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High Performance Analog
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or large panels, we’ve got what you need. 
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Test Management
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in Test Management Software
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Make front-end 
power predictable

51Achieving a predict-
able power-closure flow 
means making power 

a metric and a core part of the 
process from the early stages 
of design conception. 

by Jack Erickson, 
Cadence Design Systems Inc

Selecting op amps

40Selecting operational 
amplifiers can be as 
complicated as the 

specifications for these parts. By 
understanding the basics, knowing 
your application, and using stand-
alone and online tools, you can 
make the right choice. 

by Paul Rako, Technical Editor

Digitally managed 
power circuits

59Many power circuits 
need digital control. 
Those combining 

digital- and analog-circuit blocks 
provide the best of both worlds.

by Terry Cleveland, 
Microchip Technology
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Mechatronics-based 
embedded design

33As new designs com-
bine electronic circuit-
ry, mechanical actua-

tors, and microprocessor software, 
a growing percentage of embed-
ded development falls under the 
recently revived “mechatronics” 
moniker. 
by Warren Webb, Technical Editor
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I thought that we had carefully 
considered what we would ask about 
H1-B visas, though your response in-
dicated that we had failed. We set-
tled on two questions. First, we asked, 
“Do you believe the government 
should expand the number of H1-B 
visas?” Second, we asked respondents 
to choose among three responses that 
best summed up their feelings and ex-
periences with H1-B visas. The choic-
es were: “I am working on an H1-B 
visa, and it has been a fantastic oppor-
tunity”; “I believe that we are short 
on qualified engineers in the United 
States, and I support the idea of in-
creasing the number of H1-B visas”; 
and “My career was harmed when I 
lost an opportunity to another engi-
neer that was a part of the H1-B pro-
gram.”

First, I want to assure you that we 
had no ulterior motive with this sur-
vey. One reader suggested, “[The sec-
ond question] is very biased. I believe 
that we are short on engineers, but ex-
panding the H1-B is not the answer; 
convincing kids to enter engineering 
is. You guys must already have written 

the result and are waiting for the sur-
vey to support it.” In fact, EDN as a 
whole has no position on H1-B visas. 
As several of you suggested, we should 
have offered the option on the first 
question to answer in a way other than 
“yes” or “no.” And we offered too few 
choices in the second question.

For better or for worse, here are 
the results we gathered. To the yes/no 
question, 48.9% of you answered that, 
yes, the government should expand 
the H1-B offerings, and 51.9% an-
swered no. In response to the second 
question, the answers came in at 3.5% 
for those working on an H1-B visa 
and believing it to be a great oppor-
tunity, 58.3% for those who believe 
that we should increase the number of 
H1-B visas because the United States 
is lacking in qualified engineers, and 
38.2% who believe their career suf-
fered because of the H1-B program. 
Keep in mind, though, that many of 
you couldn’t match your feelings to 
the answers we offered.

A number of readers indicated that 
they believe that the United States 
has an acute shortage of engineers, 

whereas they call into question the 
ideals behind and the execution of the 
H1-B program. One respondent noted, 
“The H1-B program has many holes. 
It is like indentured servitude. Many 
of my colleagues in the past who were 
H1-B holders were underpaid com-
pared to others in similar positions. 
They were forced to work long hours 
and weekends as they were threatened 
with losing their jobs. If they lost their 
job, they lost their place in the perma-
nent-residency line.” Another added, 
“H1-B can be a good resource; how-
ever, it appears to be abused by hiring 
non-US workers at a lower wage in 
some situations.”

A number of respondents pointed 
out that we should solve an engineer-
ing shortage by encouraging more stu-
dents to enter the engineering field 
and by using available talent. One 
noted, “I believe there is a shortage 
of qualified engineers, but most com-
panies are not willing to hire laid-off 
workers. I think there is an unfair bias 
against these workers. From my wife’s 
experience, the potential employers 
that do give an interview are actually 
stealing ideas from these experienced 
workers and then not giving them a 
chance.”

On a positive note, most respon-
dents like their job and want to en-
courage young engineers. One noted, 
“I believe there is strong need for in-
forming young students, high-school 
age to early college, of all the differ-
ent types of engineering jobs that are 
available. … Engineering is about 
solving problems, and we need to edu-
cate people on how fun that can be!”

To view the results of our survey, go 
to www.edn.com/071025ed2.EDN

Contact me at mgwright@edn.com.

BY MAURY WRIGHT, EDITORIAL DIRECTOR

H1-B questions hit 
EDN readers’ hot button

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

 A 
couple of times this year, I’ve highlighted research that 
EDN has conducted on the market or on engineers. We 
have more such material coming your way with a global 
engineering-salary-and-career survey that we will pres-
ent next month. In the meantime, we conducted a one-
day career-oriented survey on our Web site on Sept 26, 

and this column presents a few results from that survey. In particular, the 
subject of H1-B visas drew a number of interesting responses.

MORE   AT EDN.COM

      Go to www.edn.com/071025ed 
and click on Feedback Loop to post
a comment on this column.

+
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 Application Note AN-1656

 ANALOG  edge SM

 Design Challenges of Switching LED Drivers [Part 1 of 2]

 Chris Richardson, Applications Engineer

 Using a switching regulator as an LED driver requires 
the designer to convert a voltage regulator into a current 
regulator. Beyond the challenge of changing the feedback 
system to control current, the LEDs themselves present a 
load characteristic that is much different than the digital 
devices and other loads that require constant voltage.  The 
LED WEBENCH® online design environment predicts and 
simulates the response of an LED to constant current while 
taking into account several potential design parameters that 
are new to designers of traditional switching regulators.

Output Voltage Changes when LED Current Changes

In the fi rst step of the LED WEBENCH tool, “Choose 
Your LEDs”, an LED is selected with a standard forward 
current, IF. This default value is provided by the LED 
manufacturers, and in most cases it represents the testing 
condition for that LED. Typical values for high-power 
LEDs are 350 mA, 700 mA, and 1000 mA. 

Not all designs will use a standard current, however. The 
designer can select a different LED current, and then the 
forward voltage will change in the VLED box under step 
2. The change in voltage comes from LEDs’ V-I curve. 
Figure 1 shows a curve from a 5W white (InGaN) LED 
that differs from the curves normally found in LED data-
sheets. LED manufacturers provide these curves, but 
they are often shown as I-V curves with voltage as the 
independent quantity. In Figure 1, forward current is 

the independent variable, refl ecting the fact that in LED 
drivers current is controlled, and voltage is allowed to 
vary. The cross-hairs intersect at the standard/typical IF 

and VF values of 350 mA and 3.5V, respectively. 

Once the VF of the LEDs has been determined from the 
V-I curve, the LED driver’s output voltage is calculated 
using the following formula:

 VO = n x VF + VSNS

In this equation, ‘n’ is the number of LEDs connected in 
series, and ‘VSNS’ is the voltage drop across the current 
sense resistor.

Designing for VO-MIN and VO-MAX

In practice, the typical value of VF changes with forward 
current. Further analysis of total output voltage is needed 
because VF also changes with process and with the LED 
die temperature. The more LEDs in series, the larger the 
potential difference between VO-MIN, VO-TYP and VO-MAX. 
An LED driver must therefore be able to vary output volt-
age over a wide range to maintain a constant current. IF is 
the controlled parameter, but minimum and maximum 
output voltage must be predicted in order to select the 
proper regulator topology, IC, and passive components. 
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 Figure 1. V-I Curve with Typical VF and IF

VIN = 12V ±5% VO-TYP = 10.7V
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 Figure 2. VIN-MIN > VO-TYP, Buck Regulator Works
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A typical example that can lead to trouble 
is driving three white (InGaN) LEDs from 
an input voltage of 12V ±5%. In Figure 2, 
each LED operates at the typical VF of 3.5V, 
and the current sense adds 0.2V for a VO of 
10.7V. Minimum input voltage is 95% of 
12V, or 11.4V, meaning that a buck regula-
tor capable of high duty cycle could be used 
to drive the LEDs. 

However, a buck regulator designed for the 
typical VO will be unable to control IF if 
VO-MAX exceeds the minimum input volt-
age. The same white LEDs with a typical VF 
of 3.5V have a VF-MAX of 4.0V. Headroom 
is tight under typical conditions, and the 
buck regulator will lose regulation with only 
a small increase in VF from one or more of 
the LEDs (Figure 3).

Pitfalls of Parallel LED Arrays

Whenever LEDs are placed in parallel, the 
potential exists for a mismatch in the current 
that fl ows through the different branches. 
The forward voltage, VF, of each LED varies 
with process, so unless each LED is binned 
or selected to match VF, the LED or LED 
string with the lowest total forward volt-
age will draw the most current (Figure 4). 
This problem is compounded by the nega-
tive temperature coeffi cient of LEDs (and all 
PN junction diodes). The LEDs that draw 
the most current suffer the greatest increase 

in die temperature. As their die tempera-
ture increases, their VF decreases, creating a 
positive feedback loop. Elevated die 
temperature both reduces the light output 
and decreases the lifetime of the LEDs.

The system in Figure 4 also illustrates a 
potential over-current condition if one of the 
LEDs fails as an open circuit. Without some 
protection scheme, the entire drive current 
IO will fl ow through the remaining LED(s), 
likely causing thermal overstress. Likewise, 
if one of the LEDs fails as a short circuit, the 
total forward voltage of that string will drop 
signifi cantly, causing higher current to fl ow 
through the affected branch.

To maintain safety and reliability in a 
parallel LED system, forward voltage should 
be binned or matched. Fault monitoring 
should detect LEDs that fail as either short 
or open circuits. Finally, the entire array 
should have evenly distributed heat sinking, 
to ensure that VF change with respect to die 
temperature occurs uniformly over all the 
LEDs.  ■

To read part 2 of this application note, visit 

www.national.com/ae4 
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Slim is in. 

Our SlimStack™ 
connectors keep 
getting smaller.
At less than 0.4mm pitch 
and 1.0mm stack height, 
our smallest board-to-
board connectors are very 
small. But if you don’t 
need something quite 
so small, our full line of 
micro connectors offers 
many choices. 

Molex gives you 
unmatched fl exibility 
for fi eld-proven board-
to-board connections, 
whatever the application. 
Visit our website to see 
what we offer today. If you 
don’t see what you need, 
call us at 1-800-78MOLEX. 
We’re always developing 
new products.
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Antennas continue to get smaller 
and cheaper. For example, Laird 
Technologies’ miniature Activv in-

ternal antenna circuit combines FM, im-
pedance matching, and signal amplifi ca-
tion. It replaces the company’s Radio-
Ant antenna and provides 5-dB greater 
sensitivity over a frequency range of 76 
to 108 MHz in a 25% smaller package. 
Prices range from 50 cents to $2 (vol-
ume quantities), depending on the level 
of customization.

Omron’s surface-mounted polymeric 
antenna, the WXA-N2SL, transmits and 
receives in the 3.1- to 4.9-GHz UWB 
(ultrawideband) WiMedia Alliance (www.

wimedia.org) BandGroup 1. The antenna’s 
fi lter-assistance function suppresses out-
of-band noise by 50% or more, enabling 
high-quality communications between 
these wireless devices even in noisy 
environments. The antenna measures 
10�13�1.2 mm with a VSWR (voltage-
standing-wave ratio) of less than 2.5 in the 
3.1- to 4.9-GHz band and greater than 6 in 
the 7- to 11-GHz band. The linearly polar-
ized device has a feed impedance of 50� 
and sells for approximately $3 (100).

—by Margery Conner
�Laird Technologies, www.lairdtech.
com.
�Omron, www.components.omron.com.

Competing for industrial applications 
such as monitoring, visualization, control, 
and test and measurement, MEN Micro 
recently introduced the F18 CompactPCIe 
(PCI Express) single-board computer. 
The 64-bit board employs Intel’s 2.2-
GHz T7500 CoreT2 Duo processor and 
includes a 667/800-MHz front-side bus 
and the mobile Intel 965GM Express chip 
set with a built-in graphics-media accel-
erator. The 32-bit, 33-MHz F18 system-
slot or stand-alone board needs only one 
slot on the CompactPCIe bus. Designers 
can combine the F18 with a PCIe mezza-
nine card for use as a system-slot board 
in CompactPCIe systems.

Front-panel I/O includes VGA graph-
ics, two GbE (Gigabit Ethernet) ports that 
connect through PCIe, and two USB 2.0 
interfaces. Additional I/O is available on 
mezzanine cards and includes DVI (digi-
tal-video interface), audio, additional USB 
interfaces, UART interfaces, and FireWire. 
The F18 enters the market with board-
support packages for Windows, Linux, and 
VxWorks. Prices start at $3719 (one) for 
systems with 4 Gbytes of system memory.

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

Small antennas suit FM, UWB bands

EDITED BY FRAN GRANVILLE

The latest F18 CompactPCI Express sin-
gle-board computer incorporates Intel’s 
CoreT2 Duo processor and features 
accelerated graphics performance.

INNOVATIONS & INNOVATORS

Omron’s WXA-N2SL UWB antenna suits applications such as wireless-USB 
dongles, hubs, PCs, mobile equipment, and digital-home appliances.

CompactPCI Express 
module boasts dual 
processors
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Tektronix has announced 
a new end-to-end high-
speed serial-data-analy-

sis-software package with test 
capabilities that extend from 
transmitter to receiver, includ-
ing the connecting channel. 
The package, 80SJNB Ad-
vanced, is the latest version of 
80SJNB (8000-series instru-
ment software for jitter, noise, 
and BER, or bit-error-ratio) 
measurement. It runs on the 
manufacturer’s DSA8200 digi-
tal serial analyzer, an ultrawide-
bandwidth sequential-sam-
pling oscilloscope. Combined 
with the DSA8200’s TDR/
TDT (time-domain refl ectome-
try/time-domain-transmission) 
and S (scattering)-parame-
ter support through iConnect 
software, 80SJNB Advanced 
provides engineers with what 
Tektronix calls the fi rst com-

plete SDLA (serial-data-link-
analysis) package to ensure 
that a readable signal reaches 
the receiver.

The package incorporates 
FFE (feedforward equaliza-
tion) and DFE (decision-feed-
back equalization) to provide 
a virtual view of the signal as 
it appears at the comparator 
inside the receiver. Emulation 
of the interconnect channel 
makes it possible to measure 
how the transmitter performs 
with different interconnects. 
Support for fixture de-em-
bedding enables virtual prob-
ing of inaccessible points. The 
complete SDLA offering pro-
vides the fundamental mea-
surements to validate equip-
ment compliance with high-
speed-serial standards, such 
as 10-GbE (Gigabit Ethernet), 
PCI Express, and SATA (serial 

advanced-technology attach-
ment), enabling the develop-
ment of higher performance 
digital products.

“Because of [emerging] se-
rial-interface standards’ higher 
speed, test fi xturing and small 
differences in the channel can 
cause signifi cant variations in 
signal characteristics,” says 
Eric Kvamme, principal engi-
neer at LSI Corp (www.lsi.com). 
“With the ability to de-embed 
fixtures, emulate channels, 
and model equalization on the 
high-speed scope, Tektronix’s 
new SDLA tools, including 
the DSA8200 with 80SJNB 
Advanced software, help us 
to more quickly characterize 
our serial products and evalu-
ate their performance under 
additional scenarios and thus 
provide our customers with 
more robust [ways to meet 
their communications require-
ments].”

“Equalization” is a broad 
term that describes several 
techniques for manipulating 
the signal shape to overcome 
the channel’s frequency-de-
pendent loss. At the receiver, 
this loss changes the NRZ 
(non-return-to-zero) data sig-
nal’s shape from the desired 
square wave to a severely dis-
torted, closed-eye waveform. 
The 80SJNB Advanced pack-
age provides FFE and DFE on 

the receiver side and supports 
generation and measurement 
of pre- and de-emphasis on 
the transmitter side.

Another capability of the 
software is channel emulation, 
which gives users a pushbut-
ton way to see waveform im-
pairments caused by channel 
(interconnect) transmission 
loss. Through channel emula-
tion, engineers can acquire a 
signal at the transmitter out-
put and distort it by sending 
it through an emulated chan-
nel, which can be a backplane, 
a connector, or anything that 
TDR/TDT or S-parameters can 
describe. This approach allows 
verifying of link performance at 
the channel end without wait-
ing for hardware to become 
available. Final analysis em-
ploys BER eye diagrams and 
the jitter- and noise-decompo-
sition capabilities of 80SJNB 
Advanced.

Acquisition and advanced 
analysis of complex signals 
are increasingly necessary 
on transmitters with SSC 
(spread-spectrum clocking), 
which is common in desktop 
and laptop PCs, and in the 
SATA and PCI Express stan-
dards. The DSA8200 with 
80SJNB Advanced provides 
engineers with a sampling 
scope that can perform SSC 
acquisitions and jitter analysis.

The US suggested price for 
the 80SJNB Advanced pack-
age is $15,800 when you or-
der it with a new DSA8200. 
Current 80SJNB software li-
censees can download a free 
version of 80SJNB Essentials 
from www.tek.com or can up-
grade to 80SJNB Advanced 
for $4900. The package sup-
ports older Tektronix sampling 
mainframes, though some may 
require upgrades.

—by Dan Strassberg
�Tektronix Inc, www.tek.
com.
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Software opens your eyes 
to serial-data-link-error sources

With the 80SJNB Advanced and iConnect software packages, 
the DSA8200 digital serial analyzer becomes what the manufac-
turer calls the first complete serial-data-link-analysis package to 
ensure that a readable signal reaches the receiver.

DILBERT By Scott Adams 
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Run Smarter, Run Longer
System-Side Impedance Track™ Battery Fuel Gauge

High-Performance Analog >> Your Way, Technology for Innovators, Impedance Track and the red/black banner are trademarks of Texas Instruments. 1923A0  © 2007 TI  

Accuracy, Plus Secure Data Under All Conditions

Maximum Run Time

Low Discharge, High Temp, New Cell

High Discharge, Low Temp, Aged Cell

Save to Disk/Flash

Battery Capacity

Vo
lta

ge

For samples and evaluation modules, visit >> 
www.ti.com/bq27500
800.477.8924 ext. 1407

Power 
Managementbq27500

2.5
mm

4mm

High-Performance Analog >>Your Way

The new bq27500 system-side battery fuel gauge from Texas Instruments accurately predicts battery run time in smart 
phones and other handheld electronic devices. Featuring TI’s patented Impedance Track technology, the IC maintains 
accuracy for the entire life of the battery under all conditions, reserves energy to save data and never sacrifi ces run time.
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Synopsys is broaden-
ing its DesignWare sili-
con and verifi cation-IP 

(intellectual-property) portfo-
lio with the DesignWare sys-
tem-level library, a group of 
SystemC transaction-level 
models. This introduction sig-
nals a change in the compa-
ny’s attitude: Synopsys once 
backed SystemC’s main rival, 
SystemVerilog, and acquired 
that software’s inventor, CoDe-
sign. In the 1990s, when Co-
Ware (www.coware.com) intro-
duced SystemC, Synopsys em-
braced it, co-founded the OSCI 
(Open SystemC Initiative, www.
systemc.org), and contributed 
an open-source simulator to 
the organization. Markus Wil-
lems, product-marketing man-
ager for system-level solutions 
at Synopsys, acknowledges 
that the company shifted its 
focus toward SystemVerilog 
and away from SystemC as a 
next-generation language. He 
emphasizes that Synopsys did 
not abandon SystemC, howev-
er. The company has for many 
years supported the language 
in its simulation lineup. “With 
the upswing of the transaction-

level-modeling concept … the 
market’s become highly inter-
esting to Synopsys,” he says. 
“Now, the concept of building 
virtual platforms for prehard-
ware-software development 
is coming to maturity, and the 
market is requesting a Sys-
temC-based solution.”

Attesting to the focus on 
SystemC, Synopsys two years 
ago acquired Virtio Corp and 
its Virtual Platform technology, 
which allows design groups to 
create a transaction-level vir-
tual prototype of a device. The 
groups then send one copy of 
the prototype to hardware de-
signers to begin the hardware 
design and another to software 
groups to develop fi rmware, an 
operating system, drivers, and 
applications for the platform. 
The technology’s most notable 
success has been with Tex-
as Instruments (www.ti.com), 
which uses the tool to create 
architecture derivatives of its 
OMAP (Open Multimedia Ap-
plications Platform). Originally, 
Virtio developed a proprietary 
transaction-level model for cus-
tomer platforms but supported 
SystemC. However, customers 

are now opting for SystemC 
over other types of transaction-
level models. With DesignWare, 
Synopsys hopes to help Virtio 
customers more quickly build 
platforms and help companies 
using SystemC models to de-
velop their own architectures, 
because the models work with 
any IEEE 1666 SystemC-
compliant simulators.

The library comprises Sys-
temC transaction models of 
commonly used IP blocks and 
functions. It includes ARM7-
TDMI, ARM920T, ARM926EJ-
S, ARM946E-S, ARM-1136-
JFS, and ARM1176JZFS pro-
cessor models; ARM AMBA 
(Advanced Microcontroller Bus 
Architecture), AHB (advanced 
high-performance bus), and 
AMBA APB (advanced periph-
eral bus); peripherals; a UART 
interface; an interrupt controller; 

and an I2C interface. Synopsys 
has also added several mod-
els of its DesignWare cores, 
including models for USB 2.0, 
High Speed OTG (On-The-Go), 
SATA (serial advanced-tech-
nology attachment), and AHCI 
(advanced host-controller inter-
face). The library also includes 
platforms combining these 
functions with others. Preas-
sembled platforms include the 
VPMP (virtual-platform-multi-
media-player) demo, the VPAI 
(virtual platform for ARM inte-
grator), the VPQSML (virtual-
platform quick-start multilayer), 
and the VPTest (virtual-plat-
form test).

Traditionally, Synopsys has 
drawn revenue from creat-
ing these models for custom-
ers such as TI. The new library 
functions will allow customers 
to fi ll most of their platforms 
with models from the library, but 
Willems believes that custom-
ers will still likely hire Synopsys 
services to model unique logic 
functions in their designs or 
functions that the library lacks.

—by Michael Santarini
�Synopsys, www.synopsys.
com.
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Synopsys releases SystemC-model library

The tech-
nology’s 

most notable 
success has 
been with Texas 
Instruments.

Targeting use in high-den-
sity-local-storage applications, 
such as tactical area maps, 
radar images, and software-
programmable radio-elec-
tronic-intelligence data, Aitech 
Defense Systems’ new M222 
PMC (PCI mezzanine card) 
provides sustained data trans-
fers as fast as 130 Mbytes/
sec and consumes less than 
7W.  The board incorporates as 
much as 64 Gbytes of NAND-
fl ash memory in two indepen-
dent banks with integrated 
FPGA-based DMA (direct-

memory-access) controllers. 
The M222 provides full fi le-
system read/write emulation, 
automatic block management, 
and interleaved DMA of as 
many as 32 memory banks.

An automatic wear-leveling 
fl ash-driver package ensures 
the uniform balancing of write/
erase cycles across the entire 
device to eliminate excessive 
wear from repeated write/
erase cycles to any individual 
block. The onboard DMA con-
troller provides “write-ahead” 
buffers for write/erase opera-

tions to increase data through-
put. An optional memory-man-
ager software package auto-
matically treats the fl ash mem-
ory as the system’s disk drive 
to provide real-time-operating-
system support. The single-slot 
PMC module connects to, and 
takes all of its power from, the 
CompactPCI, VMEbus, or PCI 
baseboard. The price for an 8-
Gbyte M222 starts at $5670.  
Delivery is from stock to four 
weeks.—by Warren Webb
�Aitech Defense Systems 
Inc, www.rugged.com.

Mezzanine card boosts memory performance

The high-density, low-power 
M222 flash-memory PCI 
mezzanine card provides 
data-transfer rates of more 
than 130 Mbytes/sec 
through FPGA-based DMA 
controllers.
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Texas Instruments produces a portfolio of low-power, low-jitter, programmable clock generators capable of generating up to nine 
output clocks from a single input frequency – each output is programmable in-system for any clock frequency up to 230MHz. 
This level of functionality provides the system designer with capabilities previously unavailable in clock/timing products.

Applications
– Digital media systems (audio/video)
– IP-STB/TV/phone
– Streaming media (DVD-P/R) 
– GPS receivers
– Portable media and printers
– TI DSP, OMAP™ and DaVinci™ media processors 

Features
– 1.8V, 2.5V and 3.3V I/O
– 1 to 4 PLLs
– Spread Spectrum Clocking (SSC) reduces affects of EMI
– I2C and EEPROM programmability
– On-chip Voltage Controlled Crystal Oscillator (VCXO)
– 14-, 16-, 20- and 24-pin TSSOP

OMAP, DaVinci, High-Performance Analog >> Your Way, Technology for Innovators and the red/black banner are trademarks of Texas Instruments. 1947A0  © 2007 TI  

Flexible Clock Generators 
Multiple I/O-V and Programmability Ease System Design 

For samples, evaluation modules, visit>>
www.ti.com/programmableclocks
800.477.8924, ext. 13971

Device Supply Voltage (V) I/O Voltage (V) # of PLL # of Outputs Output Frequency (MHz) Temperature Range (˚C) Package (TSSOP)

CDCE949 1.8 2.5/3.3 4 9 230 –40 to +85 24

CDCE937 1.8 2.5/3.3 3 7 230 –40 to +85 20

CDCE925 1.8 2.5/3.3 2 5 230 –40 to +85 16

CDCE913 1.8 2.5/3.3 1 3 230 –40 to +85 14

CDCEL949 1.8 1.8 4 9 230 –40 to +85 24

CDCEL937 1.8 1.8 3 7 230 –40 to +85 20

CDCEL925 1.8 1.8 2 5 230 –40 to +85 16

CDCEL913 1.8 1.8 1 3 230 –40 to +85 14
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Battery-gauge ICs for lith-
ium-ion-battery packs 
have always involved 

complex algorithms. For ex-
ample, battery gauges in lap-
top computers and cell phones 
measure current, voltage, and 
temperature and integrate the 
current over time to fi nd the 
charge. They must model the 
cell’s reaction to discharge rate, 
temperature, age, and self-dis-
charge rate, and they must re-
learn the full-charge capacity 
over time. They also must pre-
dict and accumulate the error 
for all of these numbers.

Texas Instruments addresses 
this complexity and bets that 
user demand for more accurate 
gauging will make consumer-
electronic vendors eager to 
incorporate its new gauges, 
which employ the company’s 
Impedance Track technology. 
The new system-side bq27500 

incorporates Impedance Track 
to directly measure the effects 
of discharge rate, age, and 
temperature on battery charge. 
This sophisticated direct-meas-
urement technique allows the 
gauge to calculate the effect 
on remaining and full-charge 
capacity with no modeling or 

learning. TI claims that the 
technology provides 99% ac-
curacy in gauging remaining 
battery charge, and that fi gure 
is accurate, according to Robin 
Tichy, PhD, technical-marketing 
manager at battery-pack-de-
sign house Micro Power (www.
micro-power.com).

Tichy points to applications 
in medical electronics for life 
support as appropriate uses 
for Impedance Track. These 
applications require batteries 
that provide a precise count-
down to 30 minutes before 
the battery power runs out. As 
a result, most life-support elec-
tronics rely on sealed lead-ac-
id backup batteries rather than 
on lithium-ion devices because 
lead-acid batteries’ predict-
ably constant slope makes 
them easy to gauge. In con-
trast, lithium-ion batteries’ dis-
charge profi le is constant until 
just before the batteries com-
pletely discharge, when it de-
creases sharply. However, TI’s 
Impedance Track provides an 
accurate measurement on the 
remaining battery power, al-
lowing the use of Micro Pow-
er’s lithium-ion-backup-battery 
packs in critical medical appli-
cations, according to Tichy.

—by Margery Conner
�Texas Instruments, www.
ti.com.
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Battery-fuel-gauge chip 
provides 99% accuracy

The bq27500 system-side battery-fuel gauge from Texas 
Instruments uses the company’s Impedance Track technology 
to accurately predict battery life.

Power-conversion efficiency 
is important in server farms in 
which more than 10,000 blade 
servers share the same facility: 
For every watt at the load, the 
farm consumes 2W of energy 

due to delivery losses, and an 
increase in power-conversion 
effi ciency results in double the 
overall energy savings. To ad-
dress these problems, Cold-
watt based its new 1U ac/dc-
converter, 750 and 1625W 
power subsystems on a digi-
tal-power-conversion platform. 
A Silicon Labs (www.silabs.
com) C8051F30x microcon-
troller powers the platform, and 
Coldwatt offi cials claim that 
the power system is more ef-
fi cient than traditional analog-
loop power converters.

A power converter with a 
digital-control loop has no 
clear advantage over tradition-
al analog closed-loop systems 

powering a fi xed load, because 
you can tune the analog loop 
and fi lter to match the load. 
However, when the load can 
swing widely, a power con-
verter with a digital loop can 
be more effi cient over the load 
swings. For example, in a re-
dundant supply for a server 
farm, the redundant supply 
seldom operates at full load; 
its load instead typically varies 
from 10 to 40% of full load. In 
contrast, Coldwatt’s 1625W 
power module delivers 90% 
efficiency at 20% or high-
er load, which the company 
claims is a 20% effi ciency ad-
vantage in this range over ana-
log supplies. Further, the Cold-

watt supplies can quickly react 
to a condition that requires the 
redundant supply to switch to 
a full load. The supplies’ effi -
ciency and active power-factor 
correction qualify them for the 
2009 Climate Savers (www.
climatesaverscomputing.org) 
industry initiative for data-cen-
ter supplies.

In addition, the supplies’ 
black box continuously moni-
tors and records critical pow-
er parameters, such as input 
voltage, output voltage, and 
temperature for increased 
traceability and fault analysis. 
The 1625W, 1U ac/dc-power 
subsystem sells for $317, and 
the 750W, 1U supply sells for 
$157 (1000).

—by Margery Conner
�Coldwatt, www.coldwatt.
com.

AC/DC converters efficiently handle 
load changes with digital-control loop

Coldwatt’s 1625W power 
module delivers 90% effi-
ciency at 20% or higher loads, 
an important feature for redun-
dant supplies, which seldom 
operate at full load.
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Part 
Number

Resolution
(Bits)

Sample 
Rate

Max Integral 
Linearity (LSB/ppm)

SNR, noise rms
(dB/ppm of FSR)

Power @
100 kSPS

Price
($U.S.) @ 1k

AD7982 18 1 MSPS 2.5 LSB, 10 ppm 99 dB, 4 ppm 750 W 23.00

AD7690 18 400 kSPS 1.5 LSB, 6 ppm 102 dB, 2.8 ppm 4.4 mW 19.50

AD7691 18 250 kSPS 1.5 LSB, 6 ppm 102 dB, 2.8 ppm 4.4 mW 14.50

AD7980 16 1 MSPS 2 LSB, 30 ppm 91.5 dB, 9.4 ppm 750 W 19.50

AD7693 16 500 kSPS 0.5 LSB, 8 ppm 96.5 dB, 5.3 ppm 3.6 mW 18.00

AD7685 16 250 kSPS 2.5 LSB, 38 ppm 93.5 dB, 7.5 ppm 1.35 mW 6.50

AD7942 14 250 kSPS 1 LSB, 61 ppm 85 dB, 20 ppm 1.25 mW 4.75

AD7982

• 18-bit, 1 MSPS, 10 ppm INL max, 99 dB SNR
• Low power scaling with throughput:

7.5 mW @ 1 MSPS, 75 W @ 10 kSPS
• Tiny packages: 10-lead MSOP or LFCSP
• Serial SPI interface with daisy chain
• True differential input 5 Vpp or 2.5 Vpp

AD7980

• 16-bit, 1 MSPS, 7.5 mW, 30 ppm INL max 
• Same pinout as AD7982
• 5 V or 2.5 V input with ground sense

Recommended ADC Drivers

• ADA4841-x family of Op Amps
• Low noise and distortion at 1.1 mA
• Rail-to-rail outputs and dc precision

18-bits, 1 MSPS, 7.5 mW, 9 mm2: breakthrough
performance for medical, industrial designs
In medical, industrial, instrumentation, and sensor equipment, low-power 
consumption and portability are critical to performance optimization.
That’s why our new PulSAR® successive approximation analog-to-digital
converters represent milestones in precision data conversion technology.
Compared to competitive offerings, these ADCs use less than 5% of the
power, and are just 20% the size, while maintaining uncompromised 
performance in other areas such as ac specifications and dc linearity.
This family of converters is ideal for challenging applications that require
low heat dissipation, extended battery life, and high channel integration.

For more information about Analog Devices’ PulSAR technology, please visit 
www.analog.com/pulsar-small or call 1-800-AnalogD.

Precision ADCs with size and power at a record low.
In data conversion, analog is everywhere.

All products are pin-compatible in 10-lead MSOP or 10-lead 3 mm 3 mm LFCSP.

www.analog.com/pulsar-small
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Mentor Graphics Inc 
has for more than a 
decade been go -ing 

head to head against Synplic-
ity (www.synplicity.com) in the 
FPGA-synthesis market. Now, 
Mentor hopes to grab a great-
er share of that market with 
the new Precision RTL Plus 
FPGA-synthesis tool, empha-
sizing that the company’s syn-
thesis offerings are FPGA-ven-
dor-independent. The company 
fi rst offered Leonardo and then 
followed that line with Precision 
RTL, a general-purpose, FPGA-
vendor-neutral synthesis tool 
that competed directly with 
Synplicity’s Synplify FPGA-syn-
thesis tool. The company a few 
years ago followed with a phys-
ical-synthesis version of Preci-
sion RTL. Designers would use 
the physical-synthesis tool af-
ter running an FPGA vendor’s 
placement-and-routing sys-
tem. With user guidance, the 
tool would locate critical paths 
in the layout of an FPGA and 
then fi nd various areas from 
which users could squeeze 
performance and reduce foot-
print in the FPGA. Although the 
physical-synthesis tool helps 
designers get the best perform-
ance and smallest area from 
an FPGA, the technology is too 
advanced for the mainstream-
FPGA-design market and is 
not vendor-independent.

Mentor and its competitors 
in FPGA synthesis have tradi-
tionally built knowledge of each 
FPGA architecture into their 
tools—a daunting and time-
consuming task. For that rea-
son, vendors favored just one 
FPGA vendor—Xilinx (www.
xilinx.com)—over others and 
supported only a few devices 
in an FPGA family. Meanwhile, 
traditional RTL synthesis also 
has issues. “Achieving timing 

closure takes too many itera-
tions [between synthesis and 
place and route], and each it-
eration can take as long as 10 
hours to perform,” says Daniel 
Platzker, Mentor’s FPGA-prod-
uct-line director at the design-
and-synthesis division. “Users 
also face the challenge of how 
to control the mapping of HDL 
into dedicated resources.” With 
Precision RTL Plus, Mentor 
hopes, designers will get the 
right mix of advanced func-
tions, usability, productivity, and 
vendor neutrality.

New features of Precision 
RTL Plus are automatic incre-
mental synthesis, which reduc-
es the number of iterations and 
the time it takes to run each it-
eration, and a patent-pending 
technology for resource man-
agement, which maximizes the 
use of the dedicated resources 
in an FPGA. Whereas Mentor’s 
and competitors’ physical-syn-
thesis tools typically support 
only one or two FPGA vendors 
and devices, the Precision RTL 
Plus incremental-synthesis 
engine and resource-manage-
ment technology allow Preci-
sion RTL Plus to support 19 
devices from Actel (www.actel.
com), Altera (www.altera.com), 
Lattice Semiconductor (www.
latticesemi.com), and Xilinx.

Unlike with FPGA physical 
synthesis, designers use Pre-
cision RTL before placement 
and routing. “We have a lot of 
intimate knowledge of the de-
vice resources but not neces-
sarily to the same granularity 
as the previous technology,” 
says Platzker. Instead, the tool 
performs several estimations 
to evaluate the design, a de-
vice’s architectural resources, 
and its routing resources. Us-
ing these estimates, the tool 
identifies critical paths and 

automatically builds an opti-
mized netlist for FPGA ven-
dors’ place-and-route tools. 
The tool does not perform pre-
placement or drive FPGA ven-
dors’ place-and-route tools. 
“We let place-and-route tools 
do what they do best: place for 
best perform ance,” says Platz-
ker. The result, he says, is 5 to 
50% better maximum clock 
frequency over other vendors’ 
tools, with an average improve-
ment of 10%.

The last generation of 
FPGA-synthesis tools used 
partition-based synthesis. If a 
design required a change, us-
ers changed just one partition, 
leaving the other partitions in-
tact. This approach has proved 
somewhat useful for team-
based design, but it can be too 
complex and time-consuming 
for individual designers. To ad-
dress this problem, the auto-
matic incremental-synthesis 
engine works late in the design 
cycle when designers require a 
small change for debugging or 
a change in the specifi cation. It 
can save as much as 60% in 
runtime, according to Platzker. 
Rather than employing a par-
titioned design, the tool com-

pares requested changes with 
the initial synthesis run. “We are 
not paying attention to design 
time stamps, to comments, or 
to all kinds of changes,” says 
Platzker. “Once we identify the 
changes, we start to propagate 
them to the rest of the design 
looking for the best results.”

The tool collaborates with 
Xilinx’s automatic incremental 
place-and-route tool. “If you 
use both tools together, you’ll 
have a fully automatic design 
fl ow,” says Platzker, noting that 
the combination can give you a 
threefold to tenfold productiv-
ity improvement, depending on 
design size and complexity. The 
engine also supports partition-
based design for users who 
prefer it. The automatic incre-
mental-synthesis engine runs 
on only the partitioned area, 
comparing the changed netlist 
for the partitioned area with 
the original and then perform-
ing the same selective quality-
of-results optimizations.

Precision RTL Plus also fea-
tures a resource manager to 
help design teams get the most 
from the dedicated resources 
in a vendor’s FPGA. The tool 
creates a graphical representa-
tion of an FPGA’s architecture 
and its available resources. The 
tool includes a cross-probing 
feature to locate and fi x prob-
lems. Using the tool, a designer 
routes a critical path with nega-
tive slack into a dedicated RAM 
block. The designer can iden-
tify and remedy the problem 
with the tool by remapping the 
path into the FPGA fabric, es-
sentially eliminating it as a criti-
cal path. Mentor worked with all 
the major FPGA vendors and 
some of the small start-ups to 
ready Precision RTL Plus for 
the mass market. Prices start 
at $27,100.

—by Michael Santarini
�Mentor Graphics, www.
mentor.com.
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pulse
Mentor launches FPGA-synthesis tool

The auto-
matic incre-

mental-synthe-
sis engine works 
late in the 
design cycle 
when designers 
require a small 
change for 
debugging or a 
change in the 
specification.
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www.analog.com/16-bitDACs

More 16-bit DAC performance for more designs.
In process control, analog is everywhere.

All prices shown are $U.S. at 1k quantities unless otherwise noted.
All parts16-bit resolution.

New Levels of Performance and Flexibility for
Open-Loop and Closed-Loop Applications
Our newest portfolio of industrial 16-bit DACs offers best-in-class 
performance, and a world of system configuration possibilities. You’ll find
single, dual, and quad option DACs, in small packages, with a full range of
design tools and support. In addition to these DACs, Analog Devices offers
hundreds of other IC solutions to meet all your process control needs. For
more information, visit www.analog.com/16-bitDACs or call 1-800-AnalogD.

AD5754
Flexible Solution for Closed-Loop Systems
The AD5754 provides a software selectable output range of 5 V,
10 V, ±5 V, and ±10 V for cost-efficient system configuration.

AD5064
High Performance for Open-Loop Systems
The first low voltage quad with ±1 LSB INL @ 16 bits.
Unmatched accuracy and pin functionality, combined.

Price

$7.50

$11.25

$15.95

$35.70

$6.95

$10.05

$10.45

     Description

Single, 5 V, �1 LSB INL (max), 1 mA @ 5 V

Dual, 5 V, �1 LSB INL (max), 2.3 mA @ 5 V

Quad, 5 V, �1 LSB INL (max), 5 mA @ 5 V

Quad, �15 V, �1 LSB INL (max)

Dual, software-programmable output range of 5 V, 10 V,
�5 V, �10 V in 24-lead TSSOP
Quad, software-programmable output range of 5 V, 10 V,
�5 V, �10 V in 24-lead TSSOP

Quad, 5 V, 5 ppm ref, in 3 mm � 3 mm LFCSP

Part No.

Ideally Suited to Open-Loop

AD5060

AD5065

AD5064

AD5764

Ideally Suited to Closed-Loop

AD5752

AD5754

AD5664R
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First, the feedback resistor of a cur-
rent-feedback-amp circuit must stay 
within a small range of values. Low-
er value resistors reduce the current-
feedback amp’s stability. The feedback 
resistor’s higher values reduce the cur-
rent-feedback amp’s bandwidth. You 
can find the prescribed feedback-re-
sistor value in the current-feedback 
amp’s product data sheet. The volt-
age-feedback-amp’s feedback-resis-
tance value is more forgiving. This 
amplifier’s drive capability limits the 
resistor’s minimum value, and the 
overall circuit noise limits the maxi-
mum value. 

Figure 1 shows a circuit that is ap-
propriate for either a current- or a 
voltage-feedback amp. If the feedback 
resistance, RF, equals 2RIN, where RIN 
is the input resistance, the closed-loop 
gain of each channel is �2V/V. At 
first glance, it is easy to assume that 
the closed-loop bandwidth equals the 
gain-bandwidth product divided by 
each channel’s gain, or |�2V/V|. 
Don’t make this assumption!

If you use a voltage- or current-feed-
back amp with the circuit in Figure 1, 
the noise gain is:

where N is the number of input chan-
nels. This circuit’s bandwidth, with 
a voltage-feedback amp, equals the 
gain-bandwidth product divided by 
the noise gain. For instance, if you 
have a voltage-feedback amp with a 
gain-bandwidth product of 180 MHz 
and there are three input channels 
(N�3) at a gain of �2V/V, the cir-
cuit’s closed-loop bandwidth is 25.7 
MHz. Additional channels reduce the 
closed-loop bandwidth, even though 
the input signals continue to see a 
gain of �2V/V.

If you use a current-feedback amp 
with the circuit in Figure 1, the am-
plifier’s closed-loop bandwidth de-
pends less on the closed-loop gain 
and the number of input channels. If 

you design this circuit with such an 
amp, you would first pick the opti-
mum feedback resistor, per the man-
ufacturer’s specification and the cir-
cuit’s noise gain. You would then se-
lect the appropriate value for RIN. 
From this point, if you add channels 
to the circuit, a small variation in the 
signal bandwidth and gain peaking in 
circuit may occur. If that scenario is a 
concern, go back and refine your feed-
back-resistor selection. For both cur-
rent- and voltage-feedback amps, the 
noise gain always equals the result of 
Equation 1, but you can reduce the 
feedback-resistor value with the cur-
rent-feedback-amp circuit and get an 
increase in circuit bandwidth.EDN

Bonnie Baker is a senior applications engi-
neer at Texas Instruments and author of 
A Baker’s Dozen: Real Analog Solu-
tions for Digital Designers. You can 
reach her at bonnie@ti.com.

BY BONNIE BAKER

Voltage- and current-feedback 
amps are almost the same

,,
B A K E R ’ S  B E S T

 C
urrent-feedback amplifiers have a higher slew rate than 
do voltage-feedback amplifiers. As such, current-feed-
back amps can better solve high-speed problems than 
their voltage-feedback counterparts. The name “cur-
rent-feedback amp” carries some mystique, but, gener-
ally, the application-circuit configurations for voltage- 

and current-feedback amps are the same, except for a few key points.

If you add 
channels to the 
circuit, a small 
variation in the 
signal bandwidth 
and gain peaking 
in the circuit 
may occur.

MORE   AT EDN.COM

Visit www.edn.com/bakersbest to 
read many more of Bonnie’s columns.

      Go to www.edn.com/071025bb 
and click on Feedback Loop to post a 
comment on this column.

+

Figure 1 If you vary the number of chan-
nels in this circuit, the current-feedback 
amp will help keep the closed-loop 
bandwidth constant. 
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Design with the best of them.

© 2007 Newark, a trademark of Premier Farnell Corp.  
All other trademarks, registered or unregistered, are the property of their respective holders.

A Premier Farnell Company

For your board and beyond, start at

www.newark.com
� More products, great value
� Same-day shipping
� Technical support
� Great website

Everything from evaluation kits to development systems is in stock, 
ready to ship today at www.newark.com 1.800.463.9275

New DaVinci™ Digital
Video Evaluation Module
Enables low-cost portable,
digital devices with HD
video capability. See
www.newark.com/ti
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The infrared LED and the tran-
sistor to drive the current for 
the LED provide the interface 
to the outside world to control 
the electronic entertainment 
devices. Some remote-control 
schemes implement three 
signals to control a device’s 
on/off state—an explicit on sig-
nal, an explicit off signal, and 
an on/off-toggle signal.

Perusing a universal remote

PRY FURTHER AT EDN.COM

Go to www.edn.com/071025pry 
for additional information on 
and images of universal remote 
controls.

BY ROBERT CRAVOTTA, TECHNICAL EDITOR P R Y I N G  E Y E S

These coils are battery 
contacts. To reduce 
cost, remotes may use 
a single-sided PCB; all 
of the traces are on the 
other side of this board. 

+

To reduce bill-of-material 
costs, you can directly 
attach the microcon-
troller silicon to the PCB 
without packaging and 
covered with epoxy. The 
microcontroller contains 
a ROM instance of the 
infrared database; users 
access the database 
through an API that is 
specific to the database 
vendor. In this example, 
to access a button entry, 
the API needs a device-
type code; a manufac-
turer code; and a key 
code, which corresponds 
to a row-and-column 
designation in the Zilog 
database.

 During the 1950s, Zenith Radio Corp introduced the first remote 
control for television. The Lazy Bones device used wires between 
the remote and the TV. Wireless remote controls appeared shortly 

thereafter, and the industry has been evolving and improving them ever 
since. As home-entertainment systems started to include more types of 
devices, such as DVD players, cable or satellite set-top boxes, and audio 
systems, the demand has grown to combine the separate remote controls 
for each of these devices into a single device.

An industrywide remote-control standard would be ideal, but such a 
solution seems unlikely in the immediate future. The URC (universal 
remote control) is an approach to help reduce the frustration of using 
multiple and incompatible remotes to control home-entertainment sys-
tems. This Philips Prestige SRU8015 includes many of the components 
that you typically find in URCs.

The EEPROM supports 
the learning function 
and allows the unit to 
store the user’s settings 
even between battery 
changes. The learn-
ing function stores the 
signal transitions and 
timings for each button 
code a user “teaches” it.

Four transistors on the left 
side amplify the IR input 
from the IR photodiode that 
enables the URC to support 
learning; newer designs 
may use a microcontroller 
that includes these transis-
tors to further reduce costs. 
The yellow package on the 
right side is a resonator to 
provide a low-cost clock 
source for the system. The 
electrolyte capacitor (black 
package) filters out the 
ripples and stabilizes the 
power in the system while 
the IR LED is active.

Special thanks to Zilog’s Dan Mui for his insights and knowledge about designing remote controls.

Using semitransparent rubber for 
the buttons and supporting surface 
enables the remote control to include 
backlighting for the buttons. 
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The language of technical computing.

Im
age: Kim

 Young-Sang, Jeong H
ee-Jun, Q
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Over one million people around the
world speak MATLAB. Engineers and
scientists in every field from aerospace
and semiconductors to biotech,
financial services, and earth and ocean
sciences use it to express their ideas.
Do you speak MATLAB?

Modeling electric potential in
a quantum dot. Contributed
by Kim Young-Sang at HYU.

This example available at
mathworks.com/ltc

Sprechen Sie
MATLAB?

®

Accelerating the pace of engineering and science
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Our customer, eager to start deliver-
ies, was field testing his few prototypes 
and noticed a peculiar intermittent 
problem. Sometimes, nothing appeared 
on the LCD screen, even though the 
behavior of the LEDs indicated that 
the firmware was running OK.

We couldn’t reproduce the problem 
in the lab. Two days later, the customer 
had more data. He contended that the 
problem happened only outdoors. Oh 
great, we thought—the old “works-
in-that-spot-but-doesn’t-in-that-other-
spot” failure. Given the limited amount 
of observation, we wondered whether 
the outdoors connection might be mere 
coincidence. The customer speculated 
that the unit had a temperature prob-

lem—that the units were overheating 
in warm weather or in direct sunlight. 
So, we asked him to test the units by 
running them for extended periods in 
a hot car. He reproduced the problem, 
but not consistently.

We began thinking it possible that 
direct sunlight was overheating the 
liquid-crystal material and rendering it 
dysfunctional. We tried some outdoor 
testing ourselves but couldn’t get the 
LCD to fail by leaving it out in the sun. 
The LCD was a complete OEM mod-
ule on whose glass its maker placed the 
controller chip to run its pixel array, 
providing designers with an easy micro-
processor-controllable display product. 
We didn’t expect to have to deal with 

inadequacies of the LCD physics, be-
cause we are electronics designers.

A little bit of extra education pro-
vided just the insight we needed, along 
with some finally consistent observa-
tions from the customer. Using several 
units, he managed to get the same be-
havior from each one. If he powered 
them up in the sun, the units failed to 
show anything on the LCD. If he pow-
ered them up while shading the LCD 
screen, they booted fine! Our educated 
theory? Somehow, sunlight reached 
some part of the controller chip, and 
a photoelectric effect of intense light 
hitting the chip-on-glass assembly was 
causing the silicon to malfunction, but 
only during its power-up cycle. It sound-
ed far-fetched, but we consistently con-
firmed the behavior. Now, we needed a 
solution. And our customer had already 
shipped some of his first production 
units and was dreading the returns.

Fortunately, the LCD module had 
a software-reset command. We tried 
using it on software start-up. Occasion-
ally, it worked, but occasionally wasn’t 
good enough. We then found that a 
brute-force loop of some 50 or so reset 
commands to the LCD-controller chips 
eventually brought around any that 
were failing to start up properly in the 
sunlight. Luckily, we had designed the 
product’s firmware for an easy field up-
date, so we solved the problem for pro-
duction and for the already-delivered 
units. It seemed pretty kludgy to us, but 
it always worked, and, in real time, it 
moved too fast for anyone to notice it.

Remember: Your engineering edu-
cation began with fundamental sci-
ence for good reasons. It helps you un-
derstand real-world problems, because 
chips and software aren’t always pure 
electronics-theory Tinkertoys that snap 
together and just work. And make sure 
beta-testing happens and that the users 
are good observers, with at least a little 
sense of scientific method.EDN

Design Engineer Chris Lee is one of 
the founders and owners of Cheshire 
Engineering Corp. Like Chris, you 
can share your tale and receive $200. 
Contact Maury Wright at mgwright@
edn.com.
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 A
s an independent design contractor, my company 
faces a variety of interesting design bugs. A recent 
one involved a portable consumer product that 
included a user interface comprising a keypad, a 
cheap monochrome LCD, and activity LEDs. Af-
ter two years of collaborative development work 

with our customer, the product was ready for launch.

Back to fundamentals
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S P E C I A L  A D V E R T I S I N G  S E C T I O N

A. By no means. Resistor noise 
is a common problem, and is 
often overlooked, but op amps 
themselves can be noisy too.

An op amp has three noise 
sources: voltage noise (Vn) across 
its inputs and current noise (In) in 
series with each input.

Vn can be as low as 900 pV/√Hz 
for op amps with bipolar junc-
tion transistor (BJT) inputs; 
amplifiers with JFET inputs can 
have around 2 nV/√Hz, but must 
use large devices with large 
input capacitance (~20 pF). Digital CMOS is 
noisy, which is why early CMOS op amps had 
a poor reputation for noise, but modern ana-
log CMOS processes can make op amps with 
noise of 6 nV/√Hz.

JFET and CMOS op amps have very low In, 
though. Some electrometer types have In as 
low as 0.1 fA/√Hz, but values in the range 10 
to 50 fA/√Hz are more common. Bipolar op 
amps have much higher current noise — up 
to several pA/√Hz for wideband types.

In low impedance circuits, In does not mat-
ter. In high impedance circuits, on the other 
hand, even a small In will produce a large 
noise voltage. So, for high impedance appli-
cations, we must choose op amps with low 
In. If, however, we require very low noise, we 
must choose op amps with low Vn and use 
low impedances. In the middle impedance 
ranges, as we saw last month, the thermal 
noise of the resistors dominates.

Over most of their frequency range, op amps 
have white (constant spectral density) noise, 
but at low frequency the noise rises at 3 dB/
octave from the “1/f corner frequency.” So, 
if low noise at low frequency is required, we 
must consider the 1/f corner as well as Vn and 

In. This requires us to choose a value compat-
ible with our operating frequencies.

When op amps were new, “popcorn noise” 
was a serious issue that resulted in random 
discrete offset shifts in a timescale of a few 
tens of milliseconds. This made a noise like 
cooking popcorn if sent to a loudspeaker. 
Some devices were so badly affected that, 
in the words of an engineer affected by the 
problem, “You could measure it with a frog’s 
leg and a stopwatch.”1 Today, although pop-
corn noise can still occasionally occur during 
manufacturing, the phenomenon is sufficient-
ly well understood that affected devices are 
detected and scrapped during test.

This is too complex a topic for a short RAQ; 
visit the link for a more detailed discussion.

Q. Last month you blamed op amp noise on external 
resistors. Surely this is not always the case?

To learn more 
about noise, 

Go to: http://rbi.ims.ca/5407-101

Contributing Writer 

James Bryant has been 

a European Applica-

tions Manager with 

Analog Devices since 

1982. He holds a degree 

in Physics and Philoso-

phy from the Univer-

sity of Leeds. He is also 

C.Eng., Eur.Eng., MIEE, 

and an FBIS. In addi-

tion to his passion for 

engineering, James is 

a radio ham and holds 

the call sign G4CLF.

S P O N S O R E D  B Y

Op-Amp Noise Can Be Deafening, Too

Rarely Asked Questions

R A Q ’ s

1 This refers to Alessandro Volta, after whom the volt is 
 named, who in 1791 observed that electrical currents 
 applied to the legs of a recently-killed frog made them 
 twitch and used the phenomenon to detect electricity.
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Engineers at the Japanese company Yaskawa conceived the 
term “mechatronics” almost 40 years ago, yet people have 
until recently rarely used the term. Although a simple elec-
tromechanical circuit might meet the broadest definition of 
mechatronics, proponents prefer to apply the term to projects 
requiring a much higher level combination of disciplines, in-
cluding electrical-circuit design, computer-aided-machine de-
sign, digital-control systems, and real-time-computer software. 
This new interest has sparked a number of leading universi-

ties to offer course work and even engineering degrees in me-
chatronics methodology. For example, North Carolina State 
University and the University of North Carolina offer a joint 
curriculum leading to a bachelor’s degree in engineering with 
a mechatronics concentration.

Mechatronics offers a system-level approach to system de-
sign that reduces product-development times and risk through 
the use of simulation, computer-aided design, virtual proto-
typing, and design-tool integration. Mechatronics techniques 
allow designers to accurately simulate the perform ance of a 
machine early in the design process to ensure that the ma-
chine meets requirements and customer expectations. Unlike 
traditional electromechanical-system development, the vir-
tual-simulation objectives of mechatronics tools provide the 
potential for simultaneous development of mechanical, elec-
trical, and software elements. Automatic tools on the horizon 
promise to extend the control-system design from mostly trial 
and error to optimization through simulation. Mechatronics 
does require a substantial learning curve and time investment 
in system modeling that most embedded motion-control proj-
ects would not otherwise require.

        MECHATRONICS-BASED 
embedded  
            design

AS NEW DESIGNS COMBINE ELEC-

TRONIC CIRCUITRY, MECHANICAL 

ACTUATORS, AND MICROPROCESSOR 

SOFTWARE, A GROWING PERCENT-

AGE OF EMBEDDED DEVELOPMENT 

FALLS UNDER THE RECENTLY REVIVED 

“MECHATRONICS” MONIKER.

BY WARREN WEBB • TECHNICAL EDITOR

 W
ith fully interactive prod-
ucts now the norm, me-
chanical-control circuitry 
has emerged as an integral 
part of embedded-system 
design. Although designers 
have since the early days 

of electronics used electromagnetic-control cir-
cuits to energize motors, relays, solenoids, and 
speakers, today’s “smarter” motion-control com-
ponents replace traditional mechanical elements 
with microcontroller-based circuitry to improve 
accuracies and coordinate movements. This 
trend brings traditional embedded-system design 
close to the newly coined “mechatronics” meth-
odology, which combines mechanical, electrical, 
control-system, and embedded-software design.
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Figure 1 The Adlink PCI-8174 
is an off-the-shelf stepper and 
servo controller for multiaxis, 
time-critical motion sequences.
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Engineers may employ advanced me-
chatronics techniques for complex de-
signs; in these designs, multiple motors 
or actuators coordinate to control pre-
cise motion. However, the fundamental 
motion-control principles remain in-
tact. For example, dc motors find wide 
use in applications requiring servo con-
trol of rotational speed or torque. The 
basic relationships are that motor speed 
is proportional to the applied voltage, 
and output torque is proportional to the 
current. The designer’s task is to pick 
the operating speed and then provide 
enough drive current to match the re-
quired load torque. The control problem 
becomes more of a challenge when you 
must control the speed of the dc motor 
during operation. The most popular ap-
proach to efficient dc-motor operation is 
to apply a PWM (pulse-width-modulat-
ed) square wave with an on-to-off ratio 
corresponding to the desired speed. The 
motor acts as a lowpass filter to translate 
the PWM signal into an effective dc lev-
el. PWM-drive signals are popular be-
cause a microprocessor-based controller 
can easily generate them. Stepper mo-
tors are also popular embedded-motion-
control devices because they move in 
discrete steps, provide accurate angular-
position information, and are relatively 
easy to control. The rotor of a stepper 
motor is made of permanent magnets 
arranged in a series of poles that deter-
mine the step size. The stator includes 
multiple windings to create a magnetic 
field that interacts with the rotor’s per-
manent magnets. As a sequence of puls-
es from a control circuit turns the stator 
windings on and off, the motor rotates 
forward or in reverse. 

Mechanical add-ons are find-
ing their way into many tradi-
tionally all-electronic embed-
ded-system applications. For 
example, users often complain 
that touchscreens are more dif-
ficult to use than physical but-
tons because of the lack of tac-
tile feedback. Designers have 
responded with audio and vi-
sual clues, but these clues alone 
do not match the positive feel 
of a mechanical pushbutton. 
Immersion provides a new al-
ternative with its TouchSense 
system that promises to trans-

form conventional, passive touchscreens 
into active displays with graphical but-
tons that press and release like push-
buttons. The TouchSense system sup-
plies fast tactile response synchronized 
with sound and graphical image chang-
es and does not affect touchscreen per-
formance. You can add it to flat touch-
screens as large as 6 in. diagonal and ap-
ply it to most touchscreen-sensing tech-
nologies, including capacitive, resistive, 
surface acoustic wave, and infrared. A 
software tactile-effect library controls a 
small electromechanical actuator, like 
the vibrator in mobile phones, which 
provides the physical movement.

To support the growing popularity 
of embedded systems with mechanical 

components, a wide range of board-level 
manufacturers offer off-the-shelf, plug-
in motion-control boards for standards 
such as PCI, CompactPCI, PC/104, and 
VMEbus. These boards allow design-
ers to add motion control to a PC or an 
embedded system without digging into 
the details of controller design or feed-
back-loop optimization. For example, 
the Adlink Technology PCI-8174 low-
cost stepper- and servo-motion-control 
card for the PCI bus offers an onboard 
DSP for simplified implementation of 
time-critical motion sequences (Figure 
1). This board finds use in applications 
such as semiconductor-manufacturing 
equipment, electronic assembly, optical-
inspection equipment, vehicle simula-
tors, and precision carving machinery. 
The multiaxis-operation design of the 
PCI-8174 allows linear interpolation us-
ing all four axes and circular interpola-
tion using any two axes. With the DSP 
onboard design, the PCI-8174 can also 
support firmware customization. The 
PCI-8174 is available now at prices 
starting at $1190.

CONTROL KITS
If the objective is to rapidly integrate 

motion into an embedded product, the 
easiest way to get started is with an off-
the-shelf development kit. For example, 
the MCK2812 DSP motion-control kit 
from Technosoft is a popular evalua-
tion platform for investigating both the 
hardware and the software aspects of dc 
motors. This kit includes a Texas In-
struments TMS320LF2812 DSP, 128k 
words of program RAM, and a serial-
communications interface, all on a small 
PCB (printed-circuit board). The kit al-

so includes an inverter power 
module and a brushless motor 
equipped with Hall sensors and 
a 500-line encoder for direct 
experimentation. All commu-
nication between the host PC 
and the DSP board is through 
a flash-resident communica-
tion monitor with download-
ing, debugging, and inspection 
functions. It includes a set of 
ready-to-run examples with as-
sembly source code. The kit al-

so features the DMCD (Digital 
Motion Control Development) 
software platform with an in-

AT A  G LAN CE
To provide a more realistic inter-

action with the user, embedded-sys-
tem designers are adding controlled 
mechanical motion to their products.

Emerging mechatronics tool sets 
promise to integrate the electrical, 
mechanical, control, and embedded-
software disciplines.

Mechatronics tools allow design-
ers to simulate the performance of a 
machine early in the design process 
to verify requirements.

Product modeling and virtual 
prototyping shorten design cycles 
because electrical, mechanical, and 
software teams can work in parallel.

Off-the-shelf motion-control 
boards and development kits 
provide an easy way to integrate 
mechanical devices with embed-
ded-system applications.
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Figure 2 National Instruments’ LabView and SolidWorks’ 
CosmosMotion provide a closed-loop simulation of the 
dynamics of an electromechanical system.
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tegrated debugger, a basic assembler, 
a linker, and other facilities that allow 
you to create, modify, and test assembler 
applications within a project-manage-
ment system. The MCK2812 DSP mo-
tion-control kit costs $3290 and is avail-
able directly from Technosoft.

Mechatronics engineers often deter-
mine operational behavior and uncov-
er system shortcomings by detailed, up-
front modeling and simulation of pro-
posed designs. Engineers can exercise an 
accurate system model before the avail-
ability of physical hardware to determine 
whether the system meets specifications 
and customer expectations. Unfortu-
nately, the required modeling process 
is unduly complicated when mechani-
cal and electrical elements coexist. One 
solution to this problem is to extend a 
modeling language to cover hybrid sys-
tems. The IEEE took this approach by 
extending the VHDL (very-high-level 
hardware-description language) with 
AMS (analog/mixed-signal) extensions. 
The IEEE built the language, informal-
ly known as VHDL-AMS, on the IEEE 
Standard 1076-1993 language, and it al-
lows designers to develop and simulate 
analog and mixed-signal models.

Mentor Graphics’ SystemVision de-
velopment tool uses the VHDL-AMS 
language as its foundation to describe 
the behavior of hybrid hardware tech-
nologies typically in embedded mecha-
tronic systems (Reference 1). These 
systems contain a combination of ana-
log, digital, and electromechanical com-
ponents, each requiring significantly 
different modeling techniques. System-
Vision allows designers to include com-
ponents of different levels of abstraction 
within the same system model to focus 
on the details of a part of the system and 
maintain its context within the overall 
system design. Designers can use VHDL-

AMS signal-flow models in high-level 
block diagrams, and, as the design pro-
gresses, they can incorporate physical-
hardware models into the system model 
to successively verify proper system per-
formance. They can use algebraic or dif-
ferential equations to describe a system 
model that incorporates a combination 
of various technologies, such as me-
chanical, magnetic, hydraulic, or ther-
mal effects. For example, designers can 
use a three-phase design tool from Info-
lytica to create a VHDL-AMS model of 
an automotive alternator.

HYBRID SIMULATION
National Instruments and Solid-

Works have teamed up to bring electri-
cal and mechanical modeling and sim-
ulation to mechatronics designers on a 
grand scale. The alpha version of their 
recently released Mechatronics Toolkit 
allows designers to simulate the inte-
grated mechanical and control design in 
software before moving to the prototype 
and production stages. Designers can 
simulate mechanical dynamics, includ-
ing mass and friction effects, cycle times, 
and individual component performance 
before specifying a single physical part. 
They can tune and customize control-
system and feedback elements entirely 
through the software model. They can 
test electrical performance and real-
time response times at operational ex-
tremes without stressing a part. When 
they move the design from prototyping 
to production, they can reuse the same 
software that they used for simulation.

The Mechatronics Toolkit integrates 
several graphical-design packages with 
software linkages to transfer parameters 
between the electrical and the mechan-
ical environments. SolidWorks, a pop-
ular mechanical, 3-D-computer-aided-
design program, includes tools for me-
chanical design, verification, motion 
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simulation, data management, and proj-
ect communications. CosmosMotion, a 
SolidWorks add-on for virtual prototyp-
ing, uses mechanical dynamics to help 
simulate mechanism motion. Nation-
al Instruments’ LabView provides the 
tools for electrical and control-system 
design, simulation, and automatic code 
generation. This combination of Lab-
View for a control-design environment 
and SolidWorks/CosmosMotion for a 
mechanical-design environment pro-
vides designers with a true closed-loop 
simulation of the dynamics of a mech-
anism and the controls that act on it 
(Figure 2). National Instruments offers 
a free mechatronics resource kit that 
demonstrates how these tools can in-
tegrate mechanical design, control de-
sign, simulation, sensing and actuation, 
signal processing, and electronic design 
(Reference 2).

All of these tools and techniques 
demonstrate an industrywide effort to 
improve electromechanical develop-
ment by streamlining design, prototyp-
ing, and deployment. The latest mecha-

tronics technologies promise to deliver 
higher profits through low-risk, low-cost 
development and increased efficiency. 
To take advantage of these benefits, de-
signers must adopt a new design strat-
egy that relies on graphical modeling 
and system simulation. These tools have 
the potential to greatly shorten the de-
velopment cycle and even to eliminate 
the need for some of the project engi-
neers or software developers. The indus-
try now has the graphical tools to model 

a proposed system, automatically recon-
figure an off-the-shelf FPGA with mi-
croprocessors and custom circuitry, op-
timize the mechanical control circuitry, 
and then synthesize the needed soft-
ware. Maybe the next generation will 
eliminate the need for an engineering 
staff altogether.EDN

R E FE R E N CE S
 Egel, Tom, “SystemVision for Em-

bedded Mechatronic Systems: Hard-
ware Modeling,” Mentor Graphics Corp, 
www.mentor.com/products/sm/
techpubs/mentorpaper_24263.cfm.

 Mechatronics Resource Kit, National 
Instruments, http://digital.ni.com/
express.nsf/bycode/exg9gi.
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SELECTING   
               OP    
            AMP

SELECTING OPERA-
TIONAL AMPLIFIERS 

CAN BE AS COM-
PLICATED AS THE 
SPECIFICATIONS 

FOR THESE PARTS. BY 
UNDERSTANDING THE 

BASICS, KNOWING 
YOUR APPLICATION, 
AND USING STAND-

ALONE AND ONLINE 
TOOLS, YOU CAN 
MAKE THE RIGHT 

CHOICE.

BY PAUL RAKO • TECHNICAL EDITOR

In selecting an amplifier, you 
must determine the maximum 
and minimum voltage for the 
part’s operation, its quiescent 
current, the current the op amp 
must deliver to the load, and any 
other current it uses. You might, 
for example, set up the two pow-
er pins for bipolar operation on 
split supplies or for single-ended 
operation by hooking the nega-
tive power pin to ground (Fig-
ure 1). Although you can con-
nect any amplifier in a bipolar or 
single-ended circuit, other fac-
tors often make the part suitable 
for single-ended operation. In 
addition, the input pins almost 
always include ground in their 
input range or provide for rail-
to-rail inputs, in which the in-
put pins can operate at either ex-
treme of the power-supply volt-
age. Further complicating the de-
sign is the fact that op-amp data 

sheets typically express specifica-
tions for single-ended operation, 
despite the possibility that a test 
engineer could change the part’s 
operating conditions and restate 
the specs to reflect bipolar opera-
tion.

The output current is a key 
spec. Rail-to-rail-output parts 
provide usable drive current even 
when the output pin is less than 
0.6V from either power-sup-
ply rail. Parts that use FET out-
puts can swing closer to the rails 
than parts with bipolar outputs. 
For example, the Intersil 30-mA 
EL5020 can swing to within 15 
mV of either rail at 5 mA. To 
ensure accurate, low-distortion 
performance, you must also un-
derstand output-pin impedance, 
which varies with frequency. In 
addition, the output pin must 
drive some level of capacitive 
loads. Some parts, such as Na-

Y
ou would think that selecting opera-
tional amplifiers would be easy. After 
all, they have only three important 
pins: two inputs and one output. In de-
signing a typical op amp, however, you 
must also consider the two power pins, 
and this total of five pins has a bewil-

dering array of specifications. Given that fact, amplifi-
er design and selection can be among the most daunt-
ing tasks that analog-system engineers face.
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tional Semiconductor’s LM8272, drive 
unlimited capacitive loads, whereas typ-
ical video amplifiers oscillate with just 
tens of picofarads of load capacitance.

Dave Kress, director of applications 
engineering for Analog Devices, sees 
five important elements in amplifier 
selection (Figure 2): bandwidth, pow-
er supply, the requirement for multiple 
parts in a package, application, and cost. 
On the other hand, Tim Green, linear-
applications manager at Texas Instru-
ments’ Burr-Brown division, narrows 
down the criteria to three: voltage, cur-
rent, and bandwidth.

However, Paul Grohe, an applica-
tions engineer at National Semiconduc-
tor, thinks more about the inside of the 
amp. “Bias current and bandwidth—the 
two Bs—are what matters,” he says. 
“A fast part will use more current, and 
a low-noise part will use more current. 
And, if you have a high source imped-
ance, the input-bias current is the most 
important spec.”

Bob Pease, staff scientist at National 
Semiconductor, in a jab at the company’s 
competitors, notes that the spec doesn’t 
matter if the supplier can’t deliver the 
parts on time. He also says that noise is 
an often-overlooked, yet critically vital 
parameter. “There are no easy answers; 
you have to use your judgment,” he says. 
“In every application, there are one or 
two key parameters, and you have to fig-
ure out what they are. You can’t have 
everything.”

Tim Regan, application manager for 
Linear Technology’s signal-condition-
ing unit, uses the acronym SNAP (sup-
ply voltage and current/need for ac or dc 
performance/amplifier count/packaging) 
to help engineers remember the impor-
tant trade-offs. Patrick Long, business-
marketing manager for op amps and 
comparators at Maxim, also mentions 
packaging as an important 
criterion. If the part tar-
gets cell phones, for exam-
ple, you would want to use 
a flip-chip or solder-bump 
package. These ultrasmall 
packages provide high per-
formance analog functions 
with a board area the size 
of a silicon die.

One way to understand 
the scope of selecting an op 
amp is to look at the struc-
ture of the data sheet. The 

first page is a valuable tool that reveals 
key features and the intended applica-
tion. By ignoring marketing adjectives, 
such as “slow” and “fast,” and looking for 
the actual speed figure, you can quickly 
see whether the amplifier is in the right 
ballpark for your application. The first 
page may describe the process that the 
manufacturer used to make the op amp 
(see sidebar “Op-amp processes”).

A section on absolute-maximum rat-
ings typically follows the first page in an 
op-amp data sheet. This section always 
covers the highest voltage and tempera-
ture that you can subject the part to. It 
should be obvious from the prominence 
of this section that these parameters are 
critical in your selection because they 
are absolute-maximum values. The part 
cannot exceed these limits for a nano-
second.

Data sheets also include tables on 
dc and ac performance and on operat-
ing voltage. The tables clearly state the 
operating voltage that the part was run-
ning on when the designers created the 
tables. The first page may claim that the 
part works at voltages as low as 2.7V, yet 
the tables may show that the part can 

run at 3V. Although it may be accept-
able to run a 3V part at 2.7V, you can-
not use the specification in the 3V-data-
sheet table. Either you have to ask the 
manufacturer to characterize the part 
at the lower voltages, or you have to do 
it yourself. The values in the tables are 
contractual obligations that the manu-
facturer must meet.

Pages of charts follow the tables in 
the data sheet. Although these charts 
do not represent a legal obligation, they 
are important. For example, the tables 
may claim a huge PSRR (power-sup-
ply-rejection ratio), whereas the charts 
show that this specification decreases 
drastically with increasing frequency. If 
an amplifier is operating from a 1-MHz 
switcher that has a 1-MHz output ripple, 
you must evaluate the PSRR at 1 MHz 
from the appropriate chart and remem-
ber that designers created the chart at a 
certain operating voltage that may pro-
duce more beneficial results than your 
circuit will produce. Similarly, the tables 
base voltage noise on the flat-band noise 
at higher frequencies. For dc or low-fre-
quency applications, you must con-
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Figure 1 An op amp has only five pins, but each has a 
variety of specifications.
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AT A  G LAN CE
All five pins of an amplifier have 

important specs.

The application often drives the 
selection process.

Understand the data-sheet 
sections to better choose parts.

The semiconductor process 
affects amplifier specifications.

Online tools and selector guides 
can help you find the right part.

Consider using specialty 
amplifiers.
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Figure 2 There are many ways to look at 
the trade-offs in selecting an op amp. 
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OP-AMP PROCESSES
Some amplifi er manufacturers think 
that you should judge a part purely 
on its specifi cations without wor-
rying about the process that went 
into its manufacture. Although this 
attitude has some validity, almost 
every IC designer and applica-
tion engineer must consider the 
semiconductor process as well as 
the specs. Doing so helps them to 
broadly categorize their parts and 
to make certain assumptions about 
the specifi cations.

The original process that manu-
facturers used was bipolar, employ-
ing conventional transistors rather 
than FETs (fi eld-effect transistors) 
or MOSFETs (metal-oxide-semi-
conductor FETs). Using bipolar 
processes means that the part can 
operate on higher voltages and is 
generally faster. Bipolar transistors 
have higher transconductance, eas-
ing design. If you use an isolated 
process, the design can work at 
much higher frequencies because 
the internal stray capacitance is 
often one-tenth that of a conven-
tional process. This type of process 
often uses dielectric isolation, 
meaning that each transistor is in 
its own glass-isolated bowl. Some 
processes are only trench-isolated, 
meaning that the side of the tran-
sistors is glass-isolated but the 
bottom is junction-isolated as in a 
conventional bipolar process. The 
speeds for trench-isolated parts are 
better than those for plain bipolar 
but not as good as full dielectric 
isolation. The approach also pre-
vents latch-up, in which the sub-
strate forms a parasitic SCR (sili-
con-controlled rectifi er). Because 
the parts do not latch up, you can 
exceed the common-mode range 
and have voltage at the inputs 
before you apply power to the part. 
Like all things analog, there is a 
downside to dielectric isolation, 
even beyond its greater cost. The 
glass walls around all the transis-
tors have 10 times lower thermal 
conductivity than with junction iso-
lation. As a result, designers rarely 

use dielectric isolation for higher 
output-current amplifi cation.

The other broad category of 
amplifi er process is CMOS (comple-
mentary metal-oxide semiconduc-
tor). CMOS parts cost less because 
their manufacture involves fewer 
process steps. CMOS parts also 
usually have low operating current. 
One of the best features of CMOS 
is that it requires a minuscule 
amount of input-bias current on 
the input pins. For example, Texas 
Instruments’ CMOS OPA2355 has 
0.05 nA of input bias, second only 
to JFET (junction-FET)-input parts. 
CMOS parts are usually 5V parts, 
although some 12V CMOS pro-
cesses exist. Because early CMOS 
parts took advantage of the low 
operating currents of CMOS, the 
parts exhibited voltage noise—not 
an inherent property of CMOS but 
rather a design decision to use low 
bias currents and small transistors 
in the input section. For example, 
National Semiconductor manufac-
tures its LMV751 in CMOS, but it 
has low voltage noise because its 
designers used large input transis-
tors and higher quiescent current in 
the input-differential-transistor pair. 
Another process, BIMOS (bipolar 
MOS), includes both bipolar and 
CMOS transistors.

The less popular but still-useful 
bipolar-JFET process adds mask 
steps to allow the creation of 
JFETs. Like CMOS transistors, the 
JFETs have low-input-bias current. 
Older JFET parts, such as National 
Semiconductor’s LF411 and Analog 
Devices’ AD549, provided low bias 
current before CMOS parts became 
prevalent. TI offers modern JFET 
parts that provide low bias current 
but are also fast. The TI OPA656, 
for example, has a bandwidth of 
500 MHz. JFETs also have lower 
input-voltage noise than CMOS 
transistors because diffusions in 
the wafer substrate bury the JFETs. 
In contrast, CMOS transistors sit on 
the surface of the die where they 
are subject to the lattice defects and 

crystal impurities that cause noise. 
Again, this approach involves a 
trade-off: Diffusion during manufac-
turing controls the JFET parameters. 
CMOS-transistor properties depend 
more on lithography in manufactur-
ing. Thus, CMOS parts have better 
input-pair matching, lower offset 
voltages, and less drift.

When an application requires 
higher speed than bipolar parts can 
provide, designers can turn to SiGe 
(silicon-germanium) processes. 
The higher electron mobility in the 
base area, thinner base regions, 
and higher emitter-current density 
of these processes give op amps 
bandwidths that exceed 1 GHz. The 
parts use more current and have 
the same stability issues as all 
other high-speed parts. SiGe pro-
cesses are seeing use in differen-
tial-input amplifi ers for high-speed 
ADCs and high-speed communica-
tions amplifi ers.

Other processes include GaAs 
(gallium arsenide) and SOS (silicon 
on sapphire). The GaAs process 
is blazingly fast, with even higher 
electron mobility and thinner base 
regions than SiGe. The downside 
is that GaAs, unlike silicon, uses 
no easily formed insulating oxide. 
Silicon oxide is glass and can iso-
late different layers of metalliza-
tion. Without this process feature, 
GaAs trails the silicon process 
but provides parts operating at 10 
GHz and higher. Prices and oper-
ating currents are higher, as well. 
In SOS-process technology, the 
dielectrically isolated transistors 
are fast, just as in an oxide dielec-
tric-isolation process. Because the 
transistors are isolated with sap-
phire instead of glass, however, 
the thermal conductivity is that of a 
crystal; glass, in contrast, has low 
thermal conductivity. SOS parts are 
thus fast and provide lots of power 
output. Manufacturers can build 
them with CMOS-process fl ows that 
have fewer mask layers than bipolar 
processes do.
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sult the charts to determine the noise 
in your circuit’s frequencies of interest 
(Figure 3).

Examine every chart and think of 
what your fellow engineer who meas-
ured the data is trying to tell you. Of-
ten, your fellow engineer at a semicon-
ductor company includes a chart that 
highlights a less flattering specification 
of an amplifier. If a chart shows that an 
amplifier has 90% overshoot at 10 pF of 
output capacitance, the part is subject to 
instability.

The general description and applica-
tion section follows the chart section 
of a typical data sheet. In this section, 
you can learn of appropriate applica-
tions and read about any peculiarities 
or special features of the amplifier. The 
application section may warn you that 
the part will burn up if you overdrive the 
outputs. In some older parts, the appli-
cation section may warn that the part 
exhibits phase reversal—that is, when 
you bring the input pin past its com-
mon-mode range, the output of the am-
plifier suddenly inverts, even though the 
inputs never cross zero.

The part number, or suffix, section of 
the data sheet may be toward the end, 
but some manufacturers, such as TI, put 
this information on the front page. Ev-
ery package and voltage rating of the 
part gets its own part number. The man-
ufacturer may also include numbers for 
lead-free ROHS (restriction-of-hazard-
ous-substances) parts. Part numbers al-
so differ for parts in a rail or in a 4000-
part reel. It is exasperating to lay out a 
board with a different package from the 
one you intended because you used an 
incomplete part number. Errors such as 
these can cost weeks or months in the 
development cycle.

One of the last sections of the data 
sheet is often the packages section, which 
includes drawings and suggested PCB 
(printed-circuit-board) patterns. If your 
PCB has a low profile, the overall height 
of the package may be the critical perfor-
mance specification you must meet.

ONLINE TOOLS CAN HELP
Never hesitate to call the local field-

application engineer or the factory-ap-
plications group. Analog Devices and 
Texas Instruments sell almost every type 
of op amp, so they have no reason to 

steer you to a specific part. One excep-
tion to this rule is that manufacturers of-
ten want to promote their newest parts 
in the hope of recovering the costs of 
designing them. For this reason, Nation-
al Semiconductor’s Grohe likes to use 
selector guides. “A parametric search 
will return all the parts that meet your 
required specifications, whether the part 
was designed yesterday or 20 years ago,” 
he says. Grohe developed the down-
loadable selector guide you can get from 
the company’s amplifier Web page. TI, 
Analog Devices, STMicroelectronics, 
and others also provide online selector 
guides.

Linear Technology developed anoth-
er helpful, free, fully functional, down-
loadable tool, LTSPICE, which Mike 
Engelhardt designed. He assures that 
the program converges, even with mag-
netic elements. Texas Instruments also 
offers  the downloadable, node-limited, 
fully functional Tiny TI SPICE program, 
which provides accurate results when 
you use it with accurate models. Ana-
log Devices’ Web site also has a down-
loadable simulator and the ADIsim op-
amp-evaluation tool. The program does 
a simple evaluation using National In-
struments’ LabView engine. Once you 
select a part, the tool switches to using 
National Instruments’ MultiSIM full-
SPICE engine if a part model is avail-
able. In addition to the SPICE tools, 
Analog Devices, National Semiconduc-
tor, and TI also offer Web tools to help 
design instrumentation amps or to prop-
erly bias a single-ended amplifier, as well 
as for scores of other applications.

For designing filter chains, TI offers 
its FilterPro software. This download-
able software performs the math calcu-
lations to show you the response of mul-
tipole filters. National Semiconductor 
offers its Webench online environment 
for designing filters. It runs SPICE simu-
lations online to show you the response 
of the part. 

Selecting op amps can be daunting. 
In addition to conventional voltage-
feedback amplifiers, many specialty am-
plifiers exist (see sidebar “Specialty op 
amps,” pg 48). You may need to read rel-
evant trade magazines and books before 
you understand all the subtleties of am-
plifier selection. Application engineers 
can be a great help in getting you to un-

derstand the right specifications and am-
plifier types at which you should be look-
ing. Once you know those facts, you can 
use the variety of downloadable selector 
guides and online guides. You can then 
simulate your circuit online or through 
the downloadable tools, as well as use 
the vendor-supplied SPICE models to 
simulate you circuit in Orcad, Altium, 
PADS, or Electronics Workbench.EDN
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Figure 3 Data-sheet tables often overstate 
performance. The data-sheet tables list 
PSRR at dc, at which it is rarely an issue. 
The data-sheet chart shows where PSRR 
falls off drastically at high frequencies (a). 
Similarly, the tables list the input-voltage 
noise at higher frequencies where the 
noise is in the flat band (b).

You can reach 
Technical Editor 
Paul Rako at 
1-408-745-1994 
and paul.rako@
reedbusiness.com. 
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article/CA46606.
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SPECIALTY OP AMPS
Designers often predicate their 
selection criteria for operational 
amplifi ers on the use of a main-
stream amplifi er. Several specialty 
types of amplifi ers are available. 
The most common are current-
feedback amplifi ers, which fi nd 
use in video and DSL (digital-sub-
scriber-line) applications requiring 
high slew rates (Figure A). Another 
unique benefi t is that higher gains 
do not reduce the bandwidth. An 
amplifi er that can provide the 
same gain to the higher bandwidth 
components of a signal has less 
distortion than one that does not. 
Current-feedback amps 
thus suit use in applications 
requiring high speed and low 
distortion.

Another specialty amp, 
the compound amplifi er, 
may use discrete transistors 
or have multiple amplifi er 
stages inside—that is, several 
amps for one signal rather 
than multiple-part pack-
ages. For example, the Cirrus 
Logic CS3001 family has an 
open-loop gain of 1 trillion, 
or 300 dB—a sure sign that 
more than one amplifi er is in 
the signal chain. The phase 
response indicates that this 
part is a compound amplifi er, 
suitable for instrumentation. 
Huge gain means low distortion.

Another form of compound ampli-
fi er is the chopper, or autonulling, 
amplifi er. These amps, also called 
autozero amplifi ers, have a second 
amplifi er that is constantly correct-
ing the offset voltage. This feature 
suits the parts for dc-instrumenta-
tion uses, especially because the 
offset correction also removes low-
frequency noise. The disadvantages 
are that these parts are slow, and 
their chopping frequency, typically 
in the 100- to 35,000-Hz range, 
bleeds into the outputs. This fre-
quency is far beyond the intended 
frequency of interest, and subse-
quent circuit stages fi lter it out. 
One notable exception is National 
Semiconductor’s LMP2011, which 

has the microvolt offsets associated 
with chopper amps yet also has a 
3-MHz bandwidth. This device also 
provides better transient response 
and slew rates than other chopper 
amps.

Differential-output amplifi ers 
provide an audio-signal path that 
is immune to ground loops or to 
buffering differential-input ADCs. 
Differential-output audio amplifi ers 
operate in the kilohertz range, and 
ADC buffers operate in the giga-
hertz range.

Instrumentation amplifi ers are 
often compound amplifi ers with 

three amplifi ers to allow the inputs 
to work over a large common-mode 
range. When you change the volt-
age on the plus pin of a conven-
tional amplifi er, the output voltage 
tracks that input voltage, with 
the difference between the input 
pins providing output beyond that 
level. Instrumentation amplifi ers, 
on the other hand, have reference 
pins that set the output refer-
ence to the desired voltage, which 
is usually ground. This feature 
makes them useful for measuring 
Wheatstone-bridge sensors, such 
as strain gauges, and for measur-
ing high-side currents. The down-
sides are reduced speed and high 
cost. Instrumentation amps often 
target use for dc signals. Some, 

such as the PGA206 from Texas 
Instruments’ Burr-Brown division, 
have bandwidths of 5 to 0.5 MHz, 
depending on gain. The parts have 
digitally programmable gain and 
use JFET (junction-fi eld-effect-tran-
sistor)-input stages to provide low 
noise and high speed.

Other specialty amplifi ers have 
fallen out of favor but are still use-
ful to the analog gurus that know 
how to use them. Transimpedance 
amplifi ers, such as National 
Semiconductor’s LM13700, have 
variable gain. They multiply an input 
current on a control pin by the volt-

age across the amplifi er 
inputs. The data sheet is 
worth reading just for the 
plethora of applications 
it covers (Reference A). 
The company’s LM3900 
Norton amp is obsolete, 
but its LM359 is still in 
production. The amplifi ers 
employ Norton’s current 
laws, which work on a cur-
rent difference into current 
mirrors as opposed to the 
voltage-operated input-dif-
ferential pair that almost 
all other amplifi ers employ. 
The parts are fairly rare but 
can provide an interesting 
exercise in analysis and 
understanding (Reference 

B). On Semiconductor’s MC33304 
power-adaptable amplifi er is also 
obsolete but is interesting because 
its quiescent current and frequency 
response would increase whenever 
the output sourced more current 
than a user-selectable threshold.

R E FE R E N CE S
  “LM13700—Dual Operational 
Transconductance Amplifi er with 
Linearizing Diodes and Buffers,” 
National Semiconductor, 2007, www.
national.com/mpf/LM/LM13700.
html.
  “LM359 Dual, High Speed, 
Programmable, Current Mode 
(Norton) Amplifi ers,” National 
Semiconductor, August 2000, www.
national.com/ds/LM/LM359.pdf.

Figure A Current-feedback amplifiers find use in applications 
requiring high slew rates. The “tail” current of an input-differ-
ential pair does not limit the slew rate.
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 P
ower closure has moved to the forefront of design 
challenges for today’s chip projects. Leakage pow-
er increases with each new process generation. 
Smaller geometries enable designs to fit more 
functions into less space, running at a higher 
speed. This situation creates exponential growth 

in power density, presenting a heat-removal challenge for all 
types of design, especially high-speed applications whose pow-
er you’ve never had to worry about before.

As if meeting aggressive frequencies and managing power 
consumption were not big enough challenges on their own, 
frequency and power are actually opposing forces. In other 
words, optimizing for speed causes an increase in power, and, 
conversely, techniques to reduce power reduce speed.

This effect most often manifests itself during physical imple-
mentation, when long wires make timing closure more chal-
lenging. At this point, timing optimization generally involves 
upsizing; using low-voltage-threshold, high-leakage-power 
cells; buffer insertion; and other techniques that increase pow-
er. It is generally too late in the design cycle to make changes 
to the RTL structure or the power architecture or to use tech-
niques such as multiple-supply voltage or power shut-off. Such 
modifications would require you to repeat functional verifi-
cation, not to mention another spin through implementa-
tion. As a result, logic designers feel helpless, left to hope that 
power consumption won’t require a different package, the re-
moval of functions, or other dras-
tic measures that would cause the 
project to miss its market window. 
Figure 1 illustrates a typical pow-
er-unpredictability scenario. As 
tapeout nears, the designer must 
decide whether to sacrifice costs 
and, for example, add an expen-
sive cooling mechanism or sacri-
fice the schedule to rebuild.

The root cause of the problem 
is that few designers effective-
ly enough measure power in the 
process when they can take ac-
tion. The logic designer’s lament 
is “If I had only known earlier, I 
could have done something about 
it.” What can you do to improve 
power predictability?

To solve the power-predictabil-
ity problem, you first need to out-

line how design decisions affect power in the design flow and 
what you can do to measure and influence these effects. It is al-
so important to highlight that, as with other design problems, 
decisions and actions you take earlier more broadly affect the 
outcome. The flip side is that predictions you make earlier are 
less accurate. So, try to experiment early with broader, coarse-
grained techniques, and, as you begin to solidify the imple-
mentation, you’ll have more accurate predictions and be able 
to employ finer grained techniques. 

The first factors that affect the power consumption of the 
chip are the chip specifications: Think about what functions 
the chip will contain; having more functions means adding 
more power. Determine the necessary frequency, either for the 
chip or for the major blocks; using higher frequency means 
having more power. Consider what process geometry this de-
sign will use; using smaller geometries means having higher 
leakage power and more heat density. Although business or 
market factors generally drive these decisions, power con-
sumption affects chip sales. 

The next two factors affecting power consumption impact 
each other, so some amount of concurrency and iteration ex-
ists between them. The first is operating profile—that is, what 
will the chip do? If the chip is for a simple cell phone, it will 
probably spend an hour or two a day in use as a phone; the rest 
of the time, it will be somewhat idle. A networking chip might 
have certain ports active much of the time and others active 

BY JACK ERICKSON  •  CADENCE DESIGN SYSTEMS INC

Make front-end 
power predictable
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MAKING POWER A METRIC AND A CORE PART OF THE PROCESS 
FROM THE EARLY STAGES OF DESIGN CONCEPTION. 

PACKAGING
DECISION

POWER

TIME

CHIP
SPECIFICATION

CHIP
ARCHITECTURE

RTL
DESIGN

SYNTHESIS PHYSICAL
IMPLEMENTATION

TAPEOUT

GUESS

FIRST
MEASUREMENT

OPTIMIZATION

OPTIMIZATION

PHYSICAL
TIMING

CLOSURE

TOO HOT!
NOW WHAT?

Figure 1 Few designers effectively enough measure power early in the process when they can 
take action.
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only when handling peak loads. If it is a multimedia chip, the 
operating profile will drastically affect which parts of the chip 
are active and when. As you might expect, the operating pro-
file will drive the implementation architecture, which is the 
next factor to consider. In other words, can the device shut 
off power to certain blocks when they are inactive? Can it run 
some blocks at lower speeds to lower the operating voltage? 
Alternatively, can it run them at high speed only sometimes? 
If so, you can dynamically lower the voltage and, thus, the fre-
quency. The implementation architecture in turn has a small 
effect on the operating profile, as you add extra power-man-
agement functions to the chip, the software, or both.

Once you decide on the implementation architecture, you 
can begin implementation. In the logical world, this step 
means synthesis and test-structure insertion. At this stage, you 
can do more to reduce power, albeit at a smaller order of mag-
nitude than at the architectural stage. Clock gating and the 
use of multivoltage threshold libraries are two popular tech-
niques during synthesis. Modern synthesis tools also create 
logic structures to minimize power. And modern test-insertion 
tools now optimize for power reduction on the tester through 
insertion of control logic to shut down power domains or even 
through the use of reduced pin testing. All of these factors af-
fect chip power consumption, and you must account for all 
of them when trying to obtain early insight into what pow-
er consumption will be. Finally, physical implementation in-
volves trying to meet the frequency targets in the face of long 
wires, huge clock trees, and signal-integrity effects without 
causing power consumption to grow out of control.

WHAT CAN YOU DO?
Now that you understand where the design sees power effects, 

you can take steps to improve predictability. The first step in 
improving the predictability of any process involves establish-
ing measurement criteria. In other words, you need to create 
metrics and tasks toward which you can track progress and take 
immediate action when necessary. Fortunately, chip designs all 
start with a detailed specification that you can capture to es-
tablish these metrics and milestones. Monitor progress regu-
larly throughout the project so that you can correct the course 
quickly if problems arise. The goal is to avoid surprises late in 
the project, when it is too late to 
make necessary changes.

As mentioned, although busi-
ness and the market drive the de-
sign specification, the spec has its 
largest impact on power. Thus, it 
is important to make specifica-
tion decisions with as much in-
sight into power effects as is pos-
sible. You typically achieve this 
goal by looking at what others 
have done before and applying 
a “process-shrinkage factor” to 
it. However, with so many vari-
ables affecting power consump-
tion at such a large magnitude, 
this method is too rough to ac-
curately guide this decision. You 
instead need a method that com-

bines the experience from previous designs with as much real 
implementation information as possible—an approach that 
you can carry out by combining early physical prototyping 
with RTL-power estimation. You can retarget the parts of the 
design that you reuse in the new context using the new li-
braries, which enables a more accurate estimate that reflects 
implementation-specific details. You can still estimate the 
remaining measurements, but, instead of using them as just 
numbers in a spreadsheet, you can represent these estimates as 
design objects. This method provides an early chip-level pro-
totype that can drive future decisions, and you can refine it as 
more details become available during design.

Of course, a big part of estimating power consumption is the 
operating profile, or switching activity, of the design. The ear-
ly prototypes can use estimation you base on default switch-
ing activities, because the measurements are rough, and be-
cause not all the RTL is available to generate switching activ-
ity. However, implementation requires more detailed input, so 
actual switching activity is necessary. It is important to en-
sure that switching activity accurately represents the project-
ed operating profile of the chip. Functional-verification test-
benches are insufficient for this task. They focus on as effi-
ciently as possible covering all functional scenarios—in other 
words, without much repetition. Going back to the cell-phone 
or networking-switch example, real operating profiles involve 
much repetition and rarely spend time in the corner cases that 
are the focus of verification. Thus, the best method for cap-
turing switching activity is to have separate simulation runs 
to capture operating activity. Because this approach can often 
take a long time, hardware acceleration can greatly improve 
efficiency. Emulation is the ideal method, because it runs the 
actual software and can generate a good sample size of switch-
ing activity.

Accurate switching activity requires most of the RTL to be 
complete, so designers often do it concurrently, or iterating, 
with specification of the power-implementation architecture. 
At this step, you make implementation trade-offs—that is, 
you determine which parts of the chip are performance-criti-
cal. Doing so dictates the appropriate voltage levels to use or 
whether you should employ a variable technique, such as dy-
namic voltage and frequency scaling. It also looks at which 
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Figure 2 A what-if power-architecture exploration uses a common-power-format specification.
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parts of the chip have long periods of inactivity and therefore 
are suitable for shutting down to conserve leakage power. If 
you shut down a block, how quickly does it need to power 
back up? A full reset cycle is often too slow. Dumping to an 
always-on memory is one way to speed recovery. The fastest 
way is to use state-retention registers, which are master-slave 
flip-flops with the slave flip-flop connected to an always-on 
retention power rail. As you might expect, this approach in-
curs an area penalty and requires extra power routing, so use 
it judiciously. 

The implementation architecture has a large effect on pow-
er, but you must also balance power goals with frequency goals 
and implementation feasibility. Therefore, spend time per-
forming what-if analyses to predict the power-timing-area-
complexity trade-offs. You can quickly complete this task with 
RTL-power estimation. But, as the choices narrow, use a more 
implementation-accurate measurement—either actual syn-
thesis results or, ideally, a silicon virtual prototype. Remember 
the functional impact of this approach: The architecture im-
pacts system and software design, as well as functional verifica-

tion. It is therefore important to address 
this issue as early and as holistically as 
possible. The most efficient way is with a 
central specification of the power-imple-
mentation architecture that allows a sin-
gle change to propagate across the flow. 
At the end of this exercise, you will have 
a good idea of the power consumption, 
timing feasibility, physical feasibility, and 
functional correctness. Figure 2 depicts 
what-if power-architecture exploration 
using a common-power-format specifica-
tion. From this point, you can move to-
ward more detailed implementation and 
finer grained analysis and optimization.

Synthesis is often the point at which 
design teams start to predict and track 
power consumption. It is late to start at 
this stage, because this step has a small-
er effect on overall power consumption 
than architecture, but it is an important 
step in creating a design that closes dur-
ing physical implementation. So, it is still 
important to predict power consumption 
at this stage. You can use timing-aware 
RTL-power estimation to start to see 
relative block power consumption that 
will result from synthesis. If any block 
uses more power than you’d expect, you 
can address that problem early through 
rebudgeting, fixing RTL, fixing con-
straints, and other methods. You should 
also run gate-level power analysis along 
with timing analysis after every synthesis 
run that the system performs during RTL 
design. It is always easier to make chang-
es earlier than later, so measure power 
whenever you look at timing.

At this stage, you insert clock gating, 
so any predictions must be aware of what 
the clock-gating engine will do—that is, 
whether it will do multistage clock gat-
ing and whether it will use enable logic 
from a different hierarchy from the regis-
ters. The predictions must also be aware 
of the minimum and maximum register 
constraints and other factors. Also, the 
logic structures that the system creates 
during synthesis have a great effect on 
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power. A structure that is too slow will require upsizing, or 
“down-thresholding,” during physical design, causing a power 
increase. Any structure that is too fast consumes more power 
than necessary. So, optimization that focuses on simultaneous-
ly satisfying multiple objectives is key to creating a netlist that 
incorporates more predictability into the physical design. Fi-
nally, using a more physically realistic model of wire timing is 
essential in creating structures that will meet frequency targets 
without being overpowered.

The logic-design team sees physical implementation as 

a process over which it has little control yet during which 
power surprises happen. However, many of the above steps 
can prevent these surprises. If a multiobjective synthesis en-
gine creates a well-balanced logic structure, the engine will 
much more cleanly close in on your timing goals in physical 
implementation, requiring less powering up. And, if the sys-
tem performed and refined silicon prototyping as it checked 
in blocks, you should have a good idea of how physical imple-
mentation will go. You can refine the early silicon virtual pro-
totype that the system used during specification as the system 

synthesizes blocks, constantly reflecting 
the metrics you specified up-front. This 
method enables earlier fixes to problems 
so that they do not cascade forward and 
ultimately require late changes that ne-
cessitate reverification. Front-end teams 
are not yet widely using silicon virtual 
prototyping because of the use mod-
el; however, the method can have tre-
mendous benefits. Some synthesis tools 
now offer the ability to run silicon vir-
tual prototyping right from the synthe-
sis cockpit, where you can perform syn-
thesis analysis and reoptimization. This 
ability arms logic-design teams with the 
ultimate in predictability for timing, ar-
ea, and power. 

Achieving a predictable power-clo-
sure flow goes beyond just doing early es-
timation. It requires power to be a met-
ric and a core part of the design from the 
early stages of conception that you must 
analyze and re-evaluate throughout the 
process. It requires some changes to de-
sign methodologies, to take advantage 
of modern power-reduction techniques. 
And it requires some changes to EDA 
tools to enable fast timing-power-area 
trade-offs and to generate globally bal-
anced logic structures that do not blow 
up during physical implementation. Pow-
er has begun to profoundly impact the 
market and technical feasibility of digital 
ICs. It seems only logical that the way to 
address it is through a holistic approach 
to managing power predictability.EDN
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 P
ower ICs that combine analog and digital are be-
coming more common. Battery-charger applica-
tions have increased the need for digital func-
tions, but high frequency and cost have limited 
the practicality of closed-loop, purely digital sys-
tems. Combining both analog and digital con-

trol of the power-conversion feedback loop can help designers 
achieve the best of both the analog and the digital worlds. 

Historically, many power-management designs have been 
analog-only. However, with the development of small, low-
cost microcontrollers, power-system designers are now inte-
grating digital features into their power systems. The follow-
ing design examples include both digital and analog compo-
nents and features. Digital features include host communica-
tion, output-voltage/current programming, fault diagnostics 
and management, timers and housekeeping, and others. An-
alog components and features include MOSFET drivers and 
current and temperature sensing.

For purely digital systems, you determine the duty-cycle 
variable by using a computing algorithm. By knowing the pre-
vious duty cycle, the rate of change since the last computed 
variable, and how much it has changed over several switching 
cycles, you can calculate a new duty cycle. For purely analog 
PWM (pulse-width-modulated) control systems, you deter-
mine the duty cycle using a high-speed comparator. When the 
inductive ramping current and the dc signal of the error am-
plifier are equal, the duty cycle terminates. The dc-error signal 
follows linear-control-system behavior, limiting its speed of re-
sponse because of the power-supply time constant and 
the linear-control system’s gain. 

For applications with basic requirements, such as 
simple dc/dc-voltage regulators, engineers common-
ly use analog designs. For very-high-end motor-con-
trol applications, on the other hand, digital-control 
systems offer many advantages over simple analog-
control options. For example, you can control motor 
speed using a variable-duty cycle that the host system 
communicates. In fact, it may communicate several 
variables to the digital system, which makes duty-cy-
cle decisions. 

Two key considerations in choosing between ana-
log and digital control are size and cost. The power-
handling capability, which the systems’ passive-filter-
ing components dominate, typically drives the pow-
er-system size. In the case of a buck converter, the 
input capacitors, buck inductor, and output-filtering 
capacitor determine the size of the option. The con-

verter’s switching frequency greatly impacts the size of these 
components. 

In high-frequency converters, digital products are limited in 
speed and resolution. For example, for a 500-kHz dc/dc con-
verter with a 1.8V, 1% output, a digital-control option would 
require a PWM-generator frequency of 284.4 MHz. This value 
is impractical in many applications, especially battery-pow-
ered applications in which quiescent current is at a premium. 
However, very-high-power systems that switch at low frequen-
cies typically require digital features, so digital-control-system 
designs are more practical. Offline-PFC (power-factor-correc-
tion) designs are increasingly full digital-control systems to 
minimize losses and switching below the bottom of the EMI 
(electromagnetic-interference) specification, at which the 
converter-switching frequency is on the order of 125 kHz.

LI-ION-BATTERY CHARGER
The first application is a bidirectional dc/dc converter for 

multiple Li-ion (lithium-ion) batteries in series. This appli-
cation requires a complete charge profile for four series-con-
nected Li-ion cells, charged at a 2A fast charge from a 7V 
input. Charging Li-ion batteries involves several stages. The 
first stage is to measure the pack voltage to determine wheth-
er it is within an acceptable range. Fast charge currents can 
damage a deeply discharged battery pack. If the pack voltage 
is in an acceptable range, the converter can initiate a charge 
cycle that comprises a precharge (low constant current), a fast 
charge (high constant current), and a constant-voltage phase 

BY TERRY CLEVELAND  •  MICROCHIP TECHNOLOGY
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THOSE COMBINING DIGITAL- AND ANALOG-CIRCUIT 
BLOCKS PROVIDE THE BEST OF BOTH WORLDS.

WIDE-RANGE
AC INPUT

85 TO 240V RMS
LOW-VOLTAGE

DC OUTPUT
7V

AC/DC
CONVERTER

3.3V
DC/DC

CONVERTER

1.XV
DC/DC

CONVERTER

ANALOG-PWM
BIDIRECTIONAL
CHARGER AND 

DC/DC
CONVERTER

FOUR-CELL
LITHIUM-ION-

BATTERY PACK

�

� DC BUS

Figure 1 This application uses a mixed-signal-design approach to control 
the bidirectional power train.

OCTOBER 25, 2007  |  EDN  59

edn071002ms4250_id   59edn071002ms4250_id   59 10/10/2007   12:40:32 PM10/10/2007   12:40:32 PM



and proper-charge termination, which you base on a percent-
age of rated pack capacity. During this charge phase, you can 
measure the pack voltage using an ADC or digitally, using the 
microcontroller’s communication capabilities if the design 
employs a “smart” battery pack.

If the design is without the 7V input source, the Li-ion-bat-
tery pack can provide a regulated voltage to the system. In this 
application, the 12 to 16.8V battery-pack voltage is stepped 
down to 6V and can deliver 15A, approximately 90W of pow-
er. If you suddenly remove the ac-derived input, the voltage 
on the 7V input must not drop too far, or the system proces-
sor will reset. 

While charging the battery, the step-up, or boost, convert-
er is a current source. As with all current-source applications, 
output-overvoltage protection is necessary to protect the pow-
er system from damage when you remove the load or batteries.

High switching frequency and high efficiency are key for 
this battery-powered application. The compromise between 
switching frequency and size happens at 500 kHz. 

This application uses a mixed-signal-design approach to con-
trol the bidirectional power train (Figure 1). The dc-bus volt-
age is typically 7V when the ac/dc converter is present. This 
7V source powers the system and charges the four-series-cell 
Li-ion-battery pack. If you remove the 7V source, the system 
control stops the charging process and starts the dc/dc-step-
down-converter process to regulate the dc-bus voltage to 6V. 
Additional dc/dc-converter loads attach to the dc-bus voltage. 
A synchronous buck-boost converter using two N-channel 
switches develops the bidirectional capability (Figure 2).

In this application, the microcontroller runs the battery-
charge algorithm. By sensing the dc-bus voltage to determine 

whether the 7V input is present and sensing the battery-pack 
voltage to determine its charge state, the microcontroller ini-
tiates a charge cycle. The bidirectional power train is a pro-
grammable current source when charging the battery and is a 
voltage-regulated dc source when you remove the 7V input. 
The system achieves this flexibility by summing two analog-
control loops to develop the charge algorithm. The microcon-
troller programs the proper current, and the constant-voltage 
phase of the charge cycle uses its ADC to sense pack voltage. 
When the pack voltage increases to 16.8V, the GPIO (gen-
eral-purpose-input/output) current reference decreases by 1 
bit, lowering the charge current. When the charge current 
reaches 7% of the pack capacity, the charge cycle is complete. 
Safety timers prevent the charger from continuously charging 
into a faulted pack, and the system regulates the buck voltage 
to 6V using a simple resistor divider. Figure 3 shows a mixed-
signal control loop.

When the 7V-dc bus is present, the voltage-amplifier (VAMP) 
inverting input is above the 2.5V reference-voltage nonin-
verting input, and the amplifier output is pinned at ground. 
This situation provides a “virtual” ground for the current-amp 
output divider. When you remove the 7V-dc bus, the ampli-
fier-current noninverting input is negative, as current revers-
es in the battery pack during discharge. The inverting input, 
which the microcontroller-firmware reference generator sets, 
is always a positive value, which forces the output of the cur-
rent amplifier low, providing a virtual ground for the voltage 
amplifier to work into while regulating the dc bus to 6V.

One challenge with this design is providing the uninter-
ruptible dc-bus voltage over the whole range of Li-ion-bat-
tery-pack charge algorithms. The worst case for this situation 
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Figure 2 A synchronous buck-boost converter using two N-channel switches develops the bidirectional capability.
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occurs when charging the 
pack at maximum current. 
For this condition, the in-
ductor current must reverse 
from 2A into the battery and 
then supply the load current 
to the dc bus. The handoff of 
one analog loop to another 
determines the speed of this 
dynamic transition. 

Another point to consider 
is that, when the battery pack 
is fully charged, the synchro-
nous converter must be oper-
ating so that it can prevent 
the dc bus from dropping 
out. However, in this case, 
the battery current should 
be 0A—neither charging nor 
discharging. You can achieve 
this goal by using a 10-bit 
software PWM reference 
that provides enough steps 
to be able to set the current 
close to 0A. However, error 
terms and offsets can result 
in a large error because of the 
use of a small-sense resistor. 
You can resolve this situa-
tion by calibrating the “idle” 
current in the battery. By 
measuring the current while 
sweeping the 10-bit PWM-
firmware reference, you can 
determine the idle-current 
setting and store it in memo-
ry. Therefore, when the bat-
tery-pack charge is complete, 
the firmware-PWM refer-
ence sets to the idle state, al-
ways ready for the removal of 
the 7V-dc-bus input.

POL CONVERTER
In today’s high-end-computing applications, several low-

voltage, high-current supply rails are necessary to power the 
system processors and high-speed devices for video processing. 
Issues in developing these multiple-rail systems are synchro-
nized switching and frequency dithering to minimize input-rip-
ple currents. Additionally, multiple-rail systems may be neces-
sary to sequence outputs, as well as enable multiple phases to 
reduce ripple voltage and ease surface-mount manufacturing. 
Multiple-rail systems also allow an optimal number of phases 
for tracking load demand, margining the output for system-lev-
el testing, and performing housekeeping functions, including 
undervoltage lockout, power-good signals, reset timing, and 
overvoltage protection. Because real estate is at a premium for 
these high-end applications, switching frequency is critical.

Some required parameters for this POL (point-of-load)-
converter application include a 12V nominal input voltage, 
stepping down the output to two 3.3V, 20A outputs, and a 
synchronous-buck topology for high efficiency. The applica-
tion also requires a programmable output voltage with volt-
age-margining capability; full cycle-by-cycle current limiting; 
a 20A-per-output capability, switching at 500 kHz, 180� out 
of phase; and independent overtemperature protection on 
each output-voltage rail. Other requirements include outputs 
that you can sequence or track during power-up, and program-
mable input-undervoltage and -overvoltage lockout with pro-
grammable hysteresis to prevent the converter from operating 
under abnormal input-voltage ranges.

This application employs a microcontroller with an ECC 
(enhanced-capture-and-compare) peripheral. You can use this 
peripheral to develop two 180�, out-of-phase clocks—one for 
each PWM input. An important analog-PWM feature is pro-
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Figure 3 The analog PWM module controls bidirectional energy flow into and out of the Li-ion-
battery pack. The reference-current signal from the microcontroller sets the proper charge-current 
level, using a firmware-generated, 10-bit, PWM reference.

ANALOG PWM

COMP
FB
CS
OSC

OSC IN 
FROM PIC

ERROR-AMPLIFIER 
SIGNAL

PWM 
SIGNALCS RAMP

5V

2.5V 2.5V

5V

PWM SIGNAL

COMMON
ERROR
SIGNAL

10k

10k
VAMP

IAMP

15k

NULL
OFFSET

VOLTAGE

FOUR-
CELL LI-ION-

BATTERY
PACK

AMPLIFIER

AMPLIFIERRSENSE

VREF

2.5VREF

IREF  (FROM
MICROCONTROLLER’S

I/O PORT)

ISENSE

�VBATT

�VBATT

BIDIRECTIONAL SYNCHRONOUS
BUCK-BOOST CONVERTER

DC-BUS
VOLTAGE

PWM INPUT

�

�

�

�

�

�

�

�

�

�

�

�

�

�

VREF
VCC
VEXT

GND

edn071002ms4250_id   62edn071002ms4250_id   62 10/10/2007   12:40:33 PM10/10/2007   12:40:33 PM



Also, the voltage-noise spectral density is limited to 55 nV/
√—Hz. The OPA333 offers rail-to-rail input and output and is
available in SC70 and SOT23 packaging. Operation is speci-
fied from –40°C to 125°C.

Device Description

The OPA333 consists of a high-precision path (gm1, gm2,
and gm3) in parallel with a wideband path (gm4 and gm3).
(See Figure 2.) The precision path ensures a high open-loop
gain, while the wideband path provides high gain band-
width and high phase margin. To achieve high gain while
operating from very low supply voltages, the precision path
uses a three-stage, nested Miller-compensated (NMC) cas-
cade amplifier. Careful design of the gm stages and appro-

priate selection of 
the Miller compensation
capacitances can shift the
dominant pole to very low
frequencies and the second
pole to very high frequen-
cies, which expands the
range of stable operation.

VIN

C2

C1

Low-Pass

Notch Filter
Chopped Input Stage

VOUT
–g

m3

+g
m2

+g
m4

+g
m1

OSC

–20 dB per

      decade

Modern micropower applications require not only a very
small offset and offset drift but also very low noise. A front-
end, low-noise amplifier combined with signal-conditioning
circuitry and an input sensor forms a microsystem that often
has to either be portable or stand alone and is therefore
battery-powered. Because power consumption has to be
small, it is crucial to eliminate the 1/f (flicker) noise and to
reduce the overall noise down to the fundamental thermal
noise, which is mainly determined by the allowable current
consumption of the input stage. A new, micropower, low-
noise, chopper-stabilized operational amplifier, OPA333,
fulfills these requirements while operating from a 1.8-V
supply at a quiescent current of only 17 µA. The amplifier
provides a high open-loop gain, AOL = 130 dB, and a 350-kHz
gain bandwidth (GBW) at a phase margin of 60°. With
typical values for offset and drift of VOS = 2 µV and dVOS/dT
= 20 nV/°C, respectively, the OPA333 also generates only
1.1 µVpp of instantaneous noise in the 0.01- to 10-Hz band.

New Zero-Drift Amplifier has an IQ of 17 µA

BRIEF

By Thomas Kugelstadt

Senior Applications Engineer, Industrial Systems

Featured in the latest online issue

• Conversion latency in ΔΣ converters
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input overvoltage protection
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Figure 1. OPA333 performance features
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Figure 2. OPA333 simplified block diagram
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Offset Cancellation

Figure 2 shows that, except for gm1, the input offset volt-
ages of all other stages are strongly suppressed by the
open-loop gains of preceding amplifier stages. Hence the
nonattenuated offset of gm1 requires active cancellation
through either chopping or auto-zeroing.

While an auto-zero amplifier (AZA) removes its offset and
1/f noise at the cost of a raised white-noise level in the
baseband, a chopper-stabilized amplifier reduces its base-
band noise to the initial white-noise level but generates
large output ripple. Because the input-stage noise is
inversely proportional to its quiescent current (IQ), an AZA
requires an increase in IQ to achieve the desired low-noise
level. Since this increase counteracts the requirements of a
micropower amplifier, it is desirable to use a chopper-
stabilized amplifier and find some way to filter the output
ripple.

The chopper stage does not introduce wideband folding
components into the baseband, but the process of chop-
ping creates increased output ripple because it modulates
the offset to a higher frequency range where no noise
existed before. To reduce the output ripple by a factor of
500 or more, the OPA333 has a switched-capacitor (SC),
low-pass notch filter in the offset cancellation path with filter
notches at the chopper frequency and its harmonics. 

The Final Amplifier System

Figure 3a shows the actual implementation of the chopper-
stabilized amplifier, and Figure 3b shows timing wave-
forms. During phases 1 and 2, the input signal is modulated.
During phases 3 and 4, the capacitors C5 and C6 work in
tandem. While C5 is charged with current from gm1, the
charge on C6 is transferred to the integrator, gm2, and vice
versa. Note that the input signal is modulated twice, once
by the input switches of gm1 and a second time by the out-
put switches. Relative to VIN, the polarity or direction of the
current from gm1 remains the same during phases 1 and 2.
However, the offset voltage (or offset current) is modulated
only once by the output switches. Its polarity changes from
phase 1 to phase 2.

During the first half of phase 3 (that is, tCK/2 of the clock
period), the phase 1 switches are closed so that the com-
bined signal (ISIG) and offset (IOS) currents from gm1

g
m1
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Phase 4

Phase 4

Phase 3

Phase 4

Phase 4

Phase 3

C4

C5
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Low-Pass Notch Filter
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Phase 2

Phase 1

Phase 2

Phase 1

Phase 2

Phase 1

Figure 3a. OPA333 detailed block diagram

(ISIG + IOS) charge C5. During the second half of phase 3, the
phase 2 switches are closed and the direction of the offset
current changes so that the charge on C5 is ISIG – IOS. The
capacitor’s charge is given by Q = IC × t, with t = tCK/2, 
IC1 = ISIG + IOS, and IC2 = ISIG – IOS. Thus, after phase 3 is com-
pleted, C5 has the charge of QC5 = (ISIG + IOS) × tCK/2 
+ (ISIG – IOS) × tCK/2 = ISIG × tCK. The offset-free charge is then
transferred to the next stage during phase 4, where the
same procedure is applied to C6.

Summary

The OPA333 is a superior, zero-drift micropower amplifier.
Chopper stabilization ensures low baseband noise at very
low supply currents. Integrated low-pass filtering removes
the output ripple created by the chopper modulation of the
input offset. Because an amplifier’s noise power density is
inversely proportional to its quiescent current, the product
(e2

n × IQ) represents a figure of merit, revealing how much
additional tail current is necessary to reduce the remaining
baseband noise to the desired level after the process of 
offset cancellation. A more familiar figure is the ratio of
gain bandwidth to quiescent current, GBW/IQ, disclosing
how much bandwidth per microampere is achieved. In
both figures of merit, the OPA333 demonstrates superior
performance versus competing devices.
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grammable undervoltage lockout with hysteresis. Choosing 
the proper hysteresis can be challenging, because input im-
pedance is difficult to predict in many applications. With the 
mixed-signal option, the undervoltage-lockout value and hys-
teresis develop during system integration without changing 
hardware. Using the analog PWM to control the PWM duty 
cycle and cycle-by-cycle current limit reduces the burden on 
the digital system. By controlling the duty cycle using an ana-
log approach and programming the desired output voltage us-
ing a digital method, a high-frequency, programmable power 
system becomes practical and possible.

The POL-converter design combines a microcontroller with 
two high-speed analog PWMs (Figure 4). The 500-
kHz switching frequency reduces the size and cost 
of the module. The design is capable of 20A output 
current, with a programmable output voltage of 0.8 
to 3.3V from a 12V nominal input.

In this design, the microcontroller generates 
the two 180�-out-of-phase oscillator inputs, one 
for each analog PWM. Both offer 50% duty cycle, 
thus limiting the maximum on-time for each con-

verter to 50%. Limiting the cycle-by-cycle switch current in 
this application is necessary to protect the power system from 
external load faults. Additionally, by limiting the maximum 
duty cycle to 50%, a single current-sense transformer becomes 
usable for both output voltages (Figure 5). The 60-to-1 cur-
rent-sense transformer provides current-sense information for 
one phase and then resets and provides current-sense infor-
mation for the other phase. Two digital-temperature switches 
offer thermal protection in this design—one for each output-
voltage channel. The switches provide independent overtem-
perature protection. The sensors are mounted near the highest 
dissipating devices.

The system senses the input voltage using the 
microcontroller’s internal ADC—an action you 
can compare with preprogrammed values to pro-
vide input undervoltage and overvoltage protec-
tion. Hysteresis is also programmable in this de-
sign, making it easier for the end user to adapt 
the dual dc/dc converter to varying source-im-
pedance applications. An internal firmware du-
al-reference generator sets programmable out-
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Figure 4 The POL (point-of-load)-converter design combines a microcontroller with two high-speed analog PWMs.
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put voltages. This software digital reference passes 
through a second-order filter to minimize ripple, 
because the system represents any ripple voltage on 
the reference at the output of the converter.

DEVELOP A BOUNDARY
An important decision for both of these applica-

tion examples is where to partition the analog and 
digital boundaries. Both applications require some 
form of digital control. However, full digital control 
of the power-train duty cycle at a high switching fre-
quency is impractical and fails to meet the neces-
sary size and cost constraints. Therefore, you must 
develop a dividing line or analog-digital boundary. 
One method for achieving this goal is to use a sim-
ple, high-speed analog-PWM module for this gen-
eral-purpose boundary crossing.

Another challenge in developing mixed-signal 
power systems involves protection speed. By using 
an analog-PWM module that provides 12-nsec per-
formance from current-limit sense to PWM output, designers 
can overcome this difficulty. Additionally, many microcon-
trollers have onboard analog functions that assist in protec-
tion. In the bidirectional-system application, you can use an 
internal comparator to sense an output overvoltage condition 
and disable switching at speeds greater than 200 nsec.EDN
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Figure 5 By limiting the maximum duty cycle to 50%, a single current-sense 
transformer becomes usable for both output voltages.
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Most isolated, offline SMPSs 
(switched-mode power sup-

plies), including flyback, forward, and 
resonant, must operate at input volt-
ages of 90 to 260V rms. Some cases 
even use line-to-line voltages of 400V 
rms�10%, leading to increased com-
ponent-voltage ratings and, thus, in-
creased cost of the overall design. In 
such cases, it is preferable to use input-
limiting circuits, allowing you to in-
crease the input voltage to 440V rms 
without damaging the power-supply 
components.

The circuit in Figure 1 limits, or 
clamps, input-ac voltages higher than 
260V rms to levels safe for the op-
eration of the power MOSFET in an 
SMPS. The circuit employs MOSFET 
Q1 working as a 100-Hz switch and 
shunt-regulator IC1, a TL431CZ, set-
ting the clamped high-voltage level by 
divider R2 and R4. The circuit uses the 
component values shown. The clamped 
output voltage is 360V dc, the input 
voltage is 260V rms, and the maximum 
input voltage is 440V rms. The circuit 
was tested at power levels of 5 to 10W.

At an input voltage of less than 
260V rms, Point C is less than 2.5V, 
and IC1 is off, sinking the minimum 
off-state cathode current. Zener diode 
D2 breaks down to 15V, ensuring a sta-
ble on-state for Q1. This operation is 
the normal condition of Q1 at input 
voltages lower than 260V rms. Ac-
cordingly, at these voltage levels, the 
circuit works as a standard full-bridge 
rectifier under capacitive load C3.

At an input voltage of 260V rms or 
greater, Point C becomes higher than 
2.5V, and IC1 turns on, diverting and 
sinking the current from D2. The gate-
to-source voltage of Q1 drops to ap-
proximately 2V, and Q1 switches off. 
Now, no current flows to charge bulk 
capacitor C3 even if the D1 bridge-rec-
tifier diodes are forward-biased. The 
rectified input-ac voltage is higher 
than the voltage across C3, but Q1 is 
off, the loop is interrupted, and no cur-
rent flows. Accordingly, the output-dc 
voltage across C3 gets limited because 
no charging current is available.

When the rectified ac-input voltage 
starts decreasing, it eventually hits the 

2.5V threshold level of Point C, and 
Q1 again switches on. But current does 
not flow because the rectifier bridge’s 
diodes are now reverse-biased; the rec-
tified input-ac voltage is less than the 
voltage across C3. The voltage across 
C3 decreases at a rate that the output-
power level determines. Eventually, 
the voltage across C3 and the rectified 
input-ac voltage intersect at a level 
when the rectifier bridge’s diodes get 
forward-biased. Q1 is still on; there-
fore, charging current starts flowing. 
A short interval follows, during which 
both Q1 and D1 conduct. The short 
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designideas
Use a TL431 shunt regulator
to limit high ac input voltage

Figure 1 This simple circuit clamps input-ac voltages higher than 260V rms to levels safe for the operation of the power 
MOSFET in a switched-mode power supply.
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The Analog Devices (www.
analog.com) AD8553 autoz-

eroed instrumentation amplifier has 

a unique architecture in that its two 
gain-setting resistors have no com-
mon junction (Reference 1). The 

first stage of the IC is a precise volt-
age-to-current converter, in which the 
first gain-setting resistor, R1, sets the 
magnitude of the transconductance. 
The end stage of the IC is a precise 
current-to-voltage converter, in which 
the value of its feedback resistor, R2, 
co-determines the overall voltage gain 
as G�2(R2/R1). You can exploit the 
fact that the two gain-setting resistors 
are separate and that the input stage 
is a voltage-controlled current source 
to lower the component count in am-
plifiers with extreme noise-reduction 
demands.

You can use more amplifiers to re-
duce noise in two ways. First, assume 
that the sources of random noise in the 
amplifiers are mutually independent. 
Further, assume that the noise obeys 
a gaussian distribution. When averag-
ing the outputs of classic voltage am-
plifiers, you can reduce the noise to a 
fraction of 1/�N by using N amplifi-
ers and three times as many resistors 
(Reference 2). The internal structure 
of the AD8553 allows you to use just 
N�1 resistors for an almost-unlimited 
number of ICs operating in parallel. By 
paralleling the respective input pins of 
more ICs, the connected internal volt-
age-to-current sources easily operate 
in parallel (Figure 1). The microvolt-
range input-voltage-offset mismatch at 
paralleled input pins of several ICs is 
harmless here because the output re-
sistances of the voltage-to-current con-
verters are theoretically infinite.

The net result of paralleling N input 
stages is that they output current of 
N(VINP�VINN)/(2R1), or N times that 
of a single IC. You use only one of the 
current-to-voltage stages of the N ICs. 
That stage’s feedback resistor has the 

designideas

charging pulses replenish the energy 
loss, increasing the voltage to the lim-
ited level. When the input voltage gets 
higher than 260V rms, Q1 again switch-
es off, and the whole process repeats.

Q1 has small power dissipation. Dur-
ing every switching period, the MOS-
FET is on for only 450 �sec, resulting 
in high efficiency for this high-volt-
age-limiting circuit. You can use it as 

a MOSFET switch with the STMicro-
electronics (www.st.com) SuperMesh 
MOSFET STP4NK50Z, which comes 
in a TO-220 package, but you can also 
use a Dpak to save space because the 
MOSFET is not a dissipative-voltage 
limiter. The current through Q1 gets 
interrupted when the 50/60-Hz recti-
fying diodes are forward-biased. This 
current interruption causes ringing 

on the drain-to-source voltage. The 
clamping circuit passed the conducted 
EMI (electromagnetic-interference) 
tests, according to EN 55022 Class 
B, using peak and average detection. 
The 1-mH, 0.2A chokes, L1 and L2, 
suppress EMI. The 220-nF, 440V-ac 
capacitor, C1, is a simple snubber el-
ement across the rectifying diodes of 
the D1 bridge.EDN

Autozeroed amplifier with halved noise 
needs few components
Marián Štofka, Slovak University of Technology, Bratislava, Slovakia
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Figure 1 The unique architecture of the AD8553 instrumentation amplifier, 
incorporating an input-voltage-to-current converter, allows 50% noise 
reduction with fewer components.
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There is much interest in LED-
based lighting due to the avail-

ability of high-power, high-efficiency 
white—and other-color—LEDs (Ref-
erence 1). Because an LED is a cur-
rent-controlled device, typical control 
circuits regulate the current through 
the LED to maintain uniform inten-
sity. To optimize available power, users 
often operate the LEDs 
with a switching-con-
verter circuit—either 
a buck or a boost con-
verter—depending on 
the input-dc voltage. 
Figure 1 illustrates the 
configuration of typical 
buck- and boost-con-
verter white-LED-driv-
er circuits. Adding the 
resistance, R, in series 
with the white LED sets 
the current through the 
LED. The value of the 
resistance depends on 
the desired LED current 
and the feedback volt-
age that the buck/boost 
converter requires. For 
example, the required 
resistance is 12� for a 
100-mA average current 
through the LED and a 
1.23V feedback voltage. 

To reduce the power dissipated in the 
series resistance, engineers often em-
ploy the circuit configurations in Fig-
ure 2. In this configuration, the ampli-
fier’s gain reduces the power dissipated 
in the series resistor by a factor equal to 
the gain (Reference 2).

The circuit configurations in fig-
ures 1 and 2 work well in regulating 

designideas

value of R2/N, where R2 is the value for 
a desired voltage gain of AV in a sin-
gle IC. Because the primary source of 
noise in an amplifying IC is its input 
stage, you can assume that the stand-
ard deviation of the random compo-
nent of output current of the paral-
leled-N voltage-to-current converters 
is �NI��I��N, where �I is the stand-
ard deviation of the random compo-
nent of output current of a voltage-to-
current converter. These results differ 
from those in Reference 2, in which 

the authors perform noise reduction 
by averaging multiple voltages. On the 
other hand, the deterministic part of 
current at the common output of the 
voltage-to-current converters in Fig-
ure 1 has the value of N times that of 
the single IC. The following equation 
calculates the RSNR (relative signal-
to-noise ratio), which you define as the 
output current over the standard devia-
tion of output noise: RSNRN�(N�I)/
(�I��N)��N�RSNR1. It means 
that, in effect, the noise of the circuit 

has decreased to a fraction of 1/�N 
compared with that of a single IC.EDN

R E FE R E N CE S
 “AD8553 1.8V to 5V Auto-Zero, 
In-Amp with Shutdown,” Analog 
Devices, 2005, www.analog.com/
en/prod/0,2877,AD8553,00.html.
 Štofka, Marián, “Paralleling 
decreases autozero-amplifier noise 
by a factor of two,” EDN, June 7, 
2007, pg 94, www.edn.com/article/
CA6447227.

Buck regulator controls 
white LED with optical feedback
Dhananjay V Gadre, Netaji Subhas Institute of Technology, 
New Delhi, India
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reduces the power dissipated in the series 
resistor by a factor equal to the gain.
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Figure 1 Depending on the input voltage, 
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the current through the LED, provid-
ed that the ambient temperature re-
mains constant. However, white and 
other-color LEDs exhibit significant 
variation in luminosity as a function 
of temperature (references 2 and 3). 
Typical figures for variation in lumi-
nosity range from 40 to 150% for a 
100�C change in temperature. Thus, 
if you expect the ambient temperature 
to vary, regulating only the current 
through the LED is an inefficient way 
to control the LED. An alternative is 
to use optical feedback to control the 
LED (Reference 3).

However, rather than use an expen-
sive light sensor and amplifier circuit, 
you can use a suitable LED as a light 
sensor (Reference 4). Figure 3 illus-
trates a controller for a white LED 
using an inexpensive buck-regula-
tor IC, an adjustable LM2575. A 3-
mm red LED in a transparent package 
senses the light from a 10-mm white 
LED. The white-LED spectrum is 
wide enough to excite the red LED as 
a sensor. For a test current of 60 mA 
through the white LED, the red-LED-
sensor voltage is approximately 40 mV. 
Because the circuit uses the red-sen-
sor LED’s voltage as a feedback to the 
buck regulator, you must use an am-
plifier with a gain of approximately 30 
because the internal reference volt-
age of the LM2575 buck regulator is 
1.23V. Resistors R1, R2, and R3 control 
the gain of the amplifier, which com-
prises an inexpensive LM358 dual op 
amp. The input-dc voltage powers the 
op amp. Resistors R1, R2, and R3 have 
values of 270, 560, and 10 k�, respec-
tively. Because R2 is a variable resistor, 
changing its setting changes the gain 
and, thus, the current through the 
white LED. Thus, R2 acts as bright-

ness control. The amplifier gain ranges 
from 28 to 84, depending on the set-
ting of R2.

The red LED as a sensor mounts on 
the side of the white LED itself, there-
by using only a fraction of the emitted 
light from the white LED. File the 3-
mm red LED’s top to get a flat surface, 
and then use a drop of superglue to se-
cure the 3-mm red LED onto the side 
of the white LED.

The LM2575 buck regulator works 
by changing its duty cycle to regulate 
the output voltage. If the white-LED 
output light falls because of increased 
temperature, the red-LED sensor’s 
voltage falls proportionately. The out-
put of the red-LED sensor connects to 
the feedback input (Pin 4) of the regu-
lator IC, and, in response, the regula-
tor IC increases the duty cycle of the 
output voltage you apply to the white 
LED, thus stabilizing the light. In case 
of a decrease in ambient temperature, 

the white-LED light increases, and 
the regulator reduces the output volt-
age, which stabilizes the white-LED 
light.EDN

R E FE R E N CE S
 Saab, Alfredo H, and Steve Logan, 

“High-power LED drivers require 
no external switches,” EDN, July 19, 
2007, pg 78, www.edn.com/article/
CA6459061.

 “Specifications for Nichia Warm 
White LED,” Nichia Corp, www.
nichia.com/specification/led_lamp/
NSPL510S-E.pdf.

 Santos, Bjoy, “Optical feedback 
extends white LEDs’ operating life,” 
EDN, Jan 18, 2007, pg 84, www.edn.
com/article/CA6406731.

 Gadre, Dhananjay, and Sheetal 
Vashist, “LED senses and displays 
ambient-light intensity,” EDN, Nov 9, 
2006, pg 125, www.edn.com/article/
CA6387024.
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Figure 3 Use an inexpensive buck regulator and a red LED as a sensor for 
optical feedback to control the intensity of a white LED.

The Freescale HC08 and newer 
HCS08 microcontroller families 

have versatile peripheral modules. Their 

clock generators are no exceptions. 
They range from the internal clock, 
which frees I/O pins, to external crys-

tals or oscillators. Once you select the 
timing source, you have many options 
for controlling the final bus frequency. 
For instance, connecting a 32,768-Hz 
crystal to an MC9S08GB microcon-
troller allows you to use the FLL (fre-
quency-locked loop) to generate many 
bus frequencies as high as 18.874 MHz. 

Routines directly measure 
microcontroller-bus clock
Kerry Erendson, Bulova Technologies

�

1

2

3

4
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Part Description Interface Authentication Feature

DS28CN01** 1kb EEPROM with SHA-1 I2C/SMBus™ Bidirectional SHA-1 challenge and response
DS2432** 1kb EEPROM with SHA-1 1-Wire® Bidirectional SHA-1 challenge and response
DS28E01-100** 1kb EEPROM with SHA-1 1-Wire Bidirectional SHA-1 challenge and response
DS2401/DS2411 64-bit ROM serial number 1-Wire Customized 64-bit ROM
DS28CM00 64-bit ROM serial number I2C/SMBus Customized 64-bit ROM
DS2431 1kb EEPROM 1-Wire Customized 64-bit ROM, WP/OTP modes
DS2460** SHA-1 coprocessor I2C Secure storage of system secrets

PRINTER
TONER/INK

CARTRIDGES
PORTABLE

MEDIA PLAYERS

ROUTERS

MEDICAL INSTRUMENT
PROBES/SENSORS

OUR SOLUTIONSOUR SOLUTIONSOUR SOLUTIONS

YOUR SECURITY
REQUIREMENTS
YOURYOUR SECURITY SECURITY
REQUIREMENTSREQUIREMENTS

PROVEN ELECTRONIC
AUTHENTICATION SOLUTIONS

Protect Your Development Investment

The DS28CN01 is the latest addition to our wide range of low-cost*, well-tested, and proven authentication
solutions. Authentication options range from customization of the unique serial number that is factory-
lasered into each device (providing controlled-procurement access) to secure crypto-strong FIPS 180-1/2
and ISO/IEC 10118-3 SHA-1-based challenge and response for bidirectional authentication.

CO

FOR MORE INFORMATION,INCLUDING PRICING, SAMPLES, DATA SHEETS, AND APP NOTES, GO TO:www.maxim-ic.com/Protect

♦ HW/SW License Management
♦ Soft Feature-Setting Control
♦ System Copy/Clone Protection
♦ Safety/Quality Assurance

www.maxim-ic.com/Protect

1-800-332-86381-800-777-27761-888-MAXIM-IC

™DIRECT

FREE 1-Wire 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 Direct, Arrow, Avnet Electronics Marketing, Digi-Key, and Newark.
The Maxim logo is a registered trademark of Maxim Integrated Products, Inc. 

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

SMBus is a trademark of Intel Corporation.
1-Wire is a registered trademark of Dallas Semiconductor Corp. Dallas Semiconductor is a wholly owned subsidiary of Maxim Integrated Products, Inc.
*Authentication solutions starting as low as $0.15 for consumer-electronics volumes. 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.
**Data sheet provided under NDA.
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designideas

Selecting the source, the divisors, and 
the FLL settings allows versatility but 
also can get complicated.

Once you write the bus-clock-initial-
ization routine, you may want to verify 
that the bus is running at the speed you 
intend before moving on to the rest of 
the project. This Design Idea presents 
routines that output a square wave at 
exactly one-tenth the bus speed on any 
I/O port (listings 1 and 2). Just con-
nect a frequency counter to this pin, 
and it will display your bus frequency. 
All you have to do is move the deci-
mal point one place to the right. Once 
you verify the bus speed, you can con-
fidently write the timer, serial-I/O, and 
other clock-dependent routines.

You need to write code only to first 
disable interrupts and disable the COP 
(common on-chip processor). In your 
bus-clock-initialization routine, be sure 
to initialize the I/O port you want to 
use as an output. Then, just jump to 
the toggle clock, which outputs the bus 
frequency divided by 10 until power-
down. This Design Idea uses PB0 in 

the HC08 version and PD0 in the 
HCS08 version. You can use any avail-
able I/O port by altering the first line 
to identify the port and the second line 

to choose a bit. Also, this Design Idea 
names ports with the older notation 
PB, instead of today’s more fashion-
able PTB.EDN

;TOGCLK - toggle PB0 at 1/10th the bus clock freq. (square wave)
;(NEVER ENDS)

TOGCLK     LDHX #PB        ;put 16-bit address of PB in H:X
                 LDA #$01       ;make whatever bits in PB that will toggle=1
TOG01     CLR ,X       ;2
                 NOP       ;1
                 NOP        ;1
                 NOP       ;1
                 STA ,X       ;2
                 BRA TOG01     ;3

;TOGCLK - toggle PD0 at  1/10th the bus clock freq. (square wave)
;(NEVER ENDS)

TOGCLK  LDHX #PD ;put 16-bi t  address of  por t  PD in H:X
              LDA #$01 ;make whatever bi ts in PD that wi l l  toggle=1
TOG01    STA ,X  ;2
              NOP             ;1
              CLR ,X         ;4
              BRA TOG01 ;3

LISTING 2  CODE FOR HCS08

LISTING 1  CODE FOR HC08

Part No. Efficiency
Output
Current

Supply Voltage Output Voltage
Shutdown
Disconnect

Package

% mA V V

AS1301-BTDT 92 50 2.7 to 5.25 5 4 TDFN(3x3)-10

AS1301-BWLT 92 50 2.7 to 5.25 5 4 WL-CSP-8

Power without Coil!

Order samples online at ICdirect

https://shop.austriamicrosystems.com

Especially for RF applications which are sensitive 
to electromagnetic radiation austriamicrosystems’ 
inductorless DC-DC regulator is the ideal solution. 
AS1301 provides a perfect combination of low power, 
simplicity and low cost.

C1+

C1-

C2+

C2-

VBATT

EN

OUT 5V

GNDON
OFF

2.7 to 5.25V
VBATT AS1301

92% Efficiency 

5V Output Voltage

50mA Output Current

2.7 to 5.25V Input Voltage

Output Disconnect in Shutdown

Inductorless

DC-DC Regulator

West Coast (408) 345-1790  East Coast (919) 676-5292
www.austriamicrosystems.com
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Achieve 0.03% Accuracy over Temperature 
and Gain Settings

Features
• Unmatched gain accuracy for every gain setting enables accurate
 signal conditioning from -40°C to +125°C

• Gain range 1 to 16 V/V in 1 V/V steps enables fl exible and fi ne gain adjustments

• Programmable frequency compensation increases usable bandwidth for all 
 gain settings 

• Input zero calibration switch allows output offset voltage measurement
 and calibration

• Glitch-free transition between programmed settings eliminates errors 

• 12 nV/  Hz input noise voltage accurately conditions the signal in near
 DC-sensor applications

• SOIC-14 packaging

• Ideal match for 12-bit, 1-channel ADCs up to 1 MSPS

Ideal for use in industrial instrumentation, sensor interface, data acquisition, 
test equipment, and gain control applications

 National Semiconductor Corporation, 2007. National Semiconductor, LMP, Signal Path Designer, and      are registered trademarks of National Semiconductor Corporation. All rights reserved.

For FREE samples, datasheets, online design tools, 
and more information on the LMP8100, visit

   amplifi ers.national.com

Or call: 1-800-272-9959

LMP8100 Programmable Gain Amplifi er Increases System Accuracy in Data Acquisition Systems
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A division of

Get free advice, pricing articles, ratings and quotes on Business Purchases from digital copiers,
to phone systems, to payroll services and more.  Visit BuyerZoneBusiness.com today to make
fast and efficient business purchase decisions.  At BuyerZone, you’re in control.  We’re just here
to make your work easier.

Join the millions who’ve already saved time and money on many of their Office Equipment
purchases by taking advantage of BuyerZone’s FREE, no obligation services like:
• Quotes from multiple suppliers
• Pricing articles
• Buyer’s guides
• Supplier ratings
• Supplier comparisons

REQUEST FREE QUOTES NOW!
Call (866) 623-5564 or visit 
BuyerZoneBusiness.com Where Smart Businesses Buy and Sell

No need to duplicate yourself

BuyerZone saves you time and money
on COPIERS AND MORE.
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830-nm laser diodes use passive 
NAMs to prevent COMD

Based on the vendor’s QWI (quantum-well-intermix-
ing) technology, the HPD6020 high-power, single-emit-

ter laser diode provides 830�5-nm wavelengths and 200 mW 
of output power. The QWI technology increases the quantum-
well bandgap of a semiconductor laser in a controlled man-
ner, allowing the creation of active and passive sections in the 
same laser cavity. The device creates passive NAMs (nonab-
sorbing mirrors) at the facet regions of the cavities to avoid 
COMD (catastrophic optical-mirror damage). The HPD6020 
costs $200.
Intense Ltd, www.intenseco.com

Triple-output LED driver targets 
RGB lighting and LCD backlighting 
in portable devices

Driving tricolor RGB LEDs for enhanced LCD back-
lighting, the NCP5623 triple-output LED driver has 

an I2C interface and built-in gradual dimming. The device 
suits portable-system applications, including cell phones and 
MP3 players. With a �0.5% typical matching tolerance and 
32 current levels, the unit’s three independently controlled 
outputs allow 32,000 colors with a tricolor RGB LED. The 
device includes an integrated gradual-dimming function 
that progressively increases or decreases output current, pro-
ducing a theatrical fade-in/fade-out effect. The driver has 
94% peak efficiency with less-than-1-�A standby current 
over a lithium-based-battery operating range. Available in 
a 2�2�0.55-mm LLGA-12 package, the NCP5623 costs 55 
cents (3000).
On Semiconductor, www.onsemi.com

OPTOELECTRONICS/DISPLAYS

productroundup

�

Cirronet has it all. ZigBee compliant 2.4 
GHz, high power wireless mesh networking 
module, combined with a ZigBee compliant 

Modbus or Ethernet gateway allow 
seamless integration of networked 
sensors and devices into existing 
networks. Developer’s Kit
accelerates the integration process. 
Don’t need ZigBee? How about 

other options for low cost, low 
power modules including proprietary mesh with 

sleeping routers, 802.15.4, 433MHz and 900MHz?

Each is FCC Certified for unlicensed operation, saving you 
even more. All from a name you trust ... Cirronet.

Call or visit our web site today!

+1.678.684.2000
www.cirronet.com

Actual Size

32
%

 o
f A

ct
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ize

ZigBee Technology,
        Proprietary Mesh and More

New Single Chip with ZigBee 2006
�

Full-color LED package provides 
independent control for high outputs

Providing a 130� viewing angle, the OVSPRGBCR4 
full-color, surface-mount LED package allows indepen-

dent control of each color for high output 
from each chip. It also allows for pro-

gramming the color mix to achieve all 
the colors of the rainbow plus white. 
Comprising red, green, and blue LEDs, 
the RGB LED package has water-clear 

lenses mounted on top. The device fea-
tures 21-, 32-, and 7.5-lm luminous flux 

�
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V•I Chip power components provide fast response and maintain power integrity

800-735-6200                   vicorpower.com/fpaedn1

• Maximizes processor speed

• Simplifies power management 
software

• Eliminates processor faults

• No bulk electrolytic capacitors

• Minimal footprint

The MHz PRM regulator and the low

AC impedance (less than 1 mΩ) VTM

transformer deliver the fastest transient

response without bulk capacitance at the

load. V•I Chips enable flexible load line

and compensation techniques which allow

for matching of power source to the load.

Call 800-735-6200 for 
design support.            
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

All parts available from stock 

Product Listing

PRM VIN Nominal VOUT Range Output Power Efficiency 
Model No. (V) (V) (W) @ Full Load 

(%)

P024F048T12AL 24 26 - 55 120 95.0

P048F048T24AL 48 36 - 75 240 96.0

P045F048T32AL 48 38 - 55 320 97.0

VTM VIN Nominal VOUT Range Output Power Efficiency 
Model No. (V) (V) (W) @ 50% Load 

(%)

V048F015T100 1.5 0.81 - 1.72 100 91.0

V048F020T080 2.0 1.08 - 2.29 80 94.2

V048F120T25 12.0 6.50 - 13.75 25 95.1

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

48 VIN , 1.2 VOUT , 0-40 A at 10 A/µs
Less than 50 mV undershoot and recovery 
in <5 µs using 330 µF ceramic COUT.

CH1: VOUT 100 mV/div                   Timebase: 1 µs
CH2: lOUT 40 A/div

CH1: VOUT 50 mV/div                     Timebase: 5 µs
CH2: lOUT 50 A/div

CH1

CH2

CH1

CH2

48 VIN , 1.2 VOUT , 0-100 A at 600 A/µs
Less than 30 mV unders hoot and recovery 
in <2 µs using 220 µF ceramic COUT.

50 mV

< 30 mV

<5 µs

Load Step Recovery Load Line Recovery

< 2 µs
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for red, green, and blue LEDs, with a 7-, 
11-, and 2.8-cd typical on-axis intensi-
ty, respectively. Features include a 250-
mA dc forward current per color, a 500-
mA peak-pulsed-forward current, and a 
20K/W thermal resistance. Supporting a 
125�C maximum rated junction temper-
ature, the device has a �40 to �100�C 
operating-temperature range. Measur-
ing 6�6�1.5 mm, the OVSPRGBCR4 
power-LED package costs $4.
Optek Technology, www.optekinc.com

OPTOELECTRONICS/DISPLAYS

productroundup
PCB Connectors I/O Connectors Housings Systems

A midget in size, 
a giant in 
performance:
MicroSpeed®

MicroSpeed Power Module: 6–8 amps in
only 0.34 ccm.
If there were a type of body power index for
connectors, the new MicroSpeed Power
Module would eclipse all of its competition.
Never before has such a high-performance
connector been achieved in such a small
space: 6–8 amperes in a construction volume
of only 0.34 ccm. Measured at this size, the
MicroSpeed surpasses the transmission per-
formance of its ERmet Power Module colleague
by a factor of 7.3.

Continuous mezzanine distances from
5 to 20 mm
4 x 4 male-female combinations deliver 16
mezzanine distances from 5 to 20 mm. The
design is configured for automatic assembly,
optionally with SMT or THR shield contacts.
3-point contacts with optimized materials guar-
antee a reliable power supply even under
mechanical and thermal loads. This mighty
mouse also boasts typical ERNI quality charac-
teristics. 
Call ERNI for samples, today.

USA: 1-800-296-3764
Europe: +49 7166 500
Asia: +65 6 555 5885
www.erni.com/microspeed

Millimeter Ampere

White-LED drivers 
target medium- and 
high-brightness systems

Claiming a 91% efficiency at 
maximum load for improved ther-

mal conditions, the multistring SC440 
and SC441 white-LED drivers power 
display-backlight applications in note-
book-computer and LCD panels. The 
SC440 can power six strings of 30-mA 
white LEDs in series, making the device 

suitable for dis-
plays as large 
as 15 in. The 
SC 441 powers 
four strings of 
150-mA white 
LEDS in series 
and suits auto-
motive-naviga-

tion screens and other screens as large 
as 9 in. The devices feature a 4.5 to 
21V input range, a 2.5A built-in pow-
er switch, extensive protection mecha-
nisms, and a PWM (pulse-width-mod-
ulation) dimming control with 50-kHz 
frequencies, allowing a 0.2 to 100% lin-
ear brightness. The SC440 and SC441 
each cost $2.13 (1000).
Semtech, www.semtech.com

Step-up dc/dc converters 
have 92% efficiency

Claiming 92% efficiency, the 
MAX8901A/MAX8901B step-up 

Charge-pump-based 
white-LED drivers aim 
at affordable headsets

Targeting affordable handsets, the 
AAT3193 is the first in a fam-

ily of two- and three-channel, charge-
pump-based white-LED drivers. Driving 
three LEDs at 30 mA each, the driver 
supports the illumination of low-cost, 
monochrome, and highly opaque TFT 
(thin-film-transistor)-LCD panels. The 
driver features 10% part-to-part current 
accuracy and 3% channel-to-channel 
current matching. These charge-pump-
based devices automatically switch be-
tween 1 and 2� mode, improving ef-
ficiency and minimizing the number of 
required external components. Avail-
able in a 2�2-mm, 10-lead SC70JW 
package, the AAT3193 driver costs 49 
cents (1000).
Advanced Analogic Technologies, 
www.analogictech.com

dc/dc converters drive a string of two 
or six white LEDs. Enabling 1-�F in-
put capacitors and 0.1-�F output ca-
pacitors, the converters drive 1.5- to 4-
in. LCDs in battery-operated devices, 
such as PDAs, GPS (global-position-
ing-system) devices, smartphones, and 
digital cameras. Features include a sin-
gle input enabling the IC and control-
ling LED intensity and 0.1-�A power 
consumption in shutdown mode. With 
the LED current proportional to the 
PWM (pulse-width-modulation) duty 
cycle, the MAX8901A uses a direct-
PWM input for regulating LED inten-
sity. The MAX8901B uses single-wire, 
serial-pulse dimming, reducing LED in-
tensity in 32 linear steps; the devices 
have a 24.75-mA full-scale LED cur-
rent for serial-pulse dimming at 0.75-
mA per step. Available in 2�2-mm 
TDFN-8 packages, the MAX8901A 
and MAX8901B converters cost $1.25 
(1000) each.
Maxim Integrated Products, 
www.maxim-ic.com

�

�

�
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Synchro/resolver-to-digital 
converter has eight 
measurement channels

The 74SD3 synchro/resolver-to-
digital converter comes on a con-

duction-cooled PMC. The converter 
pro vides eight independent, programma-
ble synchro/resolver tracking-converter-
measurement channels. Each channel 
features 16-bit resolution, �1-arc-min-
ute accuracy, a 150-rps tracking rate, ac-
curate digital-velocity output, and wrap-
around self-test. The 74SD3 costs $3158 
(100).
North Atlantic Industries, www.naii.
com

TEST AND MEASUREMENT

productroundup

�

Keep it 
Simple.

� Now more than 
30 modules

� New NI LabVIEW 
data-logging software
included

� Hi-Speed USB for up to 
6.4 MS/s streaming I/O

� Compact 25 by 9 by 9 cm 
form factor

© 2007 National Instruments Corporation. All rights reserved. 
LabVIEW, National Instruments, NI, ni.com, and NI CompactDAQ

are trademarks of National Instruments. Other product and 
company names listed are trademarks or trade names of their

respective companies. 2006-8345-301-101-D

>> For more information 
and pricing, visit
ni.com/compactdaq/new

800 327 9894

NI CompactDAQ
USB Data Acquisition

TDC includes six 
independent stopwatches

Adding to the vendor’s Acqiris 
product line, the TC890 mul-

tistart, multistop TDC (time-to-digi-
tal converter) features six independent 
stopwatches that provide timing meas-
urements for start events and multiple-
stop events at high resolution. The con-
verter records multiple events, or “hits,” 
per input channel, with 50-psec timing 
resolution and 15-nsec mean dead time 
between sequential pulses on the same 
input at double-pulse resolution. Run-
ning at full speed, the device offers a 25 
million-event/sec data-throughput rate. 
The TC890 TDC costs $13,700.
Agilent Technologies, www.agilent.
com

Embedded-software-veri-
fication platform provides 
multiple interface features

The Stride 2.1 scalable embedded-
software-verification platform en-

ables the development software for 
wireless digital handsets supporting 
standard cellular technology and push-
to-talk two-way radio service. Features 
include remote interfacing with access 
to both function-call APIs and messag-
ing interfaces, on-target-interface trac-
ing with profiling and record-and-play-

�

back functions, and a dynamic-inter-
face interception for simulating or re-
placing embedded-software interfaces. 
These features allow for exercising the 
code during implementation without 
writing test code. The Stride 2.1 plat-
form costs $8300, and current Stride 
2.0 licenses are eligible for an upgrade 
at no cost.
S2 Technologies, www.s2technologies.
com

�

EMBEDDED SYSTEMS
MEMS accelerometer 
suits motion-activated 
user interfaces

The LIS202DL digital-output two-
axis linear accelerometer targets a 

range of low-g applications in consumer 
and industrial markets, including mo-
tion-activated user interfaces, gaming in 
portable devices, and vibration monitor-
ing. The MEMS (microelectromechani-
cal-system) accelerometer features click 
and double-click recognition, motion-
detection/wake-up, and highpass filters. 
Turning on the configurable highpass fil-

ters enables motion-activated functions 
and vibration monitoring, regardless of 
whether the end product is tilted or up-
side-down during measurement. A sen-
sor with an embedded motion-detection/
wake-up feature reduces power consump-
tion in products that power on or off 
during or after being touched or moved. 
Other features include a digital output 
through standard SPI/I2C, a 10,000g 
shock survivability, and a choice of �2 
and �8g acceleration ranges. Available 
in a 5�3�0.9-mm LGA-14 plastic pack-
age, the LIS202DL costs $3 (10,000).
STMicroelectronics, www.st.com

�
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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 Video Drivers

Video Magic.

Intersil’s Video Drivers in space-saving 
µTQFN and chip scale packages deliver 
quality video from tiny little devices.

Intersil’s ISL59117 in tiny 
chip scale package is 
perfect for slim handheld 
applications or space- 
constrained boards.

F HISL59117
in CSP

X =

Intersil’s ISL59114, ISL59115, ISL59116 and ISL59117 
reconstruct S-video to composite video using a fraction 
of the power consumed by competitive devices. 

9MHz reconstruction 
filter removes
aliasing noise from 
video signals. Perfect 
for composite and 
S-video signals.

Integrated gain of 2 
buffer gives great 
output current drive 
and compensates for 
double-terminated
video loads.

Summer amplifier 
(ISL59114/ISL59116) 
creates a composite 
video signal.
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Go to www.intersil.com for samples, datasheets and support
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System-host board 
features Intel’s 
Quad-Core processor

Compatible with Intel’s Quad-
Core processor, the SHB (system-

host-board) Express (PICMG 1.3) sup-
ports one-, four-, eight-, and 16-lane 
PCI Express electrical links. A high-
bandwidth and -speed design supports a 

�

INTEGRATED CIRCUITS

cessor. The standard I/O includes two 
10/100BaseT Ethernet ports, four USB 
2.0 ports, 8-bit GPIO (general-purpose 
I/O), a parallel printer port, and four 
serial ports. Using the vendor’s SeaI/O 
modules, local or remote I/O expansion 
is available in numerous configurations, 
including optically isolated inputs, Reed 
and Form C relay outputs, TTL inter-
faces, analog to digital, and digital to 
analog. The device communicates with 
SeaI/O devices using the Modbus RTU 
(remote-terminal unit), allowing you to 
place one or more SeaI/O modules with 
the computer or remotely at altitudes 
as high as 4000 feet. The Relio R1300 
costs $679.
Sealevel Systems, www.sealevel.com

EMBEDDED SYSTEMS

range of PCI Express option cards and 
bridge chips providing PCI/PCI-X op-
tion-card functions. Features include a 
quad-channel system-memory interface, 
dual independent 1066/1333-MHz front-
side buses, and three 10/100/1000BaseT 
Ethernet interfaces on LAN ports 1 and 
2 of the device’s I/O bracket. The SHB 
costs $5491.
One Stop Systems, www.
onestopsystems.com

Quadrature-encoder 
input board provides A, B, 
and Z inputs per channel

Suiting use with the vendor’s 
PowerDNA, UEILogger, and UEI-

PCA data-acquisition and -control 
cubes, the four-channel DNA-Quad-604 
quadrature-encoder input board provides 
standard A, B, and Z index inputs for 
each channel. Able to handle quadra-
ture applications with a 16.5-MHz max-
imum input frequency and 32-bit coun-
ters, the device includes four digital in-
puts, in addition to the four A, B, and Z 
channels, and eight digital outputs. The 
digital-I/O lines suit use as auxiliary dig-
ital inputs and outputs, or you can con-
figure them as trigger-in, trigger-out, or 
clock-out signals per channel. The digi-
tal I/O features 3.3- and 5V-logic com-
patibility, and the digital outputs supply 
�12-mA drive current, 350V isolation, 
and 7-kV ESD protection. The DNA-
Quad-604 costs $695.
United Electronic Industries, www.
ueidaq.com

Industrial computer 
uses AMD Geode 
LX800 processor

Featuring fanless operation, the 
Relio R1300 industrial computer 

uses the high-performance, low-pow-
er, 500-MHz AMD Geode LX800 pro-

�

�

Motion cards deliver 
high-speed motion trace

The Prodigy motion cards fea-
ture advanced trace capabilities, 

allowing you to store as many as four 
motion variables at once. They provide 
real-time, high-speed servo-trace cap-
ture with 40 kbytes of onboard dual-port 
memory. The devices provide board-lev-
el one-, two-, three-, or four-axis motion 
control for dc-brush, brushless-dc, step, 
and microstepping motors. Available 
in PCI and PC/104 configurations, the 
cards costs $380.
Performance Motion Devices, www.
pmdcorp.com

�
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How do you balance the integration of 
design/IP/manufacturing in your custom 
SoC development?

Get a 2007 calendar poster FREE, plus 
qualifi ed engineers can enter to win an iPod® 
nano* at www.SoCworld.toshiba.com.

©2007 Toshiba America Electronic Components, Inc. All rights reserved.     *Weekly drawings while supplies last. 

Leading companies rely on Toshiba for end-to-end integration 
of custom SoC/ASIC design/IP/manufacturing to minimize 
design risk and speed time to production. By offering these 
critical capabilities under one roof, Toshiba is able to prove 
its IP in  high-volume applications, then follow through in a 
seamless EDA environment to ensure your design is highly 
manufacturable. Finally, the Toshiba design-for-manufacturing 
methodology significantly reduces design defects. 
No other company can match Toshiba electronic 
components — nor the Toshiba commitment to your 
success. Together we can change the world.

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

.19"ht.

See EEM 
or send direct

for FREE PICO Catalog
Call toll free 800-431-1064

in NY call 914-738-1400
Fax 914-738-8225PICOElectronics,Inc.

143 Sparks Ave. Pelham, N.Y. 10803
E Mail: info@picoelectronics.com

www.picoelectronics.com

Delivery-

stock to one week

Audio Transformers
Impedance Levels 10 ohms to 250k ohms,
Power Levels to 3 Watts, Frequency Response
±3db 20Hz to 250Hz. All units manufactured
and tested to MIL-PRF-27. QPL Units available.

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

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

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

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

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

Surface Mount

(Thru-Hole Available)

Transformers and

Inductors

See Pico’s full Catalog immediately

www.picoelectronics.com

Quad PSE controller 
enables POE applications

Targeting POE (power-over-Ether-
net) applications, the MAX5952 

quad PSE (power-source-equipment) 
controller provides 45W of power over 
standard Ethernet cable. Operating from 
32 to 60V, the device provides 802.3af 
powered-device discovery and classifica-
tion and supports dc and ac load-discon-
nect-detection methods. The controller 
includes Class 4 and Class 5 classifica-
tion, suiting high-powered devices. Fea-
tures include an integrated 9-bit ADC 
with an I2C-compatible, three-wire se-
rial interface that monitors and reports 
the current each port draws. A system 
microcontroller can control the de-
vice, or you can configure it for opera-
tion in manual or semiautomatic modes. 
The controller has programmable gate-
charge current, current-limit threshold, 
start-up time-out, overcurrent time-out, 
and autorestart duty cycle. Providing 
pin compatibility with the MAX5945, 
the device also provides undervoltage-
lockout protection, overtemperature 
pro tection, and output-voltage slew-rate 
limit during start-up, power-good, and 
fault status. Available in an SSOP 36, 
the MAX5952 costs $6.33 (1000).
Maxim Integrated Products, www.
maxim-ic.com

INTEGRATED CIRCUITS

�

magnetic sensitivity allows activation 
using either a north magnetic field or a 
south magnetic field. The device switch-
es on in the presence of a sufficiently 
strong magnetic field facing the marked 
side of the package. The Hall sensor fea-
tures a 0.5-mT minimum release point 
and a 6-mT maximum operating point. 
Additional features include a 2.5 to 3.5V 
supply voltage, an 8-�A average current 
consumption at 2.5V, and sensing every 
70 msec maximum. Measuring 1.5�2 
mm with a 0.43-mm maximum thick-
ness, the QFN package enhances pole-
independent performance. Available 
in a thin SOT-23, a chip-scale-pack-
age option, and a QFN package, the 
MLX90248 costs 31 cents (50,000).
Melexis, www.melexis.com

Capacitance-to-digital 
converter supports 
touchpad technology

Targeting cell phones, multimedia 
players, digital cameras, and other 

small mobile devices, the AD7147 ca-
pacitance-to-digital converter integrates 
active-shield technology that protects 
the device from capacitance-to-ground 
pickup and other noise sources in the sys-
tems. The converter features 13 capaci-
tance inputs and femtofarad resolution, 
supporting scroll wheels, touchpads, slid-
ers, or as many as 36 buttons per device. 
The AD7147 analog front end provides 
three times better sensor response than 
the vendor’s previous AD714x products, 
allowing accurate finger navigation. The 
converter consumes 1 mA in full-pow-
er mode, 50 �A in low-power mode, 
and 2 �A in shutdown mode. On-chip 
sensitivity algorithms compensate for 
changes in temperature and humidity. 
The AD7147 includes an SPI-compat-
ible serial interface, and the AD7147-1 
features an I2C-compatible serial inter-
face. Available in a 4�4-mm LFCSP-
24 package, the AD7147 converter costs 
$1.30 (1000).
Analog Devices, www.analog.com

Micropower Hall-effect 
switch has low power 
consumption

Using CMOS technology allows 
the MLX90248 Omnipolar Micro-

power Hall-effect-switch family to de-
liver a noncontact magnetic switch with 
microwatt power consumption. Suiting 
use in flip, slide, and clamshell portable 
handsets, as well as in PDAs and per-
sonal-entertainment devices, the switch 
detects the opening action, features high 
magnetic sensitivity, and integrates an 
on-chip advanced dynamic-offset-can-
cellation technique. The Omnipolar 

�

�
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Order 24 hours a day, 7 days a week

www.Jameco.com
Or call 800-831-4242 anytime

©Jameco Electronics.    *According to the line cards on their web sites on August 28, 2007. Trademarks are the property of their respective owners.

OTHER JAMECO ADVANTAGES:  
� More major brands of semis than any other catalog.
� 99% of catalog products ship the same day. 
� Lowest prices guaranteed, or we pay 10%.
� Major brand names and generic equivalents 

for even greater cost savings.

5

10

15

20

We’re passive aggressive
When it comes to passive products, we don’t pull any
punches: we stock more major brands of passive 
components than any other major catalog distributor.*
So whatever brands you need— from AMP or AVX to

Vishay or Wakefield— you’re more likely to find them all
at Jameco. Check our “stats” below and see for yourself.
It’s another Jameco advantage.

Jameco® Digi-Key® Mouser® Newark®

AMP AMP AMP AMP
Astec Power Astec Power Astec Power Astec Power
Augat AVX AVX AVX
AVX Bourns Bourns Bourns
Bourns Cherry Cherry Cherry
Cherry Corcom Condor Power Corcom
Condor Power CTS Corcom Elco Connector
Corcom Elco Connector Elco Connector Grayhill
CTS Fox Electronics Fox Electronics Int’l Rectifier
Elco Connector Grayhill Int’l Rectifier Kemet
Fox Electronics Int’l Rectifier Kemet Molex
Grayhill Kemet Molex Osram
Int’l Rectifier Molex Panasonic Panasonic
Kemet Osram Potter & Brumfield Potter & Brumfield
Molex Panasonic Teledyne Relays Vishay
Osram Potter & Brumfield Vishay Wakefield
Panasonic Power-One Wakefield
Potter & Brumfield Vishay
Power-One Wakefield
Teledyne Relays
Vishay
Wakefield

Free shipping on these
and 83 other major brands.
Call for details.
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Automotive Relays

Panasonic Electric Works
Corporation of America
Call: 800-276-6289
(in Canada, call 905-858-6830)
www.pewa.panasonic.com/pcsd
info@us.pewg.panasonic.com

Type
CB Relay
Mini ISO CM Relay

Micro ISO
CV Relay

Micro ISO / 280 Micro
250 Terminal 375 Terminal

Contact Arrangement 1a, 1c 1a 1a, 1c 1a, 1c

Maximum
Switching Load

N/O:  40A 14V DC
N/C:  30A 14V DC N/O:  70A 14V DC N/O:  35A 14V DC

N/C:  20A 14V DC
N/O:  20A 14V DC
N/C:  10A 14V DC

Coil Power
Consumption 1.4 W 1.8 W 1.5 W 0.8 W

Environmental Protection IP 54 & IP 67 IP 54 & IP 67 IP 67

Tough Conditions require Tough Relays.

Panasonic automotive relays

have a proprietary sealing 

technology, ideal for harsh

environments where

resistance to moisture

and contamination is

essential.  Panasonic

relays (formerly Aromat)

are used extensively in

automotive, construction,

agricultural, recreational and

other vehicle applications.

• Sealed Relays for moisture resistance

• Mini-ISO, Micro-ISO, 
280 Micro, JIS and

PCB types 

• Through hole and
SMT packaging

• Industry footprint

• High capacity types
for hybrids, fuel cells

and 42V systems

• Wide operating temperature

Panasonic automotive relays are available from these authorized distributors:

Allied Electronics  •  Arrow Electronics  •  Avnet Electronics Marketing
Brill Electronics  •  Digi-Key  •  Electrosonic (Canada)  •  Future Electronics

Master Distributors  •  NEDCO Electronics  •  Newark InOne  •  Relay Specialties
Simcona Electronics of Canada  •  TTI Inc.  •  Utech Electronics (Canada)  
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This advertising is for new 
and current products.

     

www.PelicanOEM.com 
Log on or call 800.473.5422 to re-
ceive a free OEM Solutions Kit. It 
includes foam samples, CAD fi les, 
and all the information you need to 
learn how you can install and pro-
tect your equipment in a Pelican 
Protector™ Case.
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scope
CHART YOUR COURSE

LOOKING AHEAD

For more than half a century, the place to find out 
about the next generation of electronic-circuit 
elements, from the FET to the latest in quantum-
dot technology or alternative nonvolatile memory, 
has been IEDM (International Electron Devices 
Meeting, www.his.com/~iedm/). This year’s edi-
tion, from Dec 10 through 12 in Washington, will 
headline an in-depth discussion of high-k/metal-
gate transistors for 45-nm processes, including 
Intel’s (www.intel.com) first detailed public descrip-
tion of its apparently industry-leading process. 
TSMC (Taiwan Semiconductor Manufacturing 
Co, www.tsmc.com) will counter with a descrip-
tion of its 32-nm CMOS-foundry process, which 
includes the first 2-Mbit SRAM test chip. And 
STMicroelectronics (www.st.com) will describe a 
process that allows local use of fully depleted sili-
con-on-insulator technology within a bulk-CMOS 
die. In keeping with the growing concern over low 
power and the environment, a novel session on 
emerging technologies will feature energy-har-
vesting devices. The conference is an invaluable 
window into the near future of electronics.

A super-high-speed memory device, which 
responds in a hundred-millionth of a second, 
utilizes a miniature printed circuit of metallic 
lead at temperatures close to absolute zero 
(�459.7F). International Business Machines 
developed the unit based on the unusual 
properties of special superconducting materi-
als. Even after developers remove the energy 
source, current continues to flow in the circuit 
without diminution. The device requires only 
one-third the current needed to drive conven-
tional ferrite memory units, while providing an 
increase in speed of about 100 times.

—Electrical Design News, October 1957

Before SOCs (systems on chips), software was not a hardware engineer’s problem. Then, 
along came chips with microprocessors on them, and it was suddenly hardware engineer-
ing’s responsibility to make sure that code executed on the silicon. Making sure the code 
was correct to begin with was still somebody else’s problem. But now, with the differen-
tiation in end systems increasingly coming from—often hardware-dependent—software, 
both teams share the responsibility for getting the code right. We are seeing rapid devel-
opment in hardware features that assist in software debugging, from debugging engines 
embedded in processor cores to specialized logic analyzers within the SOCs.

AT THE CONTINUING SEARCH 
FOR ALTERNATIVE MEMORY 
TECHNOLOGIES

LOOKING BACK

LOOKING AROUND

AT HARDWARE’S GROWING ROLE IN SOFTWARE DEBUGGING

EDITED BY RON WILSON

TO THE INTERNATIONAL 
ELECTRON DEVICES MEETING
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© 2007. Samsung is a trademark of Samsung Electronics Company, Ltd. All other trademarks are the property of their respective owners.

Samsung Memory and Windows Vista… 
performance worth celebrating
Windows Vista represents a new era in computing. To take full advantage of all the new operating 

system features, Samsung offers the key hardware components your PC will need. Our full range of 

DRAM, fl ash memory devices, graphics memory, and hybrid hard drives, makes Samsung the fi rst stop 

for Vista-optimizing hardware. Sourcing your parts from Samsung means you’re getting quality products 

from one of the industry’s most trusted brands. Learn more about our Vista-enhancing components at: 

www.samsung.com/semi/vista 
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Cypress, the Cypress logo and PSoC are registered trademarks, and Programmable System-on-Chip, PSoC Express, and FirstTouch are trademarks of Cypress Semiconductor Corporation.
All other trademarks are properties of their respective owners. ©2007 Cypress Semiconductor Corporation. All rights reserved. *Does not include any applicable sales tax, shipping and handling costs. CPFAP001E 

Get Your Ticket to the Ultimate Embedded Design Starter Kit.
Fixed-function microcontrollers had their share of the spotlight. It’s time for a revolutionary—and simplified—approach to 

embedded application development. Get a Cypress PSoC® FirstTouch™ Starter Kit now and discover how much PSoC 

mixed-signal arrays—powerful, programmable analog and digital blocks, embedded memory and a fast MCU—shorten 

your time-to-market. This kit includes the easy-to-use PSoC Express™ visual embedded system design tool, and gives you 

embedded designs you can evaluate right out of the box. Get yours and step into the spotlight today.

Buy your PSoC FirstTouch Ultimate Starter Kit now at:

www.cypress.com/go/FirstTouch

It’s showtime.

Includes four ready-to-use mixed-signal 
applications on a single platform.TEMPERATURE

 SENSING
CAPSENSE TOUCH

SENSING LIGHT SENSING

CAPSENSE
PROXIMITY

SENSING

Buy Now
$29.95*
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