necessary. Service personnel often 
perform this calibration at regularly scheduled service intervals, 
so users do not give much thought to calibration issues.

RF characterization, on the other hand, measures RF phase 
and magnitude using S parameters (scattering parameters) and 
reflection ratios. The RF technique is analytically convenient 
and provides a complex response, and the calibration process 
is central to making accurate measurements. For example, un-
less you properly analyze and characterize reflection ratios for 
the test apparatus and cabling, you can’t accurately extend the 

measurement-reference plane to a wafer device using probes 
and cables. RF techniques rely heavily on frequent calibration 
(Figure 1).

RF-MEASUREMENT METHODS
With RF measurement, a number of practical issues can add 

challenges to achieving highly accurate results. Figure 2 il-
lustrates the contrast between an ideal RF and the real-world 
environment. Figure 2a shows the RF stimulus. In the ideal 
system, the RF source stimulates the DUT (device under test). 
Meanwhile, the acquisition system samples the magnitude 
and phase of the incoming or incident signal, the reflected 
signal, and the transmitted signal. Of course, you must ter-
minate the device output in impedance that matches that of 
the test system. In an ideal system, by looking at the phase 
and magnitude of the three signals—incident, reflected, and 
transmitted—you can easily make such measurements as gain, 
delay, and reflection coefficient. However, in a real-world en-
vironment, extending the measurement reference plane to a 
device on a wafer or substrate is challenging because, at high 
frequency, you can’t easily define exactly where the measure-
ment system ends and the DUT begins (Figure 2b).

Items such as cables, couplers, connectors, and probes com-
bine to create a nonidealized test situation. You must even 
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ICs require wafer-level-RF 
measurements
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Figure 1 Compared with dc measurements (a), RF measure-
ments are more complex because they involve the added dimen-
sion of time or phase and their accuracy and stability depend 
strongly on frequent calibration (b).
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consider the nonideal nature of the network 
analyzer. You can think of the RF-measurement 
system—the total system with all its elements—
as an RF instrument with an error-adapter net-
work that models the system’s nonideal compo-
nents. Only by modeling the system’s nonideal 
components can you correct for such errors as 
poor response or noisy data and assure yourself 
of repeatable measurements. Ultimately, the sys-
tem accuracy depends on the model’s accuracy.

So, although calibration is important, consis-
tently obtaining correct data critically depends 
on the repeatability of the measurement system 
itself. Without repeatability, no amount of vec-
tor-error correction or calibration can correct 
for random errors, such as noise or changes in 
attenuation, electrical length, phase, or other 
environmental factors. Therefore, when you ex-
tend the measurement-reference plane to the 
wafer, you must use high-quality components to 
minimize systematic errors.

ACCURATE RF MEASUREMENT
The key system elements you need to achieve 

accurate and repeatable RF measurements are 
precision RF-wafer probes, cabling, impedance 
standards, and disciplined calibration and val-
idation. RF probes provide the vital link be-
tween the test system and the DUT. Although 
RF-wafer probes first emerged many years ago, 
high-quality probes’ basic characteristics haven’t 
changed much over time. To deliver repeatable 
S parameters, an RF-wafer probe should exhibit 
a low return loss and low insertion loss, along 
with low—and highly repeatable—contact re-
sistance. Low signal-to-signal crosstalk is desir-
able for dual-line RF probes. Also, it is important 
to minimize parasitic coupling at the probe tip, 
which can cause inaccuracy. Precision RF probes 
are essential for measurement of such properties 
as gain, return loss, and VSWR (voltage-stand-
ing-wave ratio).

Of course, the probe needs to match the DUT 
layout. Most RF probes have two or three con-
tact points at the probing end—either a two-
contact GS (ground-signal) probe or three-con-
tact GSG (ground-signal-ground) probe, with 
some dual or specialized probes providing even 
more contacts.

Figure 3 illustrates some of the parasitics that 
come into play when you use a probe to contact 
a wafer device. The yellow portion of the dia-
gram shows the probe needles, and the blue sec-
tion shows the DUT. The ground in the figure is the back 
surface of the wafer. As you can see, parasitics are factors with 
both the on-wafer probing pads and the probe needles.

The contact-pad size can affect the parasitic values and can 
cause differences even when you use a calibration standard. 

Through proper design and by properly selecting probes, you 
can minimize parasitics at the probe tip. The objective is to 
keep parasitics small and repeatable. Figure 4 compares some 
common RF-probe-tip approaches and contrasts GS pads with 
GSG and a microstrip configuration with shielding. Figure 4a 
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Figure 3 Although unexpected leakage resistance is occasionally a problem 
with certain dc measurements, you must count on having to deal with parasitic 
capacitance and inductance in all RF measurements.
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shows a two-contact GS-probe configuration with some of the 
fringing fields on one side coupling to the wafer or to the wa-
fer chuck. Because of the lack of field control, you should not 
use GS probes for frequencies higher than 10 GHz. Figure 4b 
shows a GSG probe. As you can see, by controlling the ground 
path directly through the probe tip, this three-contact config-
uration does a much better job of terminating the field lines. 
Some minor interaction occurs with the DUT, but the fields 
on both sides of the DUT are consistent, making the three-
contact approach better for higher frequencies. Figure 4c il-
lustrates an advanced configuration in which the probe tip 
uses a microstrip line with a coplanar transition at the probe 
needles. Microstrip transmission lines on the probe’s thin-film 
tips confine fringing fields more tightly than do conventional 
flexible coplanar tips, and the resulting improved field con-
finement reduces unwanted coupling to nearby devices or 
other probe tips, thus increasing RF-measurement accuracy. 
Besides preventing the field lines from interacting with the 
DUT, microstrip minimizes crosstalk, which makes it possible 
to configure dense, fine-pitch multitip probes that simultane-
ously handle more test points and higher frequencies.

RF CABLING
Whereas much of the focus is correctly on the probe inter-

face, you should also consider the importance of proper RF-ca-
bling design, configuration, and quality. Although cabling rep-
resents a relatively small percentage of the overall test-system 
cost, in an RF-test environment, skimping on cabling or as-
suming that just any cable will do the job never makes sense.

Cables should provide low attenuation, high flexibility, and 
highly repeatable electrical recovery following flexure. In ad-
dition, they should exhibit consistent phase stability over a 
range of temperatures, especially because you make many RF 
measurements while holding the target devices at elevated 
temperatures. Just a few degrees of temperature change can 
significantly affect the electrical length of a low-quality cable. 
To minimize undesired effects, you must use stable, carefully 

specified cables and keep them clean and properly torqued. 
Too often, cables have been lying around the lab for years and 
are of unknown quality. Dirt, nicks, and excessive torque often 
compromise the cable connector, even though the cable ma-
terial itself may be good. Some users go to great pains to use 
low-cost cables, taping them down so that they don’t pick up 
vibration from movement in the room and to protect them 
from drafts and vibration from air-conditioning units and the 
like. Despite such precautions, such systems still experience 
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Figure 4 A GS probe is unsuitable for measurements higher than 
10 GHz; GS pads fringe to the ground plane (a). A GSG-probe 
configuration produces more stable RF measurements than a 
simpler GS probe, provides better field termination, and is better 
for high-frequency measurements (b). The microstrip-probe con-
figuration produces more stable measurements than either of the 
others (c). It shields the DUT, reducing coupling and crosstalk.
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significant random calibration errors be-
cause, occasionally, someone bumps a 
cable with his elbow, and the cable can’t 
recover quickly enough from the shock. 
A better approach is to invest in RF ca-
bling that can withstand the demands 
of the test process and then to config-
ure and maintain the cabling in a disci-
plined manner.

STANDARDS
The final key element of an RF system 

is calibration, which is essential for highly accurate RF mea-
surements. Calibration, or vector-error correction, involves 
careful, accurate RF meas urement of known standard devices 
or impedance standards. By measuring the known standards, 
you can identify and remove undesired effects from subse-
quent measurements of the DUTs. Calibration standards typ-
ically include short, open, load, and through delay. The short 
is just that—with all probe tips contacting a common con-
ductor. You typically measure the open using a probe-in-the-
air method, with no connections for any of the probes. You 
measure load using a precision-trimmed, 50� load resistor. 
For the through delay, you use a short transmission line of 
known delay—usually 1 psec. Convenient off-wafer mount-
ing of the standards is also important to allow easy integra-
tion of calibration into the measurement process—ideally, 

with readily available standards mount-
ed as discrete independent substrates.

Accurate calibration requires a com-
bination of the impedance standards 
themselves, an off-wafer-mounting site 
for the standards, and software to man-
age the calibration and system valida-
tion. Many people are just starting to use 
RF in their test suites, and, with some 
of the new requirements, such as multi-
port and differential measurements, cal-
ibration has become more challenging, 

complex, tedious, and error-prone. Calibration-management 
software addresses these issues not only by automating the en-
tire calibration process, but also by providing guidance for sys-
tem setup, tracking of system elements, and help to users in 
understanding the process. The wizards and tutorials that are 
part of comprehensive calibration software can speed learn-
ing, more quickly get users up and running, and help with op-
timization of measurement sequences. For example, software 
can remember and track all of the probe dependencies for vari-
ous calibration values, such as which electrical values apply to 
a particular probe. This information ensures that calibration 
errors can’t occur simply because an operator enters a wrong 
value when setting up a system. If undetected, such a simple 
error can propagate a long string of incorrect values and in-
correct calibrations, resulting in numerous incorrect measure-

CALIBRATION 
INVOLVES CAREFUL, 
ACCURATE RF 
MEAS UREMENT OF 
KNOWN STANDARD 
DEVICES OR IMPED-
ANCE STANDARDS. 
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ments over an extended period. As with 
cabling, an investment in calibration 
software can greatly enhance the value 
of the entire RF system.

Many customers use only an open 
transmission line or open stub for cali-
bration validation. In measuring an 
open stub, you can look at the reflection 
coefficient on the Smith chart. With in-
creasing frequency, it should show an 
inward spiral and roll-off. If it’s a good 
match and good calibration, the open 
stub should also show a linear-phase-
transmission response.

WAFER-LEVEL ERRORS
Three of the most common errors that 

affect wafer-level RF measurement are 
incorrect probe planarization, dirty con-
nectors on cables or probes, and improp-
er probe placement on standards. Pla-
narization is the process of using the ad-
justment on the probe arm to make sure 
that all of the probe tips make contact 
with the device in a parallel plane. For 
example, with a GSG probe, it is criti-
cal that all probes come in uniform con-

tact and have equal scrub areas on the 
DUT pads. One of the tools for making 
planarization easier, a contact substrate, 
provides a check area for making probe 
contact and examining the contact 
scrub marks. You can then make probe-
planarity adjustments to ensure a good 
contact. If possible, you should use sys-
tems with dual off-wafer-mounting sites 
for both a contact substrate and an im-
pedance-standard substrate. You should 
also provide proper cable-strain relief to 
make sure that the cables don’t pull the 

probes out of planarity. In addition, cali-
bration software is useful in that it offers 
optimization tools that make it possible 
to electrically determine the consisten-
cy and integrity of probe contacts.

The second frequently encountered 
error condition relates to material accu-
mulation on cable connectors or probes. 
A simple discipline such as occasionally 
cleaning and swabbing the cable con-
nectors with isopropyl alcohol can make 
a world of difference, as can regularly 
checking the connector fit with a torque 
wrench. The probe needles themselves 
also can pick up debris over time, espe-
cially when probing on aluminum. Get 
in the habit of always checking for prop-
erly cleaned probe needles to provide 
electrical stability and low contact re-
sistance.

Visually inspect probe tips and first 
clean them with air. For standard nee-
dles, you can also use a soft brush, iso-
propyl alcohol, or both. Remember to 
brush away from the body of the probe. 
For some more advanced probes, such 
as those based on thin-film technology, 
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it’s more appropriate to use semisticky materials, such as a gel 
pack, which can cleanly attach itself to the debris and pull it 
off the probe tip.

Another common error is improper probe overtravel, or 
skate, especially when contacting impedance standards. 
“Skate” is the distance that the probe moves across a device 
or standard when you apply a downward force to make con-
tact. The degree of skate electrically affects the measurement, 
whether it is on the DUT or on a calibration standard. Both 

excessive and insufficient skate can significantly affect the re-
sults by changing the inductance of the contact interface (Fig-
ure 5). To help control this effect, calibration-standard sub-
strates typically incorporate alignment marks that allow us-
ers to adjust the amount of scrub to control overtravel and 
maintain electrical stability. Once again, proper use of soft-
ware helps. By using software to automate the calibration, you 
can get consistent probe placement—not just on the scrub, 
but also in controlling x, y, and z placement. Research has re-

peatedly proved that calibrations under 
automatic software control are more re-
peatable than those using manual probe 
placement.

As devices scale down and add func-
tions, it is clear that the need for RF-
measurement techniques is increasing. 
Also, the development of new differ-
ential, multiport devices has driven a 
movement to RF disciplines. In addi-
tion, new differential, multiport devices 
and balanced measurements rely on RF 
probes with better crosstalk performance 
and for better software to prevent errors 
due to increased calibration complexity.

Although you need to prepare for a 
future that includes RF measurements, 
the good news is that the necessary tools 
and processes have for years been in 
place and undergoing refinement. The 
most important factors are understand-
ing the key differences between RF and 
lower frequency measurements; making 
wise investment in a high-quality wafer-
level test system; and developing solid 
disciplines for system setup, calibration, 
and maintenance.EDN
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suffix -1.2K for -1200. For example, KLP 20-120-1.2K. 

TM

MORE   AT EDN.COM

 Go to www.edn.com/ms4243 
and click on Feedback Loop to post 
a comment on this article.

+
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LTC4263

Isolated
48V

To PD

Single Port PoE

Fully Autonomous Controller with Integrated FET Simplifies PSE Design

, LTC and LT are registered trademarks and ThinSOT is a
trademark of Linear Technology Corporation. All other trademarks
are the property of their respective owners.

www.linear.com/4263
Literature: 1-800-4-LINEAR
Support: 408-432-1900

The LTC®4263 is a complete, single port Power over Ethernet controller for Power Sourcing Equipment. It integrates a high-voltage
isolation FET, AC-/DC-disconnect circuitry, a fully compliant detection and classification engine, and a novel multiport power
management scheme, requiring only a few external components. The fully autonomous operating mode requires no software
and port status is optionally displayed using a flashing LED. The LTC4263 combines integrated features and simplicity with the
ruggedness and reliability of Linear’s PoE product family.

Info & Free SamplesFeatures Small Footprint, Simple Design

• IEEE 802.3af Compliant 
• Fully Autonomous Operation

without Microcontroller 
• Thermally Protected Internal MOSFET
• Power Management Works Across

Multiple Ports with Simple RC
Network

• Precision Inrush Control with
Internal Sense Resistor 

• Powered Device (PD) Detection
and Classification 

• LTC4263:  $2.95 each in 1k qty

14.5mm

9mm
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Get 700mA from
Your USB Port

High Efficiency, 1.5A Switching Battery Charger with PowerPathTM Management

, LTC and LT are registered trademarks and PowerPath and
Bat-Track are trademarks of Linear Technology Corporation.
All other trademarks are the property of their respective owners.

www.linear.com/4088
Literature: 1-800-4-LINEAR
Support: 408-432-1900

Our latest monolithic battery charger/USB power manager allows up to 700mA battery charge current from a 500mA USB
port or up to 1.5A from an AC adapter, providing faster charge times without the heat of linear chargers. In addition to
high efficiency operation, the LTC4088’s “instant-on” feature allows the end product to operate immediately when plugged
in, regardless of the battery’s state of charge or even without a battery. See the table below for the battery charger/USB
power manager that’s right for your application.

Info & Free SamplesLi-Ion/Polymer PowerPath Managers

www.linear.com/batsolutions

(Actual Size Solution)

LTC®4088

LTC4066

LTC4085

LTC4089

LTC4067

LTC4090

Switching

Linear

Linear

Linear

Linear

Linear

Part No.
PowerPath
Topology

4.35 to 5.5V
(7V max)

4.35 to 5.5V
(7V max)

4.35 to 5.5V
(7V max)

4.35 to 36V
(40V max)

4.25 to 5.5V
(13V OVP)

4.35 to 36V
(60V max)

3mm x 4mm
DFN-14

4mm x 4mm
QFN-24

3mm x 4mm
DFN-14

3mm x 6mm
DFN-22

3mm x 4mm
DFN-12

3mm x 6mm
DFN-22

Package

Bat-TrackTM, Programmable Input ILIM
Maximizes Available Power from USB Port

Integrated 50m    Low Loss Ideal Diode

Integrated 200m    Low Loss
Ideal Diode (<50m    Capable Option)

Bat-Track, “Instant-ON” Operation,
High Voltage Input Switching,

with Current Limiting from USB

Up to 1.25A Charge Current,
Integrated 200m    Low Loss Ideal Diode

Bat-Track, “Instant-ON” Operation,
High Voltage Input Switching,

with Current Limiting from USB

Comments

Timer with
C/x Indication

Timer with
C/x Indication

Timer with
C/10 Indication

Timer with
C/10 Indication

Timer with
C/10 Indication

Timer with
C/10 Indication

Onboard Charge
Termination

Input
Voltage

Free Battery Charger
Solutions Brochure
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designideas
DIs Inside
104 Precision integrator sparks 
current-ratio-to-frequency 
converter

108 Accurate USB 2.0 
temperature sensor needs 
only a handful of parts

110 Integrator enables simple 
ohmmeter with gigohm range

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

The recent advent of Analog 
Devices’ (www.analog.com) 

 AD CMP60x family of comparators has 
filled a gap between the less-than-1-
nsec-response comparators consuming 
100 to 200 mW and those exhibiting 
approximately 1-�sec response, requir-
ing about one-thousandth that power. 
The ADCMP60x comparators exhibit 
a low value of the product of propa-
gation-delay-by-supply-current drain; 
possess rail-to-rail input and output op-
eration; and offer a variety of options 
for hysteresis, latch-mode operation, 
and shutdown mode. Some of them 

also have inherent level-translating 
capability. Moreover, the ratio of propa-
gation delays for the positive and neg-
ative transitions at the output is close 
to the ideal value of 1 within 8% toler-
ance for the ADCMP600, ADCMP601, 
ADCMP602, and ADCMP603 and 
with in a 6.7% tolerance for the 
ADCMP608 and ADCMP609 mem-
bers of the family (Reference 1).

This ratio is important in appli-
cations in which both positive- and 
negative-output-level transitions are 
equally significant. Figure 1 shows one 
such circuit. Voltage-level transitions 

at the output of the detector indicate 
changing of the sign of the first deriva-
tive of the input signal; in other words, 
the circuit detects time positions of 
peaks and valleys in the input-voltage 
waveform. The detector circuit uses an 
ADCMP601 for IC2, and IC1 is an An-
alog Devices AD8007 current-feed-
back amplifier. IC1 connects as a volt-
age follower with an antiparallel com-
bination of Schottky-barrier switching 
diodes, D1 and D2, between the output 
and the inverting input of the amplifi-
er. Comparator IC2’s inputs connect to 
the source of the input voltage and to 
the output of the current-feedback am-
plifier. This configuration enhances the 
voltage difference of VIN�VA between 
inputs of the comparator. It performs 
this enhancement in a steplike manner 
at the instant, or region, at which the 
sign of slope of the input signal chang-
es. This voltage difference is a measure 
of the double-forward voltage of di-
odes D1 and D2 at their forward current, 
which you derive from VIN/RF.

You use a current-feedback amplifier 
as IC1 because a dynamic current flows 
into its inverting input even when you 

Comparator detects position of 
peaks and valleys in a waveform
Marián Štofka, Slovak University of Technology, Bratislava, Slovakia

�

�

�

IN

OUT

47 nF

100 nF

LE/HYS

52

3

4

4

3

2

6

7

A

6

1

VCC
2.5V

IC2
ADCMP601

NOTE: D1 AND D2 ARE HSMS-282Ls OR HSMS-282Cs.

VSS
�2.5V

RF
499

RS
200

D1

D2

�

�

IC1
AD8007

Figure 1 Comparator IC2 produces an output that switches state at the posi-
tive and the negative peaks of the input-voltage waveform.
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connect it as a voltage follower. The 
values of the RS and RF resistors are 
those that Reference 2 recommends 
for a gain of 1. You needn’t worry about 
instability due to the presence of anti-
parallel diodes in the feedback path of 
the current-feedback amplifier. These 
diodes increase the value of feedback 
resistance to more than 499�. When-
ever the input voltage is only approxi-
mately 0V, the frequency-gain response 
of IC1 for an RF value greater than 
499� remains flat.

An analysis of the response of the 
voltage follower in Figure 1 to a har-
monic input voltage uses �/�T and 
��2�f, where f is the input-voltage 
frequency and �T is the radial transi-
tion frequency of the amplifier. At the 
radial-transition frequency, the ratio 
of ZM (the magnitude of the amplifier’s 
transimpedance) to RF drops to one. 
This simplification leads to an equa-
tion for the delay, tD, in Figure 2: where VF is the forward voltage of di-

ode D1, Vm is the amplitude of input 
voltage, Rm0 is the dc transresistance 
of the current-feedback amplifier, and 

�� is the electrical-error angle in ra-
dians. The period of input harmonic 
voltage, T in Figure 2, represents 2� 
radians. The final error of the detector 
is ��, which decreases by a factor of 
�2. This reduction occurs because the 
necessary operating overdrive over the 
midpoint of the steplike transition in 
the VA(t) voltage that the comparator 
requires is more than an order of mag-
nitude less than the value of VF.EDN

R E FE R E N CE S
 “Rail-to-Rail, Very Fast, 2.5V to 

5.5V, Single-Supply TTL/CMOS 
Comparators,” ADCMP600/
ADCMP 601/ADCMP602 Pre-
liminary Data Sheet, Analog De-
vices, March 2006, www.analog.
com/UploadedFiles/Data_Sheets/
378991928ADCMP600_1_2_prra.
pdf.

 “Ultralow Distortion High Speed 
Amplifiers,” AD8007/8008 Data 
Sheet, Analog Devices, 2003, www.
analog.com/UploadedFiles/Data_
Sheets/AD8007_8008.pdf.
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VIN(t)

VOUT(t)

VA(t)

2VF

tD

VM

0

0

0

TT t
4

2�
T

=W;

WtD=��.

Figure 2 The output of comparator 
IC2 switches a slight time delay, tD, 
after the positive and the negative 
peaks of the input voltage.

The Design Idea in Figure 1 
uses the S1 switch of the Tex-

as Instruments (www.ti.com) IVC102 
precision integrator to select between 
a single input current or the superposi-
tion of two input currents. This func-
tion allows you to obtain an output 
signal whose characteristics directly 
relate to the ratio between the two in-
put currents. The circuit achieves high 
accuracy independent of most of the 
system parameters. In addition, you 
can enhance accuracy if you let a digi-
tal counter control the IVC102-based 
circuit (Figure 2). In this case, the sys-
tem’s output is a number in the BCD 
(binary-coded-decimal) format pro-
portional to the input-current ratio, 

realizing a true digital conversion.
The circuit divides into two phases. 

The first phase begins when the out-
put voltage of the IVC102 becomes 
slightly greater than the threshold 
voltage of the LM311 comparator. The 
comparator generates a falling-edge 
signal, and the 555 monostable starts 
a pulse, which closes S1. In this case, 
the total input current, I2�I1, gener-
ates a negative-going ramp if I2 is great-
er than I1. In the delta-time period, 
�TA, the integrator’s output voltage 
reaches the final voltage value. Hence, 
|VFIN	VTH|�(I2	I1)�TA/CINT, where 
CINT is the value of the IVC102’s in-
tegrating capacitor. When the 555 
monostable’s output pulse ends, the 

second phase starts: S1 opens, and in-
put current I1 discharges CINT. The 
�TB for the output voltage to assume 
the threshold voltage’s value is then 
CINT|VFIN	VTH|/ I1, and the compar-
ator generates a new trigger command 
to the monostable so that a new cycle 
can start. Manipulating the previous 
equations yields: I1/I2��TAf, where 
f�(�TA
�TB)	1. This equation states 
that the generated output signal, a train 
of pulses, has a frequency, f, proportion-
al to the I1/I2 current ratio. The accu-
racy of the monostable directly affects 
the accuracy of the system. Conversely, 
the integrating capacitor’s and thresh-
old voltage’s values do not influence 
the accuracy if they maintain constant 
values at least in the 1/f time scale.

You can increase the accuracy of the 
circuit in Figure 1 by modifying the 
section that generates the constant, 
�TA-wide pulse. The circuit in Figure 2 
generates a �TA-wide pulse using three 

Precision integrator sparks 
current-ratio-to-frequency converter
Stefano Salvatori and Gennaro Conte, 
Università degli Studi di Roma Tre, Rome, Italy
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(continued on pg 108)
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 MAX5479

SPI Single

Dual
I2CSPI

♦ EEPROM Stores Last Position 
Prior to Power-Down

♦ Tiny, 8-Pin, 3mm x 3mm TDFN
♦ 35ppm/°C End-to-End Tempco and

5ppm/°C Ratiometric Tempco
♦ Single 2.7V to 5.25V Supply
♦ 1µA (max) Standby Supply Current
♦ 8 Unique I2C Addresses Per Product

♦ Dual EEPROM Stores Last Position 
Prior to Power-Down

♦ Tiny, 16-Pin, 3mm x 3mm TQFN
♦ 35ppm/°C End-to-End Tempco and

5ppm/°C Ratiometric Tempco
♦ Single 2.7V to 5.25V Supply
♦ 1µA (max) Standby Supply Current
♦ 8 Unique I2C Addresses Per Product

InterfacePart

I2CMAX5417/MAX5418/MAX5419

No. of
Pots

1

End-to-End
Resistance (kΩ)

50/100/200

SPI is a trademark of Motorola, Inc.
†1000-up recommended resale. Prices provided are for design guidance and are FOB USA. International prices will differ due to local duties, taxes, and exchange rates. Not
all packages are offered in 1k increments, and some may require minimum order quantities.

SPIMAX5422/MAX5423/MAX5424 1 50/100/200
I2CMAX5477/MAX5478/MAX5479 2 10/50/100
SPIMAX5487/MAX5488/MAX5489 2 10/50/100

Price†

($)
1.25
1.25
1.60
1.60

256-TAP, SPI OR I2C, SINGLE OR DUAL,
NONVOLATILE DIGITAL POTENTIOMETERS

The MAX54XX family of digital potentiometers adds value to any application by providing 35ppm/°C end-to-
end temperature drift and low 1µA (max) supply current. Available in a single or dual resistor configuration, the
devices offer a variety of resistance values and a choice of I2C or SPI™ interfaces. With such a versatile
configuration, the MAX54XX can be used as a voltage-divider or variable resistor.

Ideal Choices 
for Contrast 

Control

www.maxim-ic.com

1-800-777-2776 1-800-332-86381-888-MAXIM-IC

DIRECT
D I S T R I B U T I O N

/

FREE Digital Potentiometers Design Guide—Sent Within 24 Hours!
CALL TOLL FREE 1-800-998-8800 (7:00 a.m.–5:00 p.m. PT) for a Design Guide or Free Sample

Distributed by Maxim/Dallas Direct, Arrow, Avnet Electronics Marketing, Digi-Key, and Newark.
The Maxim logo is a registered trademark of Maxim Integrated Products, Inc. The Dallas Semiconductor logo is a registered trademark of Dallas Semiconductor Corp.

© 2007 Maxim Integrated Products, Inc. All rights reserved.

EDN070502_ADS.indd   105EDN070502_ADS.indd   105 5/7/2007   12:16:17 PM5/7/2007   12:16:17 PM



106  EDN  |  MAY 24, 2007

designideas

Figure 1 This circuit allows you to obtain an output-signal frequency that directly relates to the ratio between 
the two input currents.
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Figure 2 To the circuit in Figure 1, this design adds a BCD counter to obtain direct readouts on seven-segment LED displays.
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BEST SFDR AT HIGH IF
Enables Wideband and Direct RF Communications at One-Third the Power

♦ Industry’s Highest Dynamic Performance
♦ Noise Spectral Density = -162dBm/Hz 

at fOUT = 200MHz
♦ SFDR = 75dBc at fOUT = 200MHz
♦ SFDR = 73dBc at fOUT = 600MHz
♦ SFDR = 65dBc at fOUT = 1300MHz
♦ SFDR = 60dBc at fOUT = 1800MHz

♦2.3Gsps Output Update Rate
♦ Synthesizes 1GHz Signal Bandwidth

♦4:1 Multiplexed LVDS Inputs
♦Low Power: 760mW at 1Gsps
♦Compact 11mm x 11mm, 169-CSBGA
♦Evaluation Kit Available
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Figure 1 This circuit for a USB temperature sensor works in default UART and bit-bang modes.
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HCF40110 BCD counters. When the 
third counter generates a carry, 1000/
fCK seconds have elapsed. In Figure 2, 
a set/reset flip-flop controls S1’s state, 
and  the 74HC14 hex inverter with 
a Schmitt-trigger input generates the 
pulses that reinitialize the system. A 
brief description of the measurement 
cycle follows. When the IVC102’s out-
put voltage becomes greater than the 
threshold voltage, the INH (inhibit) 
signal connected to the toggle input of 

the first HCF40110 inhibits counting. 
At the same time, the negative-going 
edge of the comparator output gener-
ates a negative-going pulse of approx-
imately 10 �sec, which latches the 
counters’ values at the output to display 
the actual result. After this step, a nega-
tive-going pulse sets the SR flip-flop to 
close S1. A corresponding positive-go-
ing pulse resets the counters. The latch-
enable lines of the 40110s are tied high, 
so the counters’ reset doesn’t affect the 
displayed value. When the reset pulse 

ends and the comparator’s output 
goes high, the HCF40110s can count 
up. When the third counter gener-
ates a carry (negative-going pulse), the 
1000th clock period has elapsed, and 
the SR flip-flop resets to open S1. The 
cycle ends at the next falling edge of 
the comparator’s output. The time pe-
riod in which I2�I1 charges CINT is NA/
fCK(NA�1000), and the I1 requires for 
discharging is NB/fCK. Manipulating the 
integrator-related relationships yields 
I2/I1�N/NA, where N�NA�NB.EDN

This Design Idea presents a 
simple, accurate, and reliable 

design to measure temperature using 
the USB. Figure 1 shows the com-
plete circuit of the temperature-sen-
sor device. The heart of the sensor 
device is an FT232RQ USB-to-serial 
converter from FTDI (Future Tech-
nology Devices International, www.
ftdichip.com). In addition to using the 

FT232 in its default UART mode, the 
FT232 works in a so-called bit-bang 
mode (references 1, 2, and 3). This 
mode changes its I/O lines into a bi-
directional data bus, which the user 
can fully control. The connection with 
the USB takes place in a standard man-
ner, and the back end of the chip in-
terconnects to an AD7814 digital tem-
perature sensor from Analog Devices 

(www.analog.com, Reference 4).
The temperature sensor uses a four-

wire SPI but only three pins: SCK 
(serial clock), SS# (slave select), and 
SDO (serial-data out). To avoid any 
malfunction of the sensor, the SDI 
(serial-data-in) line must be grounded. 
The FT232 acts as an SPI master and 
emulates the protocol for the AD7814 
by setting or clearing the appropriate 
port pins for SS# and SCK. The data 
from the sensor gets read back togeth-
er with all the other bus lines. This 
process occurs simultaneously with the 
write process.

Accurate USB 2.0 temperature 
sensor needs only a handful of parts
Silvio Lauckner, Ismaning, Germany

�
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(continued from pg 104)
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INDUSTRY’S FIRST SINGLE-
SUPPLY ANALOG SWITCHES WITH

NEGATIVE SIGNAL HANDLING
0.4Ω Switches Have Integrated Comparator in a Tiny Chip-Scale Package

Excellent Linearity and 
Low Distortion
♦ 0.4Ω On-Resistance
♦ 0.3Ω RON Flatness
♦ 0.03% THD+N
♦ Clickless Switching

RON RON Flatness Shunt Supply
Part Function (Ω) (Ω, max) Comparator Switch Voltage (V) Package

MAX4762 Dual SPDT 0.4 0.3 No No +1.8 to +5.5 10-µMAX®/TDFN/12-UCSP™
MAX4763 Dual SPDT 0.4 0.3 Yes No +1.8 to +5.5 12-UCSP/QFN
MAX4764 Dual SPDT 0.4 0.3 No Yes +1.8 to +5.5 10-µMAX/TDFN/12-UCSP
MAX4765 Dual SPDT 0.4 0.3 Yes Yes +1.8 to +5.5 12-UCSP/QFN

ON-RESISTANCE vs. COM VOLTAGE

COM VOLTAGE (V)

ON
-R

ES
IS

TA
NC

E 
(Ω

)

43210-1-2-3

1

2

3

4

0
-4

VCC = 3.0V

NO1

NC1

NO2

NC2

COM1

IN1

VCC

VCC

VCCL

R

CUSTOM
HEADPHONE
CONNECTOR

DATA
CABLE

STEREO
HEADPHONES

HEADPHONE
DETECTOR

BASEBAND
PROCESSOR

MAX4762–MAX4765

UART

COM2

IN2

AUDIO L/Rx

AUDIO R/Tx

GND
3

HANDLES NEGATIVE VOLTAGE 
DUE TO DC-BLOCKING 

CAP (VCC - 5.5V)
INTEGRATED

COMPARATOR FOR
HEADPHONE DETECTION

NEGATIVE SUPPLY 
NOT REQUIRED

MAX4338

PASSES NEGATIVE SIGNALS
WITHOUT DISTORTION

12-UCSP

1.5m m x 2mm

www.maxim-ic.com

1-800-777-2776

D I S T R I B U T I O N

1-888-MAXIM-IC 1-800-332-8638

FREE Mux & Switch Design Guide—Sent Within 24 Hours!
CALL TOLL FREE 1-800-998-8800 (7:00 a.m.–5:00 p.m. PT)

For a Design Guide or Free Sample

Distributed by Maxim/Dallas Direct!, Arrow, Avnet Electronics Marketing, Digi-Key, and Newark.
The Maxim logo is a registered trademark of Maxim Integrated Products, Inc. The Dallas Semiconductor logo is a registered trademark of Dallas Semiconductor Corp.

© 2007 Maxim Integrated Products, Inc. All rights reserved.

µMAX is a registered trademark of Maxim Integrated Products, Inc.
UCSP is a trademark of Maxim Integrated Products, Inc.
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To comply with the USB specifica-
tion, you power down the temperature 
sensor using the sleep signal while the 
USB logic is in suspend mode. The sen-
sor device receives its power through 
the USB and draws only about 20 mA. 
On the software side, you need only to 
open the device and switch the chip 
into the bit-bang mode. After that ac-
tion, you can send the fixed pattern to 
emulate an SPI master from the host 

PC to the FT232 (Figure 2). The soft-
ware returns a data array of the port 
samples of both the PC and the FT232, 
whose ports are inputs and outputs.

Because the FT232 chips come with 
a unique serial number, you can iden-
tify the correct device within a multi-
chip environment. So, you can put 
more than one FT232-based sensor 
onto a computer. The core of this De-
sign Idea is not limited to measuring 
temperature. You can use other sen-
sors with digital interfaces, as well.

To get the current temperature, you 
must write 35 fixed bytes into the port 
register. The sensor expects 16 clock 
pulses on the SCK line while the SS# 
is low. The clock frequency is 1 MHz. 
The device samples sensor-read data 
during the write operation. After the 
protocol on the back end finishes, you 
can retrieve the data from the host PC 
for further processing. To get just 10 
bits out of the sensor involves consid-
erable data overhead (Figure 2). The 
dashed-line arrows mark the bytes, 
which need no further evaluation.

This Design Idea realized two sample 
circuits on a two-layer PCB (printed-

circuit board) measuring only 18�12 
mm (0.7�0.47 in.) and 7.6�30.5 mm 
(0.3�1.2 in.). Figure 3 shows them in 
comparison to the size of a USB Type 
A plug.EDN

R E FE R E N CE S
 “FT232R USB UART IC,” Future 
Technology Devices International, 
2005, www.ftdichip.com/Documents/
DataSheets/DS_FT232R.pdf.
 “AN232R-01 Bit Bang Modes for 
the FT232R and FT245R,” Future 
Technology Devices International, 
2005, www.ftdichip.com/Documents/
AppNotes/AN232R-01_FT232RBit
BangModes.pdf.
 “D2XX Programmer’s Guide,” Fu-
ture Technology Devices International, 
2005, www.ftdichip.com/Documents/
ProgramGuides/D2XXPG33.pdf.
 Analog Devices, Data sheets 
AD7814 (www.analog.com/en/
prod/0,,764_814_AD7814,00.html), 
ADT7301 (www.analog.com/
UploadedFiles/Data_Sheets/
ADT7301.pdf), and ADT7302 (www.
analog.com/en/prod/0,,764_811_
ADT7302,00.html).

WRITE DATA
(35 BYTES)

SS#

SCK

MISO

0�08
0�48 0�00

0 D9 D8

0�08
0�00

0�08
0�00

0�08
0�00

0�08
0�00

0�08
0�00

0�08
0�00

0�08
0�00

0�08
0�00

0�08
0�00

0�08
0�00

0�08
0�00

0�08
0�00

0�08
0�00

0�08
0�00

0�08
0�00

0�08
0�48

READ DATA

D7 D6 D5 D4 D3 D2 D1 D0

Figure 2 The timing diagram for the AD7814 shows considerable data overhead to download 10 bits of temperature data.

Figure 3 Two sample circuits (left and 
center) are smaller than a USB Type A 
plug (right).

The Texas Instruments (www.
ti.com) IVC102 precision inte-

grator has high-quality internal capaci-
tors. The circuit in Figure 1 allows you 

to measure very-high-resistance values 
of RX. A precision difference amplifier, 
a TI INA105, applies a reference volt-
age to RX. During integration, a nega-

tive voltage ramp, VO, is generated at 
the output of the IVC102. The two 
LM311s compare the amplitude of VO 
with two fixed thresholds and gener-
ate the two digital signals: start and 
stop. The delta time between two such 
events relates to the system parameters 
by the expression: �T�CINT[(VA� 
VB)/VREF]RX, where �T is the delta time 
and CINT is the internal integrating ca-

Integrator enables simple ohmmeter 
with gigohm range
Stefano Salvatori and Gennaro Conte, 
Università degli Studi di Roma Tre, Rome, Italy
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Ultra Low-Power Interchangeable ADCs

ADCs Deliver Excellent INL and ENOB in Small Pin- and Function-Compatible Packages

Ideal for use in portable systems, medical instrumentation, factory automation/automatic test equipment, 
consumer products, mobile communications, instrumentation, and control systems

 National Semiconductor Corporation, 2007. National Semiconductor and     are registered trademarks of National Semiconductor Corporation.
All rights reserved.

 For FREE samples, evaluation boards, online design 
tools, datasheets, and more, visit us today at

  www.national.com/adc

Or call: 1-800-272-9959

12-Bit ADC
• INL: ±0.4 LSB
• ENOB: 11.7 

10-Bit ADC
• INL: ±0.2 LSB 
• ENOB: 9.8 

8-Bit ADC
• INL: ±0.5 LSB 
• ENOB: 7.8 

Single-Channel A/D Converter Features (Power Down: 2.5 µW)

AD_444_GenPurpose.indd 1 4/2/07 10:11:08 AM
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RESET

DIGITAL GROUND

t

pacitance of the IVC102, 
which external connections 
on pins 4, 5, and 6 select. 
(Note: when S1 is open, 
CINT�10 pF, whereas, when 
S1 is closed, CINT�100 pF.) 
The VA threshold allows 
the circuit to see the out-
put ramp without any offset 
on the VO signal. Because of 
the INA105 difference am-
plifier, VREF�VA�VB, so the 
previous equation reduces 
to: �T�CINTRX. Also note 
that the precision of resis-
tors R1, R2, and R3 is not 
critical. The difference am-
plifier guarantees the preci-
sion of the ohmmeter.

External digital-control 
circuitry can measure delta 
time by counting the clock 
periods between the start 
and the stop events. At the 
end, the control circuit can 
generate a reset signal for 
the IVC102 to perform a 
new measurement.EDN

Figure 1 Using an IVC102 precision 
integrator, this circuit can measure 
resistances in the gigohm range.

Angle sensing at 150°C 
ambient temperature
AS5140H – your magnetic encoder choice 
for engine compartment applications

-40°C to +150°C ambient temperature

AEC-Q100 certifi ed

System diagnostic features

10-bit absolute (serial, PWM)

and incremental outputs

West Coast (408) 345-1790  East Coast (919) 676-5292
www.austriamicrosystems.com
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High Performance Analog

Intersil Real-Time Clocks

A Clock You Can’t Do Without.

Real-Time Clock with unique ID 
saves cost and board space.

Intersil’s ISL12025 is the only RTC with 4k-bits of EEPROM and 
embedded 64-bit unique ID that combines on-chip oscillator 

compensation and CPU supervisory functions. 

On-Chip Oscillator Compensation
• -64ppm to +110ppm frequency trimming range
•  Internal feedback resistor and compensation capacitors
•  64-position digitally controlled trim capacitor
•  Six digital frequency adjustment settings to ±30ppm

CPU Supervisory 
Function (ISL12025)
• Five selectable
 VTRIP levels from 
 2.63V to 4.64V

Integrated 512 x 8-bit
• 16-byte page write modes (32 total pages)
•  Eight modes of BlockLock™ protection
•  >2,000,000 write cycle and 50 years
 endurance reliability

Real-Time Clock/Calendar
• Tracks time in hours,
 minutes, and seconds
•  Day of the week, day,  
 month, and year

Automatic backup to 
battery or SuperCap

Unique ID
• Factory-programmed 64-bit unique ID
 that can be read via I2C. Tamper-proof
 with no write access.
•  Ideal for security-related and warranty-
 tracking applications.

Intersil – Amplify your performance with advanced signal processing.
©2007 Intersil Americas Inc. All rights reserved. The following are trademarks or services marks owned by Intersil Corporation 
or one of its subsidiaries, and may be registered in the USA and/or other countries: Intersil (and design) and i (and design).

Go to www.intersil.com for samples, datasheets and support
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A division of

www.BuyerZone.com

Where Smart Businesses Buy and Sell

Buyers & Sellers:
Meet Your Match

BuyerZone is the leading online marketplace for business purchasing.

Millions of buyers use BuyerZone’s free Request for Quotes service 

to quickly get multiple bids from top vendors who can meet their needs. 

Sellers get connected to prospective new customers 

with near-term buying plans. It’s a win-win situation – 

resulting in billions of dollars in purchasing transactions each year.

Try BuyerZone now. It’s the smart move for your business!

Visit www.BuyerZone.com 
or call 1.800.601.5224

BuyerZone’s Request for Quotes
service is available for more than
125 purchase categories, includingg:

• Office Equipment       
• Marketing Services     
• HR & Benefits  
• Telecommunications     
• Office Furniture       
• Financing Solutions    
• Information Technology 
• Retail & Restaurant    
• Industrial     
• Construction   

…and more      
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Photovoltaic and wind 
converters use two 
MPPT channels

The Aurora PVI-6000 photovol-
taic and wind-inverter series us-

es two high-speed, independent MPPT 
(maximum-power-point-tracking) chan-
nels to allow energy harvesting in instal-
lations with multiple photovoltaic arrays 
pointing in different directions. Avail-
able energy increases in the grid-tie de-
vices by using transformerless designs, 
providing a 97% conversion efficiency. 
Features include a laptop-free configura-
tion using front-panel-mounted buttons, 
true sine-wave outputs with self-select-

ing voltage capabilities, and less than 
3.5% typical total harmonic distortion. 
Providing grid-connected operation cer-
tified to international standards, the Au-
rora PVI-6000 series costs $5500.
Power-One, www.power-one.com

Quarter-brick, dc/dc-power modules 
claim 92% typical efficiency

Available in a quarter-brick format, the PKM4515ZE PI, PKM4619E PI, PKM-
4810E PI dc/dc modules provide a 48V input voltage. The PKM4515ZE PI 

runs at 24V at 2.1A and provides a 50W output, the PKM4619E PI runs at 2.5V at 
25A and provides a 62.5W output, and the PKM4810E PI runs at 3.3V at 25A and 
provides an 80.5W output. Typically operating at 92%, the devices run at a 3.3V 
output voltage at half-load and operate at a 36 to 75V-dc input-voltage range. Pro-
viding 1.5 million hours MTBF at 40�C, the PKM4515ZE PI costs $21.46, and the 
PKM4619E PI and PKM4810E PI cost $24.68.
Ericsson Power Modules, www.ericsson.com

POWER SOURCES
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Motion
Processors

PERFORMANCEMOTIONDEVICES

Intelligent
Motion

DC Brush, Brushless DC, Step, and
Microstepping Motion Control

• Advanced IC-based motion controllers

• 1, 2, 3, and 4-axis versions

• S-curve, trapezoidal,
velocity contouring, and 
electronic gearing profiles

• Parallel, CANbus, serial multi-drop 
host communications

• Programmable PID, dual biquad filters

• 3.3 V operation

www.pmdcorp.com

The Best Engineered
Products in Motion
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productroundup

Midpower converters 
provide ZCS/ZVS

Joining the vendor’s 24V-dc-input 
family, these nine midpower Mini 

dc/dc converters feature low-noise ZCS/
ZVS (zero-current switching/zero-volt-
age switching). The devices come in a 
100W model with a 3.3V output volt-

�

�
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age; a 150W model with 5, 12, 15, 24, 
28, 36, and 48V output voltages; and a 
200W model with a 36V output voltage. 
Operating from a 24V nominal output, 
the converters have an 18 to 36V input 
range. Measuring 2.28�2.2�0.5 in., the 
Mini dc/dc converters cost $87.
Vicor Corp, www.vicorpower.com

POWER SOURCES

�

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 
about The Advanced® Difference in innovative 
interconnect solutions.

www.advanced.com
1-800-424-9850

Environmentally Friendly...
And YES, it’s that flexible!

Single- and dual-output 
dc/dc converters 
have UL approval

Available in 24 models operating 
from 5, 12, and 24V-dc inputs, the 

D200E dc/dc-converter series provides 
single and dual outputs at 5, 9, 12, 15, 

�5, �9, �12, and �15V dc. Features 
include a 1000V-dc I/O isolation, 87% 
efficiency, and low-noise operation. 
The UL-approved, 2W devices have a 
3.5 million-hour MTBF. Available in 
a 0.77�0.28�0.4-in. SIP, the D200E 
family costs $3.60.
MicroPower Direct, www.
micropowerdirect.com

Eighth- and quarter-brick 
IBCs feature a driven-
synchronous system

Operating from a 38 to 55V-dc 
power supply, the eighth-brick 

IBC32 and the quarter-brick IBC60 
IBCs (intermediate-bus converters) 
suit multiple downstream, nonisolated 
POL (point-of-load) converters in dis-
tributed-power systems with 9.6V inter-
mediate-bus architectures. The 300W 
eighth-brick and 642W quarter-brick 
devices have a fixed 5-to-1 conversion 
ratio and generate an isolated, unregu-
lated dc output. A 48V-dc power sup-
ply allows the converters to generate 
a 9.6V-dc output. The IBC60 deliv-
ers 60A, providing a 400W/in.3 power 
density, and a 2.5% typical load-regula-
tion figure for all load conditions; the 
IBC32 provides a 32A output capacity 
and a 2.3% typical load-regulation fig-
ure. A synchronous-driven system al-
lows the PWM controller to control all 
of the power switches, providing tight-
er timing control of the secondary-side 
switches than that of a self-driven syn-
chronous rectifier. The eighth-brick 
IBC32 costs $45, and the quarter-brick 
IBC60 costs $60.
Emerson Network Power, www.
emersonnetworkpower.com

�
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IDE supports Windows 
Vista operating system

Supporting computers running 
Microsoft’s Vista operating sys-

tem, the PSoC Designer IDE (inte-
grated development environment) 4.4 
features user modules for the vendor’s 
CapSense capacitive sensing, SD cards, 
and USB UARTs. The PSoC Express 
visual-embedded-design tool allows de-
signers to create designs and transfer 
them to PSoC Designer. Available at 
the Software-and-Drivers section of the 
vendor’s Web site, the PSoC Designer is 
free for downloading.
Cypress Semiconductor, www.
cypress.com

MICROPROCESSORS

productroundup
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Prodigy TM

Motion
Cards

PERFORMANCEMOTIONDEVICES

Intelligent
Motion

DC Brush, Brushless DC, Step, and
Microstepping Motion Control

• Uses PMD’s advanced MagellanTM

Motion Control IC

• Easy-to-use Visual Basic and 
C-Language programming

• Available in 1, 2, 3, and 4-axis versions

• S-curve, trapezoidal, velocity contouring,
and electronic gearing profiles

• PCI and PC/104 formats

• High speed loop rate: 50 µsecs/axis

www.pmdcorp.com

The Best Engineered
Products in Motion
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16-bit-microcontroller 
family comes in 22- and 
44-pin packages

Adding eight microcontrollers to 
the vendor’s PIC24FJ64GA004 

family, these 16-bit microcontrollers 
include the peripheral-pin-select pin-
mapping function, allowing designers to 
map the devices to the desired pin and 
allowing use of all onboard peripherals. 
Providing 16 to 64 kbytes of flash pro-
gram memory and as much as 8 kbytes of 
RAM, the microcontrollers are compat-
ible with the vendor’s other 16-bit fam-
ilies. Features include the free MPlab 
IDE (integrated development environ-
ment) with a Visual Device Initializer 
component, which graphically assists 
designers in mapping pins and initial-
izing code for the peripheral-pin-select 
function; the MPlab C30 C compiler; 
the MPlab Real Ice tool; and the MPlab 
ICD (in-circuit-debugging) 2 tool for 
emulation and debugging. Additional 
features include two independent I2C 
channels, a UART, and SPI communi-
cations. The devices cost $1.69 (10,000) 
and come in TQFP-44 and QFN-44 
packages for the PIC24FJ64GA004, 
PIC24FJ48GA004, PIC24FJ32GA004, 
and PIC24FJ16GA004 microcontroll-

�

ers, and in SOIC-28, QFN-28, SSOP-
28, and SDIP-28 packages  for the PIC-
24FJ64GA002, PIC24FJ48GA002, and 
PIC24FJ32GA002 models. A version 
of Explorer 16 is available with a 44-pin 
PIC24FJ64GA004 onboard for $129.99.
Microchip Technology, www.
microchip.com

Decoders target 
HD-DVD players 
and Blu-ray-disc players

The vendor’s HiFi 2 audio engine 
meets the approval of the Dolby, 

Dolby Digital Plus 7.1-channel decoder, 
Dolby Digital Plus 5.1-channel decoder/
converter, and Diamond standards. Tar-
geting use in Xtensa processors, the 7.1-
channel device supports the simultane-
ous decoding of primary and secondary 
audio channels as well as simultaneous 
streams of 7.1-channel content on a sin-
gle HiFi 2 audio engine; the 5.1-chan-
nel device converts native Dolby Digi-
tal Plus signals to 5.1-channel Dolby 
Digital. Targeting HD-DVD players, 
Blu-ray-disc players, and set-top boxes, 
the decoders cost $27,500 for a project 
license.
Tensilica, www.tensilica.com

Configurable SOCs 
come in dual- and 
single-core variants

Adding to the vendor’s SPEAr 
configurable SOC (system-on-

chip) IC family, the dual-core SPEAr 
Plus600 and the single-core SPEAr 
Head600 chip feature 90-nm-process 
technology. The devices integrate one 
or two advanced ARM926 proces-
sor cores with 16 kbytes of data and 16 
kbytes of instructional cache memory, 
running at 333-MHz and 600,000 gates 
of embedded configurable logic. Ad-
ditional features include 136 kbytes of 
SRAM, 32 kbytes of ROM, and a mem-

�

�
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ory interface supporting DDR/DDR2 
memories and a large connectivity-IP 
(intellectual-property) portfolio. The 
memory interface has DDR2-666-mem-
ory compatibility, allowing the same 
pins to drive DDR or DDR2 memory. 
The connectivity IP includes an IrDA 
interface supporting fast IrDA, Gigabit 

MICROPROCESSORS

C&D Technologies, Inc.,  
11 Cabot Boulevard, Mansfield, MA 02048-1151
(800) 233-2765   Fax: (508) 339-6356   
Email: sales@cdtechno.com   ISO 9001

www.cd4power.com . . . P O W E R I N G  I N N O V A T I O N

• DC/DC CONVERTERS  • POWER SUPPLIES  • MAGNETICS  • DIGITAL PANEL METERS • DATA ACQUISITION •

P O W E R  E L E C T R O N I C S  D I V I S I O N

6A, 10A, 16A & 22A
SIP DC/DC Converters
Low Cost, DOSA Compliant, Superior performance, RoHS-6 Compliant

The Datel LSN & LSN2 series from C&D Technologies are high performance POL 
buck regulators offering higher effi ciencies, lower noise, better step response, and 
the industry’s best thermal performance.

The LSN & LSN2 series require no additional I/O fi ltering in most applications 
for noise or EMI suppression. LSN2’s offer a Vout sequencing/tracking function for 
critical multi voltage applications. Both the LSN & LSN2’s are RoHS-6 compliant, 
cost effective and available from stock.

Output
Current

Input Voltage Output
Voltage

Untrimmed
VOUT

Accuracy
R/N Max. Effi ciency Package Size Datasheet at 

www.cd4power.comNom. Range

A Vdc Vdc V % mVp-p % Inches

6 5 2.4 to 5.5 0.75 to 3.3 ±2 25 94

Vertical Models
2x 0.36 x 0.5h

Tyco Compatible
2 x 0.37 x 0.5h

Horizontal Models
2 x 0.5 x 0.37h

LSN2-T/6-W3

6 12 8.3 to 14 0.75 to 5 ±2 25 93 LSN2-T/6-D12

10 3.3 3 to 3.6 1 to 2.5 ±1 35 90.5 to 95.5 LSN-10A, D3

10 5 2.4 to 5.5 0.75 to 3.3 ±2 25 95 LSN2-T/10-W3

10 5 4.5 to 5.5 1 to 3.8 ±1 35 89 to 96 LSN-10A, D5

10 12 8.3 to 14 0.75 to 5 ±2 75 95 LSN2-T/10-D12

10 12 10.8 to 13.2 1 to 5 ±1.25 45 to 75 86 to 95.5 LSN-10A, D12

16 5 2.4 to 5.5 0.75 to 3.3 ±2 50 95 LSN2-T/16-W3

16 3.3/5 3 to 5.5 0.75 to 3.3 ±1.5 50 86 to 95 LSN-16A, W3

16 12 8.3 to 14 0.75 to 5 ±2 75 94 LSN2-T/16-D12

16 12 10 to 14 0.75 to 5 ±1.25 45 to 75 86 to 95.5 LSN-16A, D12

22 12 8.3 TO 14 0.75 to 5 ±2 90 95 LSN2-T/22-D12

For full specifi cations, options and part numbers, please download datasheets at www.cd4power.com

Ethernet MAC (media-access control), 
one device USB 2.0 port, and two host-
device ports. An XGA LCD controller 
supports 1024�768-pixel resolution in 
24-bit true color and a JPEG codec. A 
dithered PLL with programmable fre-
quencies, jitter, and LVDS I/O operates 
at 600-MHz for high-speed-communica-

tion links. Available with dedicated de-
velopment boards, the SPEAr Plus600 
and SPEAr Head600 cost $10 and $12 
(20,000), respectively.
STMicroelectronics, www.st.com

Embedded USB 
controllers come with 
a USB software stack

Expanding on the vendor’s Cold-
Fire USB line, the MCF5521x 

microcontroller full-speed USB OTG 
(On-The-Go) family and the MCF5253 
embedded processor with High-Speed 
USB OTG use the ColdFire V2 core. 
The MCF5521x features 128 kbytes of 
flash memory, 16 kbytes of SRAM, 56 
general-purpose I/Os, and a two-chan-
nel periodic-interrupt timer. The de-
vice also features two I2C-bus-interface 
modules, four-channel 32-bit timers 
with DMA support, a 12-bit ADC, and 
three on-chip UARTs. The MCF5253 
embedded processor features 8 kbytes 
of instruction cache, an SDRAM con-
troller, two CAN 2.0B modules, an I2S 
interface, and three UARTs with flow 
control. In addition, the device pro-
vides a dedicated ATA hard-disk in-
terface; a flash-media-card interface; a 
four-channel DMA controller with four 

Evaluation platform com-
bines microcontroller and 
graphical software/GUI

The 16-bit H8 microcontroller-
based evaluation platform com-

bines the vendor’s H8S/2378 microcon-
troller and Segger Microcontroller Sys-
tems’ graphical-software/GUI (graphi-
cal-user-interface) package. The device 
features an LCD direct-drive capabil-
ity supporting QVGA-size TFT (thin-
film-transistor) and STN (supertwisted-
nematic) LCD panels. The demo eval-
uation board supports full-screen ani-
mations at 25 frames/sec on a QVGA-
size panel. Available in a 20�20-mm 
LQFP-144 package, the H8S/2378 pro-
cessor costs $8.
Renesas Technology America, www.
renesas.com

�

�
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DVI controller 
targets TFT LCDs

The 5.5-mm, ultraslim DV-Slim 
DVI (digital-visual-interface) 

translator board connects TFT (thin-
film-transistor) LCDs to standard-vid-
eo interfaces. The device automati-
cally converts DVI signals into TTL or 
LVDS (low-voltage-differential-signal-
ing) signals for TFT LCDs and works 
with LCDs measuring 5 to 46 in. diago-
nally with 6- and 8-bit color depth; it 
also supports LCDs with single-channel 
LVDS. The DV-Slim translator board 
costs $49.74 (10,000).
Apollo Display Technologies, www.
apollodisplays.com

MICROPROCESSORS
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ROBOTICS

SEMICONDUCTOR

©
20

06
Pe

rfo
rm

an
ce

M
ot

io
n

De
vic

es
,I

nc
.

ION
DigitalDrive

PERFORMANCEMOTIONDEVICES

Intelligent
Motion

DC Brush, Brushless DC, and
Microstepping Motion Control

• Complete single-axis motion module

• Available for DC brush, brushless DC,
and step motors

• Advanced S-curve motion profiles

• CANbus or serial communications

• Field oriented control

• High efficiency MOSFET amplifier

• 12 - 56 volt, 500 watts output

www.pmdcorp.com
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Compliant

GENERALAUTOMATION

TM

Wireless embedded-
networking module 
has remote capabilities

The MatchPort b/g secure, em-
bedded-wireless 802.11 b/g net-

working-device server module enables 
802.11 b/g wireless connectivity and 
Web services on devices with a serial 
interface on their host microcontroller. 
The networking device features a dual-
processor design; one processor converts 
wired serial data into TCP/IP packets 
providing Web-server capabilities, and 
the other processor is an 802.11 b/g 
baseband and radio chip set. A built-in 
Web server allows remote device con-
figuration and monitoring and provides 
the ability to scan and report wireless-

GPS receiver suits 
mobile and in-vehicle-
testing applications

The DAN-GPS (global-position-
ing-system)-receiver system adds 

GPS technology to the vendor’s Power-
DNA, UEILogger, and UEIPCA data-
acquisition and -control Cubes. Suiting 
mobile and in-vehicle-testing applica-
tions, the device provides location, ve-
locity, and UTC (universal-time-co-
ordinated) real time. The GPS for the 
UEI Cube family costs $495.
United Electronics Industries, www.
ueidaq.com

DMA channels; and a six-channel, 12-
bit ADC. A Special Edition version of 
the vendor’s CodeWarrior Development 
Studio for ColdFire version 6.4 or later 
supports the USB controllers. The de-
vices also come with a complimentary 
USB software stack that the vendor cre-
ated jointly with CMS Systems, and the 
vendor offers a �Clinux BSP (board-

support package) with an integrated 
USB stack for the MCF5253. The 66- 
and 80-MHz MCF5221x cost $4.39 
(10,000), and the MCF5253 costs $8.64 
(10,000). The M52211EVB evaluation 
board costs $299, and the M5253EVBE 
evaluation board costs $680.
Freescale Semiconductor, www.
freescale.com

�

�

�

EMBEDDED SYSTEMS

Dual three-phase bridge 
comes in high- and 
low-voltage models

Targeting brushless three-phase 
motors, the 7I39 dual three-phase, 

250W bridge driver comes in low- and 
high-voltage models. The low-voltage 
model has a 10A rating at 25V dc per 
axis; the high-voltage model has a 5A 
rating at 50V dc per axis. Additional 
features include an overvoltage clamp, 
0.75-times selectable overcurrent lim-
its, and 1.5-times rated current. The 
7I39H and 7I39V cost $98 (100).
Mesa Electronics, www.mesanet.com

�

network parameters. The MatchPort b/g 
costs $60 (10,000).
Lantronix, www.lantronix.com
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scope
CHART YOUR COURSE

LOOKING AHEAD

Think nanotubes are just carbon? Time was, 
materials for electronics were pretty well 
settled. But today, with plastics and other 
organic materials, increasing pressure from 
environmental concerns, the emergence of 
nanotechnology, and the growing demands 
IC scaling makes upon materials science, to 
see the future you need to look at materials, 
not just circuits. The best place to do that 
may be the Electronic Materials Conference, 
June 20 to 22 at Notre Dame University 
(www.tms.org/Meetings/Specialty/EMC07/
home.html). After a plenary session in which 
Professor Alan Heeger from the University 
of California—Santa Barbara will discuss the 
reality of plastic solar cells, technical tracks 
will cover such topics as chemical and bio-
sensors; III-Nitride devices; silicon-carbide 
structures; growing nanostructures; silicon, 
germanium, and compound nanowires; and 
organic transistors. 

So consumer electronics, with its huge demands on cost and efficiency, its enor-
mous volumes, and its fickle demand, is driving the semiconductor business. That 
scenario may mean the best possible news for the crafty opportunist designer. The 
very facts that make life so hard for a consumer-electronics company mean that 
very advanced technology—IBM cell processors, massive GPUs (graphics-process-
ing units), tiny high-resolution displays, and digital cameras on chips—becomes 
possible, cheap, and, when demand disappears, available. Sometimes the best 
approach to an embedded-design problem may be massive overkill in the form of 
an affordable chip from an entirely different context—a cell processor as an embed-
ded controller, a GPU as a DSP, a whole digital camera in a motion-control loop. It 
pays to stay informed on what’s happening with all those advanced consumer ICs.

AT AN EARLY USE OF 
BIOPOTENTIAL SENSORS

LOOKING BACK

LOOKING AROUND

TO THE ELECTRONIC MATERIALS CONFERENCE

AT A CONSUMER-DRIVEN ELECTRONICS INDUSTRY

Developers at the recent Institute of Radio Engineers 
convention demonstrated an electronic iron-lung 
control system which enables a polio patient to use 
still-intact respiratory muscles. The system uses min-
ute muscle-produced voltages produced by muscle 
contraction. Electrodes on the skin pick up the tiny 
voltages and direct them to an amplifier, which con-
trols inlet and outlet air flow through the iron lung. 
As a result, the patient controls his own breathing, in 
contrast to the conventional system where breathing 
is governed by the rhythm of a motor-driven air pump. 
The equipment is now only experimental, but devel-
opers expect it will be produced in the near future.
—Electrical Design News, 
May 1957
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Mixed signals, one instrument.
A powerful oscilloscope with logic analyzer functionality.

Now you can visualize and correlate both analog and digital signals on one Tektronix instrument. And it’s
as easy to set-up and use as an oscilloscope. Meet the MSO4000 Series Mixed Signal Oscilloscope; it’s
a full-featured oscilloscope with basic logic analyzer functionality. Its context-rich waveform display, with
either 2 or 4 analog plus 16 digital channels, enables you to simultaneously view what is going on in many
points of your design. With its familiar oscilloscope operation, you will be debugging faster and easier than
ever before. Relieve the pain of set-up and use. Spend more time on the task at hand. Debug faster.

Learn more about debugging designs in a mixed signal environment.
Download your free white paper now at: 

www.tektronix.com/mixedsignals

© 2007 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.

Performance Specifications

Models MSO4032, MSO4034, MSO4054, MSO4104

Bandwidth 350 MHz, 500 MHz, 1 GHz

Channels 2 or 4 analog + 16 digital

Sample Rate on Analog Channels Up to 5 GS/s

Max. Digital Timing Resolution 60.6 ps

Record Length 10 M points on all analog and digital channels

Display Large 10.4 in. (264 mm) XGA screen

MSO4000 Series 
Mixed Signal Oscilloscope
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