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A �48V hot-swap-
controller design 
targets high-power 
blades

57Designing circuits that 
allow safe removal and 
replacement of high-

power plug-in blades in modern 
computing and communication 
systems is not a trivial exercise—
especially when the system specs 
dictate that the other boards in 
the enclosure must continue to 
perform flawlessly during a board 
swap. Low-cost, programmable-
hot-swap-controller ICs greatly 
facilitate such designs, however. 

by Shyam Chandra, 
Lattice Semiconductor

Portable power: 
features abound, 
thanks to new battery 
chemistries

46Just two years ago, 
lithium-ion cells may 
not have met your 

system’s power requirements. 
But take another look; you might 
be pleasantly surprised by what’s 
available now.  by Margery Conner,  
     Technical Editor
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Homeland security: monitoring and 
manipulating remote residences

33Interested in controlling a computer down the street or half-
way around the world? How about switching an appliance’s 
power, dimming the lights, or adjusting ambient temperature, 

along with attaining some audio-visual feedback on a property’s status? 
It’s all possible, albeit not without glitches. 

by Brian Dipert, Senior Technical Editor
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IMEC research explores 
the chip/cell interface 
A continuing research program at the 
IMEC (Interuniversity Microelectronics 
Center) in Leuven, Belgium, is exploring 
the unknown land at the intersection 
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How does your salary stack up?
EDN recently completed a study of salaries 
and career trends among engineers. Our 
2007 Salary Survey looks at salaries, job 
responsibilities, career satisfaction, essen-
tial skills, and the outlook for the profes-
sion around the world. Find out how much 
engineers make in your region and abroad, 
how engineering salaries are increasing, 
how many hours engineers are working, 
whether their companies are outsourcing 
(and where to), and much more.
➔www.edn.com/salarysurvey

The salary survey was part of EDN’s 2007 
Global Report. Read more on the survey in 
Editorial Director Maury Wright’s article: 
Globally, engineers share similar 
gratification and concern
➔www.edn.com/article/CA6495294
Read the rest of the Global Report:
➔www.edn.com/global
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More design challenges going green
From Supply Chain Reaction, 
by Suzanne Deffree
Underscoring the “green” trend in the 
electronics-supply chain, companies 
such as Freescale Semiconductor and 
Newark are hosting design challenges 
targeting green electronics.
➔www.edn.com/071122toc7

Selecting op amps
Selecting operational amplifiers can be as 
complicated as the specifications for these 
parts. By understanding the basics, know-
ing your application, and using stand-alone 
and online tools, you can make the right 
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➔www.edn.com/article/CA6491141

Use a TL431 shunt regulator 
to limit high ac input voltage
➔www.edn.com/article/CA6491143

Samsung intros 64-Gbit 
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➔www.edn.com/article/CA6493619
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➔www.edn.com/article/CA6491161

Perusing a universal remote
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But the Mechatronics Expo, which we 
co-hosted last month in Burlington, 
MA, revealed some interesting ideas 
on modeling electromechanical sys-
tems. EDN and its sister publications 
comprehensively cover the mecha-
tronics arena; that coverage led to our 
partnership on the Web site and the 
Mechatronics Expo. (See “Mechatron-
ics Expo helps define the field, inte-
grate engineering disciplines” at www.
controleng.com/article/CA6490445 
for a summary of the presentations 
from the expo.)

“Mechatronics” is not a new term; 
its usage dates back at least 25 years. 
Search the Web, and you will find 
many definitions. Basically, mecha-
tronics combines electronic engineer-
ing, mechanical engineering, and com-
puter science. A growing number of 
universities, including Rensselaer Poly-
technic Institute (www.rpi.edu) and 
the University of California—Berke-
ley (www.berkeley.edu) offer degrees 
in mechatronics, generally within their 
mechanical-engineering departments.

To me, the idea of modeling a com-
plete electronic and mechanical sys-
tem was by far the most interesting 
concept the expo presented. In the 

electronics arena, we are comfortable 
using modeling and simulation tools. 
There are fewer such tools in the me-
chanical arena, although tools such as 
SolidWorks (www.solidworks.com) do 
support modeling of mechanical sys-
tems. Today, however, no currently 
available tools allow you to model both 
the electronic and the mechanical sys-
tems and allow them to interoperate 
during development. Such an electro-
mechanical-modeling and -simulation 
environment would speed product de-
velopment by allowing work to pro-
ceed simultaneously in both domains 
and by allowing designers to catch 
problems early in the design cycle.

National Instruments (www.ni.com) 
has been among the most ardent pro-
moters of an environment in which you 
jointly model and simulate an electro-
mechanical system. At this year’s Na-
tional Instruments Week conference 
(www.ni.com/niweek), which took 
place in Austin, TX, in August, the 
company presented a demonstration 
of a SolidWorks model working with 
a control system that NI developed in 
LabView. It was a compelling demo 
but a long way from having broad ap-
plicability.

Our Mechatronics Expo revealed 
the obstacles to mechatronics mod-
eling and simulation. The electronics 
domain has modeling and simulation 
standards and technologies galore. 
No analog-component vendor would 
release a product without offering a 
SPICE model. Those models are one 
piece in a large stack of technologies 
that allows electronics engineers to 
model complete electronic systems.

The mechanical domain, how-
ever, lacks a foundation for model-
ing. There are no standards, such as 
SPICE, for modeling baseline compo-
nents, such as sensors and actuators. 
So, is there life in a vision of a new ap-
proach to mechatronics-system design 
with modeling and simulation? Or is 
the mechatronics trend at the univer-
sity level just an indication that more 
and more from the mechanical do-
main has moved into the electrical do-
main? Mechanical engineers can now 
take advantage of complex electronic 
devices, such as microcontrollers and 
FPGAs, because the software tools 
have become so easy to use.

I’m struggling with the mechatron-
ics trend. I see possibilities in model-
ing and simulation. But that vision 
will require the creation of standards 
for models. It will require data-in-
terface standards that allow software 
tools from different domains to inter-
operate. The electronics industry has 
been working on the electronics side 
of the issue in the EDA arena for more 
than 25 years, and the EDA world is 
far from perfect. Integrating electron-
ics and mechanics in the modeling 
domain will be a stiff challenge.

I’d like to know what you think 
about mechatronics. Do you consid-
er yourself a mechatronics engineer? 
Along with the Web version of this 
column at www.edn.com/071122ed1, 
we are hosting a brief survey on me-
chatronics. Please take a few minutes 
to respond.EDN

Contact me at mgwright@edn.com.

BY MAURY WRIGHT, EDITORIAL DIRECTOR

Mechatronics vision requires 
data standards and interfaces

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

 T
his year, EDN, along with sister publications Design News 
and Control Engineering, launched the Mechatronics Zone 
Web site (www.designnews.com/mechatronicszone). As you 
all know, engineers have long integrated electronic-control 
systems with mechanical sensors and actuators to create 
products that span a wide range—from factory automation 

to toys. Of late, however, more and more people, ranging from academ-
ics to chip and software vendors, are talking about mechatronics as a 
distinct engineering discipline. I’m not sure that I buy that distinction. 
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 Application Note AN-1745

 ANALOG  edgeSM

Powering FPGAs Using LM201xx PowerWise® 
Synchronous Buck Regulators

P. Ranucci, Design Engineer

Th e LM201xx PowerWise® synchronous buck regulators 
are full-featured products, capable of delivering up to 5A 
of continuous output current. Th e devices in the family 
operate from input voltages between 2.95V and 5.5V and 
convert down to outputs as low as 0.8V. Th e integrated 
low RDSon FETs enable a very effi  cient power supply 
solution for the multiple rails required to power a FPGA. 
All of the devices are current-mode controlled providing 
excellent line regulation and load transient response, and 
require only two external components for compensation. 
Th ey feature precision enable, soft-start, tracking, UVLO, 
OVP, over-temp protection, and PGOOD. Th e soft-start 
pin can be used with a capacitor to control start-up inrush 
current or with an external voltage source to track or 
sequence multiple supplies. All devices can start into a 
pre-biased output without discharging it, and they have a 
diode emulation mode for higher effi  ciency at light loads. 
Th e devices are diff erentiated by output current capability 
(3A, 4A, and 5A), frequency (500 kHz, 1 MHz, and 
1.5 MHz), and synchronization mode (free-running, 
sync-in, sync-out, and external resistor adjust). Based on 
the supply requirements of the FPGA design, an appro-
priate combination of devices can combine to create a 
small, effi  cient, and complete solution. 

FPGA Power Supply Requirements

Th ere are several high performance FPGAs currently on 
the market such as the Xilinx Virtex and Spartan series, 
and the Altera Cyclone and Stratix series. All of these 
require multiple power rails including the FPGA core, the 
I/O, as well as additional rails for powering clocks, PLLs, 
transceivers, and other circuitry. Th e core voltage in FPGAs 
can currently be as low as 0.9V with the current demand 
for this rail being highly dependent on the utilization of 
the FPGA. FPGA manufacturers off er power estimation 
software which assists users in identifying their power 
needs based on the performance requirements of the 
design. Th e I/O rail can also have demanding power needs 
depending on the number of I/O registers employed in the 
FPGA design. Most of the latest generation FPGAs have 
internal POR circuitry which can eliminate the need for 
power rail sequencing. Select FPGAs specify input inrush 
currents for particular power-up sequences and others 
require sequencing rails to avoid start-up or latch-up prob-
lems. Start-up time requirements for FPGA rails are varied 
ranging from 100-200 us at the fastest and 50-100 ms at 
the slowest.

Example FPGA Power Supply Design

Figure 1. Example FPGA Power Design

For the purposes of illustration, an example FPGA power 
supply design is shown in block diagram form in Figure 1. 
Th is design features a LM20145 supplying a core voltage 
of 1.1V capable of delivering up to 5A, a LM20154 supply-
ing an I/O voltage arbitrarily chosen as 1.8V capable of 
delivering up to 4A, and a LM20133 supplying an auxiliary 
rail of 2.5V at 3A. Output voltage rails can regulate within 
1.5% over temp and are also easily scaled by a resistor 
divider between the output and the FB pin. All of the 
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devices are packaged in a slim exposed pad 
TSSOP-16 package enabling a compact 
power supply design. Additionally, they are 
pin-to-pin compatible so output current 
capability can be easily scaled to the FPGA 
design’s power requirements simply by 
choosing diff erent devices in the family. 

Design Features

One of the features highlighted in this design 
is the many useful frequency synchroniza-
tion options available. Th e LM20145 has a 
resistor adjustable frequency which can 
be tuned to keep switching noise within a 
particular spectrum. Th e LM20133 is a 
sync-in part which can be synchronized to 
an external clock signal to achieve the same 
eff ect. In this case the LM20133 is synchro-
nized to the sync-out signal coming from 
the LM20154 which has the added benefi t 
of synchronizing the two parts 180° out of 
phase. Th is reduces input ripple current on 
the input power supply and can thus reduce 
the input capacitor requirements. Figure 2 
shows an example of input ripple current 
reduction using out of phase converters. 

Ch1: iCin (2A/div), Ref2: iCin (2A/div), 

Time scale: 200ns/div

Figure 2. Input Capacitor Current Comparison of 

LM20134/LM20154 (out of phase) and LM20154/

LM20154 (in phase) based Buck Regulators

All of the devices have fl exible sequencing 
options as shown in Figure 3. In the example 
design, the LM20145 is “tracked” off  of the 
I/O rail by using the SS pin with a resistive 
voltage divider. Th is type of sequencing, 
known as simultaneous sequencing, allows 
the voltage diff erence between the two rails 

to be minimized which can eliminate para-
sitic conduction paths between the two rails. 
Th e precision EN pin on the LM20133 
allows it to be sequentially sequenced by the 
LM20154 using a voltage divider from the 
I/O rail. Another method for sequencing 
involves attaching the PGOOD pin of one 
part to the EN pin of another. In that case 
the second part will enable when the output 
of the fi rst has reached 94% (typ) of its fi nal 
value.

Conclusion

Th e LM201xx family off ers a full range 
of features and options enabling a FPGA 
designer to fully customize their power 
solution to meet the system application 
needs. Full details of the many options and 
useful features of the entire LM201xx family 
can be found in the product datasheets at 
www.national.com/switcher.

 National Semiconductor

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

Mailing Address:

PO Box 58090
Santa Clara, CA 95052

 © National Semiconductor Corporation, 2007. National Semiconductor,      and PowerWise are registered trademarks and Analog Edge is a service 

mark of National Semiconductor Corporation. All other brand or product names are trademarks or registered trademarks of their respective holders.
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Targeting military-embedded-system 
applications, such as mission-man-
agement computers, heads-up-dis-

play controllers, radar-signal processors, 
and IED (improvised-explosive-device) 
vehicle-protection subsystems, Aitech De-
fense Systems recently announced the 
C108 single-board computer. The rug-
ged, 6U, single-slot VME computer offers 
as much as 1.4 GHz of processing pow-
er through the G4� PowerPC MPC7448 
processor, along with multiple memory op-
tions for design fl exibility. In addition to the 
1 Gbyte of onboard SDRAM, the C108 
features 128 Mbytes of fl ash memory 
for user-application storage, 32 Mbytes 
of boot-fl ash memory, and as much as 4 
Gbytes of high-density fl ash memory for 
mass data storage.

The C108 supports new and legacy 
systems through a host of I/O interfaces, 

including a GbE (Gigabit Ethernet) port, 
two Fast Ethernet ports, two dual-redun-
dant military-standard-1533B interfaces, 
two USB ports, eight serial ports, 16 dis-
crete I/O channels, and an optically iso-
lated CAN (controller-area-network)-bus 
2.0B interface. Two PMC (PCI-mezza-

nine-card) expansion slots accept stan-
dardized plug-ins to increase the board’s 
performance. The C108 also features two 
independent PCI buses to maximize PCI-
bus usage and to enable various confi gu-
rations. The fi rst bus can operate at 33 or 
66 MHz, and the second operates only at 
33 MHz to help separate fast and slow 
devices and enable each to operate at its 
maximum speed. Both buses support 64-
bit operation and fully comply with PCI 
Revision 2.2. A board-support package 
for the new C108 is available for Wind 
River’s (www.windriver.com) VxWorks and 
Green Hills Software’s (www.ghs.com) In-
tegrity, and other real-time operating sys-
tems are available upon request. Prices 
for the C108 start at $6640.

—by Warren Webb
�Aitech Defense Systems Inc, www.
rugged.com.

Inclinometers, which are spe-
cialized versions of acceler-
ometers, indicate deviation 
from the vertical by sensing 
the downward G force. Some 
consumer-game controllers 
have used versions selling for 
approximately $3, but industri-
al applications require a high-
er level of accuracy as well as 
ease of calibration that lower-
cost consumer-grade devices 
can’t provide. Targeting the 
industrial market, Analog De-

vices has introduced the pro-
grammable, dual-mode—that 
is, vertically or horizontally 
mounted—MEMS (microelec-
tromechanical-system)-based 
ADIS16209 inclinometer, 
which can measure dual-ax-
is tilt with less than 0.1� er-
ror across a �30� range in 
a horizontally mounted setup. 
The sensor data is available 
through an industry-standard 
serial-peripheral-interface 
port and includes inclination 

with 0.025� resolution, accel-
eration with 0.244-mg resolu-
tion, and temperature. The de-
vice also has a 12-bit auxiliary 
ADC input and a DAC output.

Typical industrial applica-
tions for inclinometers include 
surveying equipment, satellite-
antenna-stabilization systems, 
automotive-wheel alignment, 
and autonomously piloted farm 
equipment. 

The device sells for $34.40 
(1000) in a 9.2�9.2�3.9-mm, 

laminate-based LGA package.
—by Margery Conner

�Analog Devices, www.
analog.com.

Embedded computer aids military missions

EDITED BY FRAN GRANVILLE

MEMS-based inclinometer brings accuracy, 
ease of calibration to industrial applications

The programmable, dual-mode, 
MEMS-based ADIS16209 in-
clinometer measures dual-axis 
tilt with less than 0.1� error 
across a �30� range.

INNOVATIONS & INNOVATORS

Aitech’s new rugged, 6U C108 VME sin-
gle-board computer offers military design-
ers 1.4-GHz processing power, optional 
PCI-bus architectures, and multiple I/O 
interfaces.
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Keithley Instruments has 
announced a new CV 
(capacitance/voltage)-

measurement-instrument mod-
ule for its model 4200-SCS 
(semiconductor-characteriza-
tion system). The 4200-CVU 
module plugs into the 4200-
SCS and allows measurement 
of capacitance from femtofar-
ads to nanofarads at frequen-
cies of 10 kHz to 10 MHz. The 
design, for which eight patents 
are pending, enables point-
and-click setup, permits simple 
cabling, and features built-in 
element models and an ex-
tensive set of test libraries that 
eliminate guesswork. Accord-
ing to the company, the module 
enables users at all experience 
levels to perform these tests as 
easily as experts can.

To further improve testing 
effi ciency, the 4200-LS-LC-
12, a special switch matrix and 
card with cables and adapters, 
enables tightly integrated CV 
and IV (current/voltage) test-
ing with a single prober touch-
down. An optional kit allows 
easy connection to the most 
widely used probers, making 
the setup and execution of 
comprehensive CV tests as 
easy as those of IV tests.

According to a company 
spokesperson, the 4200-CVU 
and optional modules solve 
the problems of other char-

acterization systems that ei-
ther lack integrated CV and IV 
testing and pulse capabilities 
or offer limited support in their 
user interfaces and software li-
braries. Moreover, the system’s 
capable test-execution engine 
simplifies combining IV, CV, 
and pulse tests in the same 
test sequence, enabling the 
4200-SCS to replace a variety 
of electrical test tools. Never-
theless, the system will con-
tinue to support CV, IV, pulse, 
and other test methodologies 
through several third-party in-
struments. Together with its 
compactness, these charac-
teristics suit the system to ma-
terials and device research, 
development of semiconduc-
tor technology and processes, 
and reliability evaluation.

According to Keithley, many 

instrument manufacturers pro-
duce products that are incom-
patible with each other; an-
nouncements of new products, 
therefore, often signal the end 
of previous offerings—leaving 
earlier investments unprotect-
ed. Keithley’s policy of continu-
ing hardware and software up-
grades means that you can ret-
rofi t the 4200-CVU, along with 
all associated software and op-
tional hardware, into all the pre-
vious 4200-SCS models. This 
scenario eliminates the need to 
buy a new parametric analyzer 
every few years to accommo-
date innovations in device and 
materials technology. Cost-ef-
fective upgrades enable cur-
rent systems to keep pace with 
evolving test needs, so capital 
investments in the 4200-SCS 
stretch further than do invest-
ments in competing products.  
These upgrades also minimize 
expenditures for external hard-
ware and test-program devel-
opment.

US prices for the model 
4200-CVU module, 4200-LS-
LC-12 kit, 4200-prober kit, and 
4200-CVU-upgrade (hard-
ware and software for an exist-
ing 4200-SCS) are $13,000, 
$7270, $2000, and $15,500, 
respectively.

—by Dan Strassberg
�Keithley Instruments, 
www.keithley.com.
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Semiconductor-characterization system 
eases capacitance/voltage testing

With the addition of a 4200-
CVU module, this 4200-SCS 
(semiconductor-characteriza-
tion system) performs CV 
tests as easily as it performs 
IV tests. Moreover, an upgrade 
package can adapt even the 
earliest version of the 4200-
SCS to the 4200-CVU.

DILBERT By Scott Adams 

With applications requiring 
multiple analog waveforms 
or accurate switched stim-
uli in mind, UEI (United 
Electronic Industries) 
recently released the DNA-
AO-332 with 32 channels 
of 16-bit-resolution analog 
output covering a �10V 
range. A 1024-sample 
FIFO on each channel 
allows 10-kHz updating 
of each DAC without 
data loss. You can also 
set all outputs to update 
simultaneously. The board 
can drive �10 mA, and 
per-channel digital offset 
and gain calibration limit 
gain and offset errors 
to �450 and �305 �V, 
respectively.

The DNA-AO-332 
provides as many as 
192 analog outputs in a 
4�4�5.8-in. form fac-
tor. Software for the 
DNA-AO-332 provides an 
application-programming 
interface compatible with 
Windows, Linux, and most 
other real-time operat-
ing systems. The board 
also supports LabView, 
Matlab/Simulink, and 
DasyLab. The DNA-AO-
332 sells for $2400.—by 
Warren Webb
�UEI, www.ueidaq.com.

ANALOG-OUTPUT 
BOARD PACKS IN 
32 CHANNELS

The DNA-AO-332 32-chan-
nel, 16-bit, analog-output 
board boosts the signal 
density for the vendor’s cube 
architecture.

11
.2

2.
07

edn071102pulse_id   20edn071102pulse_id   20 11/7/2007   11:06:59 AM11/7/2007   11:06:59 AM



The 4-channel ADS1274 and 8-channel ADS1278  ADCs from Texas Instruments combine outstanding DC accuracy 
and AC performance with cost-effective integration to provide a 24-bit, simultaneous sampling measurement system 
for demanding signal acquisition applications. Additionally, 16-bit versions (ADS1174 and ADS1178) are available in 
pin-compatible packages, providing designers with a complete family of simultaneous sampling solutions.

 Device Resolution
Input

Channels
SNR
(dB)

INL
(%) Price (1k)*

  ADS1278 24-bit 8 111dB ±0.0003 $23.95

  ADS1274 24-bit 4 111dB ±0.0003 $13.95

  ADS1178 16-bit 8 97dB ±0.0008 $15.95

  ADS1174 16-bit 4 97dB ±0.0008 $9.95

For evaluation modules, datasheets 
and samples, visit >>
www.ti.com/ads1274
800.477.8924 ext. 4136

Applications
– Vibration/modal analysis
– Multi-channel data acquisition
– Medical monitoring
– Acoustics/dynamic strain gauges

Features
– AC performance

– DC accuracy

– Selectable operating modes

* Suggested resale price in U.S. dollars in quantities of 1,000.

High-Performance Analog >> Your Way, Technology for Innovators and the red/black banner are trademarks of Texas Instruments. 1943A0  © 2007 TI  

   24-bit Simultaneous Sampling
4- and 8-Channel, 128kSPS, Industrial ADCs
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With Mentor Graphics’ 
(www.mentor.com) 
acquisition this year 

of Sierra Design, IC-design 
groups have more choices than 
ever when it comes to shop-
ping for IC place-and-route 
tools. Now, start-up Pyxis Tech-
nology has introduced its com-
mercial place-and-route sys-
tem, making the selection even 
larger and the choice more dif-
fi cult. The NexusRoute hybrid 
grid- and shape-based router 
tightly couples to foundry data. 
The company also announced 
NexusYield design services to 
help its customers route blocks 
and chips. 

In preparation for the 45-
nm node, the “big four” EDA 
companies—Cadence Design 
Systems (www.cadence.com), 
Synopsys Inc (www.synopsys.
com), Mentor Graphics, and 
Magma Design Automation 
(www.magma-da.com)—have 
been diligently adding DFM 
(design-for-manufacturing) 
tools to their tool lineups and 
integrating DFM awareness in-
to their place-and-route fl ows. 
Pyxis offi cials believe that its 
new offering will give users an 
edge over the competition be-
cause the company built the 
router from the ground up to 
incorporate manufacturing da-
ta into the routing process. “We 
are trying to address yield and 
manufacturability issues,” says 
Phil Bishop, Pyxis’ chief exec-
utive offi cer. “There are three 
major components of yield: 
random defects affecting ran-
dom yield; printability issues 
affecting systematic yield; and 
copper dishing, or CMP [chem-
ical-mechanical polishing] af-
fecting parametric yield. More 
and more, we’re seeing yield 
become design-dependent.”

Most vendors endorse an it-

erative fl ow, in which users per-
form placement and routing, 
runtime analysis, and signal-in-
tegrity analysis. They then per-
form a postroute optimization; 
run DFM analysis, typically in-
cluding yield, lithography, and 
CMP; and then run physical 
verifi cation. This fl ow typically 
requires users to run multiple 
iterations among the various 
tools before they complete a 
design, which takes time and 
money. After they complete 
the chip design, they send it to 
the foundry, which may discov-
er further problems that may 
require changes in the design 
step or even require new and 
expensive mask sets.

To address these problems, 
NexusRoute consolidates rout-
ing, timing analysis, signal-in-
tegrity analysis, postroute opti-
mization, and DFM analysis into 
a single-pass fl ow. Pyxis claims 
that the tool provides a fourfold 
reduction in the design-and-
manufacturing cycle. “We have 
zeroed in on a new approach, 
tightly linking manufacturing 
with design, to achieve manu-
facturing closure,” says Bish-
op. “Within the database and 
the tool, we are looking at the 
routability, the throughput of 
the core-based routing, timing 
closure, and signal integrity. We 
are also looking at manufactur-

ing effects, such as spreading 
wires, fattening wires, and pro-
tecting vias with secondary 
shapes or redundant vias. All of 
these approaches are attempts 
at removing yield detractors.”

The tool allows users to in-
stantly see what effects their 
designs will encounter in the 
random-, systematic-, and 
parametric-yield domains. The 
company integrated 34 DFM 
rules into the router to drive 
functions such as wire widen-
ing and spreading; jog elimina-
tion; 3-D-wire balancing; metal 
and via fi ll; lithography-pattern 
elimination, including necking 
and bridging; via minimization; 
and via protection through the 
use of double cuts and extra 
shapes. Pyxis’ DFM-analysis 
partner, PDF Solutions (www.
pdf.com), provided much of 
the data on random and sys-
tematic yield for the rules run-
ning on the Pyxis tool, and 
Brion-ASML (www.asml.com) 
provided data on photolithog-
raphy analysis. The company 
also worked closely with Ponte 
Solutions (www.ponte.com) for 
analyzing random-yield effects. 
NexusRoute reads PDF Solu-
tions’ yield-ramp-fail-rate-data 
PDFx models. “We’re not just 
improving yield; we’re measur-
ing it and trying to give feed-
back on exactly what the router 

has done to incrementally im-
prove the yield,” says Bishop.

The PDFx data is especial-
ly effective in the router if the 
customer is targeting a foundry 
for which PDF Solutions has 
done characterization servic-
es. If customers are targeting 
a different foundry process, 
however, they can use general-
ized PDFx models of a process 
node. The tool also reads the 
standard physical-design for-
mats, such as LEF (library-ex-
change format), DEF (design-
exchange format), .lib/Liberty, 
and SPEF (standard parasitic-
exchange format) to interface 
with other vendors’ fl ows. The 
company is also a member of 
OpenAccess (www.si2.org) for 
interoperability with third-party 
vendors and has Silicon Can-
vas (www.sicanvas.com), the 
provider of the Laker analog 
and full-custom-layout tool, as 
a partner.

Primarily a gridded router, 
the tool is shape-aware, which 
is important for routing at 
nodes smaller than 65 nm be-
cause designers must perform 
DRC (design-rules checking) 
while routing. The multithread-
ed tool also supports distrib-
uted processing to speed 
runtimes, which is especially 
useful during detailed routing, 
when the computationally in-
tensive shape-based features 
are necessary. The company 
claims that, in benchmark tests, 
NexusRoute achieved a 5.1 to 
11.1% better yield on 90-nm 
designs and 6.8 to 7.5% bet-
ter yield on 65-nm designs 
than the major competitors in 
the IC-routing market. Nexus-
Route sells for $400,000 for a 
single-year subscription.

—by Michael Santarini
�Pyxis Technology, www.
pyxistech.com.
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EDA start-up Pyxis unveils yield-driven IC router

“We must open our borders to quali-
fied, skilled engineers willing to work in 
this country. We are training them here 
at our world-class institutions of higher 
learning but allow that training to 
leave when we force them to go. The 
short-term effect of this [situation] is a 
downward pressure on highly skilled 
engineers’ and scientists’ wages.”
—Engineer John Weber, in EDN’s Feedback Loop, at www.edn.
com/article/CA6491148. Add your comments.

 FEEDBACK LOOP
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Texas Instruments has a portfolio of CAN transceivers that will meet your standards and exceed your expectations 
regardless of your design concerns – ESD, power consumption, EMI immunity or bus leakage. Our 3-V and 5-V
transceivers are drop-in upgrades for new or existing designs with capabilities like autobaud loopback, sleep-mode 
standby and bus monitoring w/remote wake-up. 

For samples, simulation 
models and reference 
design demo, visit >>
www.ti.com/cantransceivers   
800.477.8924, ext 14006

Applications
– Industrial automation
– Low-power battery applications 
– DeviceNet, CANopen, Safety BUS 
– SAE J1939 truck, bus, construction interface 
– NMEA 2000 and SeaTalk2 Marine interface
– ISOBUS ISO11783 agricultural interface

Features
– Industry-leading ESD on bus pins delivers 

reliability in harsh environments 
– 5µA standby mode w/remote wake-up for battery 

applications or nodes that can be powered down
– Autobaud loopback function allows glitch-free 

insertion into a live bus with an unknown baud rate

High-Performance Analog >> Your Way, Technology for Innovators and the red/black banner are trademarks of Texas Instruments. 1900A0  © 2007 TI  

CAN Transceivers
Versatile, Low-Power, 3-V and 5-V Solutions

Device

I/O and 
VCC

Levels  (V)

Short-Circuit
Protection

(V)
ESD
(kV)

Supply 
Current

(mA)

Stand-By
Current

(µA) Features

SN65HVD230 3 –4 to +16 16 17 370 Low-Power Standby

SN65HVD231 3 –4 to +16 16 17 0.04 Sleep Ultra-Low-Power Sleep

SN65HVD232 3 –4 to +16 16 17 NA Economical

SN65HVD233 3 –36 to +36 16 6 200 Standby, Diagnostic Loopback

SN65HVD234 3 –36 to +36 16 6 200/0.05 Sleep Standby, Ultra-Low-Power Sleep

SN65HVD235 3 –36 to +36 16 6 200 Autobaud Loopback; Standby

SN65HVD251 5 –36 to +36 14 14 <275 Low-Power Standby

SN65HVD1040 5 –27 to +40 12 10 5 Low-Power Standby with Bus 
Wake-Up, Dominant Time-Out 

SN65HVD1050 5 –27 to +40 8 6 NA Listen-Only Mode, Dominant Time-Out 

200

150

100

50

0

Power (mW)

3.3-V CAN 
Transceiver

5-V CAN 
Transceiver

155mW

56.1mW

CAN Transceivers

Parts shown in red are newly released
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Keithley Instruments 
has announced its 
Series 3700 family of 

benchtop DMMs (digital mul-
timeters) and signal-switching 
cards, from which you can con-
figure automated-measure-
ment systems for data acqui-
sition or functional testing of 
electronic products and com-
ponents. Because a full-rack-
wide, 2U, 3.5-in.-high enclo-
sure accepts six switch cards 
and the densest card handles 
96 channels, a 2U system can 
accommodate as many as 
576 analog inputs. An option-
al DMM within the same 2U 
mainframe provides fast, low-
noise measurements with res-
olutions as great as 7½ dig-
its at prices lower than those 
of typical 6½-digit DMMs. 
The manufacturer also calls 
Series 3700, with its built-in 
10/100-Mbps BaseT Ether-
net connectivity, the fi rst LXI 
(LAN extensions for instru-
mentation) Class B-compliant 
signal-switching system.

The Series 3700 offers four 
mainframe options. Users can, 
for example, choose a main-
frame without an integrated 
DMM or one with a DMM but 
without a front-panel display 
and keypad. The integrated 
DMM eliminates the need to 
coordinate an external meter 
with a switch topology, freeing 
up valuable development time. 
Users who don’t network their 
systems will especially appre-
ciate the front-panel USB 2.0 

port, which allows them to save 
measurements to nonvolatile 
transportable memory sticks.

The base model 3706 in-
tegrates a 7½-digit, high-per-
form ance DMM. Among the 
13 built-in measurement func-
tions are 1� low-resistance 
and 10-�A low-current rang-
es. To maximize measurement 
speed and system throughput, 
the Model 3706 mainframe 
incorporates a multiproces-
sor architecture. It features a 
single-channel rate of more 
than 10,000 3½-digit-resolu-
tion (dc-voltage or two-wire-
resistance) readings/sec to 
60 7½-digit, 26-bit-resolution 
readings/sec.

The Series 3700 also incor-
porates Keithley’s TSP (Test-
Script Processor) technology, 
which allows users to create 
test scripts and embed and ex-
ecute them within the instru-
ment. These scripts can con-
tain complete test routines, 
including complex decision-
making and instrument con-

trol, enabling the instrument 
to perform autonomously. For 
applications that do not require 
timing synchronization or high 
throughput, TSP gives users 
added fl exibility by executing 
line commands just as tradi-
tional instruments do.

The TSP-Link communica-
tion bus allows confi guration 
of multiple TSP instruments in 
a master/slave network. TSP-
Link also simplifies system 
expansion, allowing scaling 
of TSP-enabled instruments 
according to current and fu-
ture needs. US prices for Se-
ries 3700 mainframes start 
at $1790; plug-in-card prices 
start at $925.

Keithley also announced two 
additions to its Series 2600 
SourceMeter line for semi-
conductor parametric analysis 
and testing. The single-channel 
Model 2635 and two-channel 
Model 2636 offer resolutions 
as fi ne as 1 fA (10�15A), which 
many semiconductor, opto-
electronic, and nanotechnology 
devices can require. US prices 
start at $8495.

—by Dan Strassberg
�Keithley Instruments, 
www.keithley.com.
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Compact DMM/signal-switching 
system offers flexibility, speed

In 3.5 in. of rack space, Series 
3700 systems can combine a 
7½-digit DMM, which takes 
60 readings/sec at full resolu-
tion or 10,000 readings/sec at 
3½ digits, with signal switch-
ing—through plug-in cards—of 
as many as 576 analog inputs.

Altera Corp and Mentor 
Graphics’ Catapult C 
Synthesis Group have 

collaborated to produce Al-
tera-optimized Catapult librar-
ies to help system architects 
squeeze the most performance 
from the DSP blocks in Altera’s 
Cyclone II, III, and Stratix fam-
ily FPGAs. The libraries include 
custom operators for Altera’s 
Quartus router to reduce rout-
ing delays in Altera’s FPGA-
DSP blocks, resulting in a 30 
to 70% performance improve-
ment over using generic Altera 

libraries, the companies claim. 
The companies also claim that 
the tool produces better opti-
mizations than those from RTL-
synthesis tools.

In beta testing, one custom-
er implemented the libraries 
on a Stratix III with a 32-tap 
parallel-FIR (finite-impulse-
response) filter and gained 
a 37% maximum-frequency 
improvement—from 300 to 
410 MHz—over the previous 
library’s performance. The cus-
tomer also gained a 26% im-
provement (from 128 to 161 

MHz) on an edge-detection 
implementation, 43% improve-
ment (138 to 197 MHz) on 
a 2-D DCT (discrete-cosine 
transform), 18% improvement 
(330 to 390 MHz) on a MAC 
(multiply/accumulate) opera-
tion, and 5% improvement 
(156 to 164 MHz) on a FFT 
(fast Fourier transform).

With the Altera/Mentor fl ow, 
designers create a floating-
point model of an algorithm 
using an algorithm-develop-
ment tool. They then convert 
that model to a fixed-point 

model, typically in C��. Next, 
a software engineer typically 
compiles the model for an off-
the-shelf DSP. In the Altera/
Mentor flow, however, hard-
ware designers use Catapult 
C with its Altera-optimized li-
braries and directly implement 
the algorithm in the DSP block. 
The optimized library will come 
standard with the 2007a ver-
sion of Catapult C. For more 
on this product, go to www.edn.
com/article/CA6489145.

—by Michael Santarini
�Altera Corp, www.altera.
com.
�Mentor Graphics Corp, 
www.mentor.com.

Mentor tool optimizes algorithms, flow 
for Altera DSP-centric FPGAs
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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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Were you an electronics ge-
nius as a boy? Were you 
building crystal radios and 
winding your own slot-car 
motors?

I’ve met very few ge-
niuses in my life, and 

I’m certainly not one of them! 
But yes, I was building crystal 
sets at about age 9. Until I was 
12 years old, we lived on the 
moors in the north of England 
in a house with no electricity, so 
a crystal set was my only op-
tion. In 1954, I read an article 
entitled “How to build a radio in 
a fl ashlight.” It used something 
called a transistor—a Mullard 
OC71. I went down to the local 
radio store to buy one. “Never 
’eard of a transistor, boy. Don’t 
know naught about that,” said 
the proprietor in a broad York-
shire accent. I fi nally did ac-
quire some OC71s, and I still 
have them. They are glass-en-
capsulated junction-alloy de-
vices. To make a phototrans-
istor, you just scrape the black 
paint off the glass.

The �A741, the fi rst internal-
ly compensated op amp, is 
one of the landmark parts in 
analog history. How did you 
come to design this part?

My assigned task when 
I joined Fairchild R&D in 

1966 was to design the suc-
cessor to the �A709. The tar-
get specifi cation I was given 
by marketing was of the “let’s-
improve-all-the-key-specs-
by-50%” variety. However, the 
biggest problems with the 709 
were its idiosyncrasies, not its 
specifi cations: It was tricky to 
stabilize, there was no short-
circuit protection, and it would 
latch up and self-destruct in 
nanoseconds. National Semi-
conductor’s LM101, which [the 
late Robert] Widlar designed, 
addressed many of the user-
friendliness issues but still re-
quired external compensation 
and had a kludgy front-end 
bias scheme. Widlar must have 
come to the same conclusion, 
because he later redesigned it 
as the LM101A with a much-
improved front end.

I proposed the internally 
compensated �A741 in mid-
1967 to Garth Wilson and 
Marv Rudin, who ran the Linear 
R&D Group. Next thing I knew, 
I was sitting in Gordon Moore’s 
offi ce. He asked me if I’d mind 
moving to Mountain View [CA] 
because that would expedite 
the introduction of the part, 
which occurred in May 1968.

What parts did you work on 
at Intersil? Were there any 

accomplishments you are 
particularly proud of?

It’s interesting that, as a 
circuit designer, you get 

tagged by your best-known de-
sign. ... I’m known by the 741 op 
amp. ... For me, the Intersil years 
were the most creative. I de-
veloped the fi rst IC logarithmic 
and antilogarithmic amps and 
the fi rst monolithic FET-input 
op amp, the ICL 8007, which 
dominated the market until the 
bipolar FETs came along.

I also got to spend a month in 
Japan designing the fi rst elec-
tronic-shutter IC for a single-
lens-refl ex camera for Canon. 
This circuit took the logarithm 
of three inputs—film speed, 
aperture, and light intensity—
summed the result, stored it 
while the mirror went up, and 
then took the antilogarithm to 
generate the shutter speed. It 
used about 20 transistors in to-
tal and was probably my most 
elegant design. Nowadays, this 
is done with about half a million 
transistors in a microcontrol-
ler–how prosaic.

Both you and Linear Technol-
ogy’s Bob Dobkin showed 
me logarithmic-amplifier 
circuits. What is it about that 
circuit that you like?

Interesting—I didn’t know 
that Dobkin also used 

that circuit. I’ve been using it 
since I designed a logarithmic 
amp for Intersil in 1970. I like it 
as an interview topic because 
it isn’t something you fi nd in a 
textbook. The fi rst—relatively 
simple—challenge is doing the 
dc analysis. The more interest-
ing part is fi guring out the im-
pact on ac stability of having an 
active element in the feedback 
and what it takes to achieve 
unconditional stability.

Maxim copied a lot of Intersil 
parts as a second source at 
the beginning. The famous 

ICL7660 charge pump and 
the 7106 and 7107 DVM 
(digital-voltmeter) chips 
were a few of the parts. Did 
they keep you going while 
you designed Maxim parts?

Absolutely. The original 
business plan called for 

the speedy introduction of 14 
second-source parts to gener-
ate quick cash fl ow, followed 
by proprietary parts. Gener-
ating positive cash fl ow in a 
start-up is key: If you have to 
go back to the venture capital-
ists for an unscheduled round 
of fi nancing, you get taken to 
the cleaners.

Considering your accom-
plishments at Maxim, of what 
do you feel most proud?

I feel proudest of the 
design team I recruited. 

They were—and still are—some 
of the fi nest people in the in-
dustry, having designed an in-
credible number of innovative 
products, as well as serving in 
senior-management positions.

Any chance that you’ll get 
bored in retirement and de-
sign a few parts for some 
lucky company?

That’s very fl attering, but, 
after being retired for al-

most nine years and in man-
agement for 20 years before 
that, no one would want my 
designs today! But if anyone 
would like me to put togeth-
er an electronics package for 
their sailboat, with a voyage to 
Tahiti included—well, that might 
be different.—by Paul Rako
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Dave Fullagar made his mark at Fairchild Semiconductor in 
the 1960s. He designed the ubiquitous �A741 op amp, 
perhaps the most successful op amp ever. EDN recently 

had the chance to interview Fullagar. A portion of that interview 
follows. To read more, go to www.edn.com/071122pulse1.

Dave Fullagar, analog-IC 
designer and entrepreneur
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A
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It’s autumn again, a beautiful time of year in New England. My office
looks more like my backyard—except the colorful leaves littering
the ground have been replaced by papers, trade journals, schemat-
ics, IC layouts, test reports, design reviews, pictures, business plans,
and spreadsheets. After 38 years, I guess it’s time to clean up. Sifting
through the piles of papers gives me pause to reflect on the great
strides Analog Devices (ADI) as a company and we as an industry
have made in a relatively short time and what fantastic opportunities
still lie ahead.

The work we do is important and
rewarding. Our “analog and digital
devices” enable people to live better, to
save lives, and to enjoy life. The 
continuous demand for faster, lower 
power, more precise ICs that have 
higher levels of integration, are environ-
mentally friendly, and are low cost,
challenge us every day to do better.
This call to arms has inspired new
processes, ingenious architectures, and
countless new products. Many of today’s
products didn’t exist five years ago.
I’m particularly proud of the strides we
have made in multichannel, highly integrated signal processing ICs
and the advances we have made in microelectromechanical systems
(MEMS) for motion sensing.

Ultrasound has been a great driver of signal processing IC 
technology. Years ago, the only types of ultrasounds available were
found in specialized hospital clinics. Portability of real-time scanning
ultrasound has been a key driver in improving analog front ends
(AFEs). The need for portable ultrasound is vital for a variety of set-
tings, ranging from doctors’ offices and emergency rescue vehicles
to large livestock pens, construction sites, and factory floors.

ADI’s AD9271 AFE is one of today’s most innovative analog compo-
nents that enables portable ultrasound equipment. Fabricated 
on 0.18 � CMOS, the AD9271 replaces a multichip discrete solution.
This AFE integrates a complete 8-channel receiver on a single chip.
Each channel contains a low noise amplifier (LNA), a variable gain
amplifier (VGA), an antialiasing filter (AAF), an analog-to-digital con-
verter (ADC), and a serial low-voltage differential signaling (LVDS)
output. It’s a remarkable innovation; the AD9271 has reduced the
signal path area by 50% and lowered power consumption by 25%.
Analog components like these enable compact life-saving 
ultrasound systems that now fit in the palm of your hand.

ADI’s iMEMS® 3-axis accelerometer is another relatively new prod-
uct. ADI started producing MEMS in 1989. In 1992, an ADI MEMS
accelerometer replaced mechanical sensors and found its way into
a “little” automotive application: airbag deployment. Today, ADI’s
MEMS accelerometers play a crucial role in crash detection,
rollover detection, and airbag deployment. MEMS sensors are found
in numerous automobile makes and models and undoubtedly have
saved countless lives—perhaps even the life of someone you know.

ADI’s MEMS technology also is finding its
way into new applications, such as 
microphones and RF switches. The ADI
iMEMS accelerometer is a vital component
in truly interactive, lifelike, motion-based
video games. It enables the main wireless 
controller to detect 3-axis movement.
ADI’s MEMS motion signal processing
technology not only allows individuals of all
ages to play a variety of virtual action
sports and video games, it also has paved
the way for countless other applications by
exploiting the virtues of motion sensing as
a user interface in portable devices.
New motion-based wireless game con-

trollers have provided a unique opportunity for users by packaging
the accelerometer, along with other electronics, in an inexpensive
and accessible medium, perfect for the experimenter in all of us.

These two important applications demonstrate the impact 
that analog and mixed-signal electronics have in driving end-
user technology. As Moore’s Law shows, we can continue to scale
devices and pack more into less space. However, Moore's Law 
cannot fully address all the demands of modern chip design: high 
performance, increased integration, more flexibility, low power, low
cost, "green" compatibility, and feature richness. To satisfy these
challenges will require the continued cooperation between circuit
designers, system engineers, and process development teams.
Through innovation, inspiration, and perspiration, we’ll forge ahead
to tackle the next set of challenges. Speaking of which, I need to get
back to raking up the piles of paper in my office. We’ll talk again,
after the snow flies in Vermont.

Analog Is Touching Lives and Going Strong

A series of engineering insights 
by Analog Devices.

ADI Fellow and VP of Analog Technology Lewis Counts retired this year after
an illustrious 38-year career with Analog Devices. The impact of his contribu-
tions to the field, to his colleagues, and to the company will remain with us
for a long time.

A d v e r t o r i a l
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where DCODE is the digital-output code, 
VIN is the input voltage to the convert-
er, VOS is the converter’s offset voltage, 
VREF is the reference voltage applied 
to the converter, N is the number of 
ADC bits or the ADC resolution, and 
VGE is the combined ADC-gain error, 
reference-output-voltage error, and ref-
erence-voltage noise.

It is easy to see how the voltage refer-
ence’s specified value affects the ADC’s 
absolute accuracy. For high-resolution 
converters, the reference-offset error 

is usually greater than the ADC-off-
set error, particularly over temperature. 
You will also notice from the transfer 
function that the reference errors have 
more influence on the converter re-
sults with higher input voltages.

You can reduce the ADC and refer-
ence-source errors with a ratiometric 
design. This scenario may require ad-
ditional devices in the circuit or a pro-
cessor/microcontroller-calibration al-
gorithm. Remember that calibration 
algorithms require gain and offset char-
acterization for each circuit.

The reference’s noise error is a dif-
ferent matter. It affects the SNR (sig-

nal-to-noise ratio) and the THD (total 
harmonic distortion) of a conversion. 
The reference noise impacts the con-
verter’s SNR and THD at higher ADC 
input voltages (Figure 2).

If the converter lacks an internal buf-
fer at the reference pin, you will notice 
incoming or outcoming current spikes. 
The converter uses these currents dur-
ing the conversion cycle to charge in-
ternal capacitors. This knowledge may 
motivate you to insert a low-noise am-
plifier between the external reference 
and the ADC.

Don’t try to test your ADC with an 
input voltage of 0V or ground. If you 
hope to see the effects of your voltage-
reference source on your conversions, 
try to use a dc full-scale input and then 
a signal input that will help you look at 
the system’s frequency response (Ref-
erence 1).EDN

R E FE R E N CE
 Oljaca, Miro and Bill Klein, “Im-

proved Voltage Reference Circuits 
Maximize Converter Performance,” 
Texas Instruments Webinar on De-
mand, www.techonline.com/learning/
webinar/201307002.

Bonnie Baker is a senior applications engi-
neer at Texas Instruments. You can reach 
her at bonnie@ti.com.

BY BONNIE BAKER

ADC voltage-reference errors 
impact full-scale conversions

,,
B A K E R ’ S  B E S T

 S
AR (successive-appoximation-register) analog-to-digital ref-
erences have more influence on conversion accuracy than 
you may initially think. Figure 1 shows the transfer function 
of an ideal 3-bit ADC and the same converter with gain er-
ror. The transfer function of an ADC is equal to:

Figure 1 Gain error causes the transfer function of an ADC 
to rotate around the digital-input code of zero.
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Design with the best: Signal Chain

© 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

One source for signal chain and beyond

www.newark.com
� Broadest selection–components to test
� Great website–fast, easy, accurate
� Technical support–online or by phone
� Timesaving services–free re-reeling & more

In stock, ships today. See our complete line of high performance 
analog signal conditioning, conversion and data 
transfer products. www.newark.com
1.800.463.9275

DESIGN WITH THE BEST

AD866x: Low noise 
rail-to-rail precision op amps

Low-cost solution for industrial and
instrumentation applications. See

www.newark.com/analog
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Lossless data compression can be valuable in any number of storage, server, 
and networking situations, reducing both required bandwidth and storage 
space without damaging the data. It’s too laborious to achieve high through-

put in software using the Lempel-Ziv-type algorithms necessary for good compres-
sion ratios. One vendor, Comtech AHA Corp (www.aha.com), plans to offer a 
drop-in PCIe (PCI Express) card as a hardware accelerator for the open-source gzip 
(GNU-zip) algorithm. The board will be available in the first quarter of 2008, but 
the company offered EDN an early look at what it takes to accelerate gzip.

The crunchers: The AHA 3610s 
are numerical processors that 
do the gzip computations. Using 
internal buffer memory, they can 
work directly from the host server 
or the PC’s main memory. The 
data interface is a parallel pair of 
16-bit DDR-DRAM interfaces, 
allowing each chip to compress 
or decompress data at 2.5 Gbps, 
with the equivalent of gzip-9 
(high-effort) software-compres-
sion results.

The power: A Linear 
Technology (www.linear.
com) switching dc/dc 
converter steps down 
the 12V supply from the 
PCIe connector to 3.3V 
for three Enpirion (www.
enpirion.com) buck regu-
lators, which in turn pro-
vide 2.5V for SSTL (stub-
series-terminated-logic) 
I/O and 1.2V for core 
logic to the FPGA and 
Comtech AHA chips.

Plugging hardware-based 
compression into a server

PRY FURTHER AT EDN.COM

To check out our previous Prying 
Eyes columns, visit www.edn.
com/pryingeyes.

RON WILSON • EXECUTIVE EDITORP R Y I N G  E Y E S

The support: You have 
to feed an SRAM-based 
FPGA, even in a small 
system. Here, a CPLD and 
a NOR-flash part do the 
job. This combination is 
an Altera reference design 
that allows the board to 
hold two complete con-
figurations for the Arria 
GX. This approach allows 
customers to experiment 
with the DMA logic and 
DDR-interface control.

+

The system inter-
face: Comtech AHA 
uses an Altera (www.
altera.com) FPGA to 
implement both the 
PCIe-interface logic 
and a DMA engine with 
scatter/gather capabil-
ity to feed both the 
3610s and keep them 
running.
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The language of technical computing.

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?

Parlez-vous 
MATLAB?
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UCODE G2XM and UCODE G2XL RFID chip solutions

The UCODE G2XM and UCODE G2XL from NXP 
Semiconductors protect your brand while keeping track of 
your products throughout manufacturing. These passive 
RFID chip solutions bring transparency into the supply chain 
and make pallet-, case- and item-level tracking reliable and 
cost-effective. They inhibit counterfeiting, speed up inventory 
checking, enhance theft protection, and verify authenticity. 
In addition, they enable long read ranges, provide consistent 
performance on different materials and operate reliably in 
multi-reader environments. The UCODE G2XM has the 
largest dedicated user memory on the market (512-bit). 
Reference antenna designs and a UHF reader demo kit 
are available.

What if you could 
cost-effectively protect 
your brand?
NXP develops vibrant media technologies that help 
bring your ideas to life. Our innovative solutions 
enhance images, sharpen sound and simplify information 
sharing. Find out more about this reassuring RFID 
chip solution on our website.

www.nxp.com/ad/ucode

What if you could
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        MONITORING AND 
MANIPULATING REMOTE RESIDENCES

Homeland 
         security:        

INTERESTED IN CONTROLLING A COMPUTER DOWN THE STREET
OR HALFWAY AROUND THE WORLD? HOW ABOUT  SWITCHING AN 
APPLIANCE’S POWER, DIMMING THE LIGHTS, OR ADJUSTING AMBIENT 
TEMPERATURE, ALONG WITH ATTAINING SOME AUDIO-VISUAL FEEDBACK 
ON A PROPERTY’S STATUS? IT’S ALL POSSIBLE, ALBEIT NOT WITHOUT GLITCHES.

BY BRIAN DIPERT • SENIOR TECHNICAL EDITOR

 U
biquitous network protocols, such as IP (In-
ternet Protocol), TCP (Transmission Control 
Protocol), and UDP (User Datagram Proto-
col), in combination with the increased avail-
ability and decreased cost of robust broadband-
Internet access, have cultivated an upsurge in 
remote-access and -management capabilities. 
Numerous technologies exist, for example, to 
control computers from outside a LAN (local-

area network)—from the modest but omnipresent RealVNC (vir-
tual-network-connection) to VPN (virtual-private-network) ap-
plications, such as LogMeIn’s freeware-plus Hamachi.

Operating-system-specific remote-com-
puter-control variants include Micro-
soft’s Remote Desktop Connection and 
Apple’s Remote Desktop. And, with 
products such as Sling Media’s Slingbox 
and Microsoft’s WebGuide for Windows 
XP Media Center Edition and Windows 
Vista, you can peruse live and archived 
video material from anywhere in the 
world (see “Homeland security: remote-
ly tune into TV content” at www.edn.
com/briansbrain).

This EDN hands-on project testdrives 
the reality behind these concepts’ theo-

Figure 1 This hands-on project’s 
test bed has some particularly 
challenging attributes: a remote 
location and inconsistent power.

ED
N
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ANDS-ON PRO
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T
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ries. Additionally, it tackles video sur-
veillance, along with a hands-on evalua-
tion of the home-automation technolo-
gies that EDN previously covered (Ref-
erence 1). However, whereas the earlier 
article’s focus was on within-the-home 
control, I’ve built on its foundation by 
additionally attempting to control—and 
monitor—a home from the outside. The 
study’s test bed is a diminutive dwell-
ing built in the mid-1980s, located atop 
a 7000-foot ridge in the Sierra Nevada 
mountains and prone to fairly frequent 
rain-, snow-, and wind-induced power 
loss of random duration (Figure 1).

Although this article’s analysis focuses 
on a secondary residence, if you brain-
storm for a few minutes you’ll likely come 
up with a lengthy list of additional uses 
for this project’s results. Consider, for ex-
ample, a remote office suite whose equip-
ment, illumination, and temperature you 
might want to be able to remotely moni-
tor and adjust. Assuming that the equip-
ment, along with data stored on hard 
drives, on optical discs, and in file cab-
inets, is of substantial value, you might 
also be motivated to inspect the premises 
from afar and respond to sensor alerts of 
a fire, a break-in, or another catastrophe. 
And don’t underestimate this article’s 
applicability to home-based-health-care 
trends (Reference 2). If, for example, a 
friend or family member stricken with 
Alzheimer’s disease were to wander out 
the door, wouldn’t an e-mail- or pager-
based alert be useful?

The journal of my experiences in 
the following paragraphs will, I hope, 
smooth the path for those of you inter-

ested in following my footsteps. Equally 
important, I hope that those of you cre-
ating technologies and designing prod-
ucts based on them for germane appli-
cations will optimize them using this 
write-up’s observations and conclusions 
as a guide. Remember: If, as an engineer, 
I struggle with a given technology, the 
average consumer has even less chance 
of figuring it out.

DNS ANGST
In researching before the eventu-

al purchase of my mountain getaway, a 
two-hour drive away from my primary 
residence at the time, I was pleasantly 
surprised to find that this second home 
could access both cable and DSL (digital-

subscriber-line) broadband service. An 
abundance of competing Internet-access 
options isn’t always available, but satel-
lite-Internet service—albeit with the 
requisite long latency, weather-depen-
dent uptime, performance irregularity, 
and relatively high cost—should at min-
imum be an available broadband candi-
date, as long as you have an unobstruct-
ed view of the sky above your dwelling 
(Reference 3). Most broadband provid-
ers offer “base” services that employ dy-
namic IP-address allocation. After a pro-
vider-dependent WAN (wide-area-net-
work)-inactivity time period has elapsed, 
your LAN’s allocated IP address releases 
and returns to an available “pool.” The 
next time any portion of your network 
connects to the Internet, it’s statistically 
likely that your service provider will as-
sign your LAN a different IP address.

Dynamic allocation precludes the pos-
sibility of reliable IP-address-based access 
to your LAN. Some broadband providers 
offer their customers optional static-IP 
addresses but usually at a significant price 
premium reflecting their “business-class” 
status. Instead of paying AT&T extra 
cash for a static-IP address, I evaluated 
several of the DDNS (dynamic-domain-
name-system) services that attempt to 
address the issue. They work with equip-
ment, such as a router or a computer, 
within your LAN. When the equipment 
senses a change in your service-provid-
er-allocated IP address, it automatically 
connects to the DDNS provider’s server 
and updates your account information. 
By using the DDNS account-allocated 
URL (uniform-resource locator) and as-

Figure 2 The DDNS client in D-Link’s DI-524 appears to be nonfunctional (a), and the one in Linksys’ WRT54GC is intolerant of 
lengthy network-initialization sequences (b). DynDNS’ client software running on a Fujitsu Lifebook P-2110, however, operates as 
intended (c).
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AT A  G LAN CE
Determining your dynamic-IP 

(Internet Protocol)-based Internet 
service’s address is more compli-
cated than it might appear at first 
glance.

Webcams are prone to unreliabil-
ity due to temperature and wireless-
connectivity variations. Watch out, 
too, for integrated Web servers that 
unnecessarily restrict you to one 
browser or operating system.

Power-line-based control 
schemes have tremendous potential 
but, my testing suggests, aren't 
yet robust enough for widespread 
adoption. Monitor the Brian’s Brain 
blog at www.edn.com/briansbrain 
for ongoing updates as I continue 
my Insteon debugging and begin 
exploring the Z-Wave wireless 
alternative.

�

�

�

(a) (b) (c)
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number of conductors, which decreases power loss and
increases total power to the end equipment. The main dis-
advantages are the added cost and the increased complex-
ity needed to ensure that the current is balanced between
the two current loops.

In the four-pair architecture, both current loops feed a single
DC/DC converter. If the impedances of each loop were iden-
tical, current balancing would be unnecessary and each
loop would provide half of the needed input current to the
DC/DC converter. However, mismatches in the wires, con-
nectors, and components will naturally cause one loop to
carry more current than the other. To ensure reliability, the
series components in each current loop must be designed
to handle the worst-case imbalance while maintaining data
transmission. A larger imbalance implies an oversized (and
thus more costly) design. Maximum power delivery can be

obtained by balancing the
current between the line
pairs so that each path
operates just below its cur-
rent limit. The following
example and analysis
show how the worst-case
imbalance can be deter-
mined and minimized.

Introduction

Power-over-Ethernet (PoE) parameters are specified by
IEEE 802.3-2005 clause 33, which defines both the allow-
able architectures and the maximum deliverable power for
a PoE system.1 The present standard mandates a two-pair
architecture allowing a maximum of 12.95 W at the end of
the cable. As end equipment becomes more complex, it
requires more power and architectures more flexible than
the IEEE standard allows. This article describes a unique
current-balancing technique that uses a four-pair architec-
ture to deliver up to 50 W to the end equipment.

Review of PoE Four-Pair Architectures

An end-to-end PoE solution typically comprises a power
source, referred to as “power sourcing equipment” (PSE),
and end equipment, referred to as the “powered device”
(PD). The PSE may be standalone or embedded in a router
or switch. Most Ethernet cable used today is Category 5E
(CAT5E) cable composed of four unshielded twisted pairs
of copper.

The IEEE standard specifies that power may be delivered in
a single loop over either of the two pairs but not over all
four pairs simultaneously. Using two current loops over all
four pairs, the architecture in Figure 1 increases the avail-
able power delivered to the input of the PD. The main
advantage of the four-pair architecture is the increased

Current Balancing in Four-Pair, High-Power 
PoE Applications

BRIEF

By Steven R.Tom

Systems Engineer, Power Interface Products
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Figure 1. Four-pair architecture for power delivery 
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Design Example With Current-Booster Circuit

In a four-pair architecture, the detection and classification
functions of the PD must be performed on each two-pair
current loop, which necessitates the need for two PD con-
trollers. In the design example that follows, two TPS2376-H
controllers are used as the PD input source to the DC/DC
power supply2 (see Figure 2). The DC/DC power supply uses
a UCC3809-2 in a single-switch flyback topology to provide
an isolated 5 V at 8 A to the load.

It is assumed that an available PSE will supply a regulated
voltage between 51 and 57 V that is capable of sourcing up
to 800 mA for each current loop consisting of two pairs of
the CAT5E cable. A reasonable assumption for the loop
impedance of each two-pair loop (maximum length of 100 m)
is 12.5 Ω. The CAT5E cable will connect to the PD interface
and input to the DC/DC converter that will provide an isolat-
ed 5 V at 8 A to the load. For simplicity and emphasis on the
PD interface, the DC/DC power supply is shown in Figure 2
as a simple black box.

Assuming that the DC/DC converter is ~85% efficient, approx-
imately 47 W of input power is needed. Depending on the
CAT5E cable length and the PSE voltage, an input current
between 0.825 and 1.2 A is required to meet the input-
power specification.

The TPS2376-H datasheet shows the minimum current limit
to be 625 mA. It is imperative that the current in either of
the two current loops not exceed this value during operation
to avoid unwanted shutdown. Because of the TPS2376-H
minimum current limit, the current-booster circuitry using
Q1 and Q2 was introduced to gain the full potential of the
allowable 800 mA of input current per two-pair loop. 

Board-Level Results3

To emulate worst-case conditions, an evaluation board was
tested with a diode and resistor in series with the return
path of Paths 3 and 4. The forward voltage drop of the diode
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Figure 2. Design example of four-pair architecture with current-booster circuit

(0.7 V) and an additional 0.5-Ω resistance were added to
compensate for worst-case diode forward voltage varia-
tions and system resistance tolerances. This permitted a
reasonable board-level test to be conducted to measure
actual current-loop imbalances.

Figure 3 shows that the largest current through either of 
the TPS2376-H devices is 488 mA with a 100-m cable. The
largest current available (in this example, Path 1 plus Path 2)
is 648 mA with a 100-m cable. Because the worst-case
current imbalance exceeds neither 625 mA through the
TPS2376-H nor 800 mA in one current loop, the design
remains within the original design specification.
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Figure 3. Board-level test results of unbalanced 
current sharing

Conclusion

Board-level results confirm that the current-booster circuit
will meet the initial design requirements for current balanc-
ing by keeping the return current through each TPS2376-H
under its minimum current limit and under the maximum
current allowable in the CAT5E Ethernet cable. The addition
of the current-booster circuit improves the current balanc-
ing between the two current loops so that the wire, connec-
tor, and component tolerances do not cause the design to
fall out of the design specifications.
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suming that the Internet-service provid-
er you’re currently connected to has an 
up-to-date DNS server, you’ll always find 
your remote LAN regardless of what its 
IP address is.

The first router I tried, D-Link’s DI-
524, claims to support DDNS, but 
DNS-service provider No-IP refused to 
acknowledge address updates that the 
DI-524 sent (Figure 2). After some re-
search, I discerned that No-IP was like-
ly blocking the update attempts because 
D-Link’s DDNS client historically acts 
aggressively (Reference 4). I couldn’t 
find any reference to the update-serv-
er addresses for DynDNS and TZO 
(Tzolkin), so I couldn’t test the DI-524 
with either of these two services. Link-
sys’ WRT54GC router also integrates a 
DDNS client, in this case with built-in 
support for DynDNS and TZO. How-
ever, although the WRT54GC DDNS 
client generally worked better than the 
one in the DI-524, its shortcomings still 
rendered it unusable for my setup.

When my Siemens SpeedStream 
4100 B DSL modem initially connects 
to AT&T’s network, it can take a min-
ute or more for the modem—and, there-
fore, the router—to receive a dynam-
ic-IP-address assignment. My Linksys 
OGV 200 QOS (quality-of-service) net-
work optimizer’s autocalibration cycle 
further extends the delay until initial-
ization is complete. Unfortunately, the 
WRT54GC’s DDNS client seemingly is 
too unintelligent to handle this deferral. 
If it is initially unsuccessful at logging 
into DynDNS’ and TZO’s update serv-
ers, it reports an “error in username or 
password,” “unable to establish HTTP 
connection,” or similar message indi-
cating lack of connection success and 
doesn’t reattempt a later login.

Because I’m powering the DSL mo-
dem, QOS processor, and router from 
a battery-backed UPS (uninterrupt-
ible-power supply), you might think this 
glitch would be easily solvable with a 
one-time manual login from the router’s 
browser-based GUI (graphical user in-
terface). After all, once the WRT54GC 
successfully logs into a DDNS server, it 
adequately handles dynamic-IP-address 
updates. On at least one occasion, how-
ever, the premises’ power loss was suf-
ficiently long to completely drain the 
UPS battery, thereby shutting off all of 
the network gear. When the premises’ 
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Figure 3 D-Link’s DCS-1000W, being 
Java-based, is browser- and operating-
system-agnostic but can’t handle sun 
exposure (a). The 802.11b-based DCS-
5300W (b) and 802.11g-supportive 
DCS-5300G (c) were unreliable over 
Wi-Fi, but Actiontec HomePlug AV adapt-
ers practically solved the connectivity 
problems (d).
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power came back on, the router once 
again gave up after unsuccessfully at-
tempting to log into my DynDNS and 
TZO accounts; therefore, I completely 
lost access to the LAN until I returned 
to the residence several weeks later.

Ironically, another piece of active 
equipment on my LAN, the VOIP 
(voice-over-Internet Protocol) adapter, 
also automatically—and, at least so far, 
always successfully—logs into a WAN-
based server. The IP address associat-
ed with my VOIP account is therefore 
identical to the AT&T-allocated dy-
namic-IP address for my LAN at any 
point in time. Unfortunately, neither 
BroadVoice nor Vonage allows custom-
ers to access this information. I plan to 
eventually test Linksys’ WRT54GL rout-
er, both with factory-supplied firmware 
and with DDNS client-inclusive open-
source code, such as DD-WRT and To-
mato. For now, though, I’ve resorted to 
installing DynDNS’ client software on a 
power-efficient Fujitsu Lifebook P-2110 
laptop computer. The PC is old and slow, 
based on an 867-MHz Transmeta Cru-
soe CPU, but my application isn’t per-
formance-critical. To maximize the lap-
top’s probability of surviving a lengthy 
power loss, I’ve connected it to both an 
extended-capacity main battery and an 
optical-drive-bay-based supplemental 
battery, with further help from an APC 
(American Power Conversion) external 
universal-notebook battery. The envi-
ronmentalist in me isn’t thrilled with 
the idea of an always-on computer, but, 
as you’ll soon see, I’ve also found anoth-
er use for the system.

CONVOLUTED VOYEURISM
Once I figured out how to reliably 

contact my router from the WAN, the 
next step was to open up firewall holes 
so that I could access the LAN gear be-
hind it. I wanted to set up two Web-
cams, one pointed out the front door—
to monitor, among other things, winter-
time snow conditions—and the other 
perusing the home’s interior. The first 
camera I tried, D-Link’s now-obsolete, 
Java-based, 802.11b- and Category 5-ca-
ble-supportive DCS-1000W, was brows-
er- and operating-system-agnostic—giv-
ing it advantages over ActiveX-based 
alternatives that you’ll soon read about 
(Figure 3). Unlike its successors, it of-
fered no movable-lens capability, and 

Figure 4 Smarthome’s 2412S PowerLinc 
Modem is outlet-sensitive, at least in my 
setup, and it must be fully powered before 
you power up Universal Devices’ ISY-26 
to reliably manage it (a). The Smarthome 
2443 access points aren’t seemingly act-
ing as the wireless phase couplers they’re 
intended to be, although the reason why 
is unclear (b). Once I get my Insteon net-
work to a more robust state, I’ll advance it 
beyond its current humble implementation, 
switching two incandescent lamps via 
Smarthome 2856S3B on/off adapters (c).

DC-DC
Converters

aimtec.com

Wattage 0.25 – 400

VDC Output 0.75 – 48

VDC Input 3.3 – 160
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& Non-Isolate
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(c)
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it couldn’t take the heat in the aptly 
named sunroom where I installed it. As 
spring turned into summer, the DCS-
1000W began—after a random period 
of stable operation—ignoring network-
access requests until I cycled its power, a 
difficult task when I was off-site.

My setup now consists of two D-Link 
DCS-5300 Webcams, both supporting 
10/100-Mbps Category 5-cable con-
nections. The DCS-5300W variant is 
802.11b-cognizant, whereas its G twin 
handles higher bandwidth 802.11g. 
Achieving success was a diagnostic 
struggle; by the end, the wireless-pro-
tocol differences between the two cam-
eras were irrelevant. At first, the no-
wires appeal of 802.11 encouraged me 
to go in that direction. However, de-
spite having no discernible contending 
2.4-GHz interference within the prem-
ises and using a broadcast channel that 
didn’t overlap any of the nearby neigh-
bors’ faint Wi-Fi beacons, any wireless 
connection I established between the 
router and either Webcam survived for 
no more than a few days.

At first, I thought that DHCP (dy-
namic-host-configuration-protocol) re-
newals were failing, so I configured both 
Webcams with static-IP addresses. Al-
though this tack is always a good idea 
because it provides a stable forwarding 
destination for firewall holes, it didn’t 
provide any discernible reliability relief 
in my case. I never figured out the root 
cause of the wireless-connectivity prob-
lem. Were the D-Link Webcams or the 
D-Link and Linksys routers to blame, 
was it some nuance of the interaction 
between them, or could it be as-yet-un-
detected environmental interference? 
Not relishing the idea of crawling under 
the house to run cable through floors and 
walls, I instead used Actiontec’s Home-
Plug AV adapters, which so far have 
been generally reliable in operation—
albeit with a few hiccups—and deliver 
discernible audio through the Webcams’ 
built-in microphones and smooth video 
over UDP (Reference 5).

The DCS-5300W and DCS-5300G 
employ ActiveX-based video add-ins, 
meaning that—unlike with their Java-
cognizant DCS-1000W predecessor—if 
you attempt to use a browser interface 
to view the vistas they capture, you can 
do so only from a Windows-based com-
puter and only from Internet Explorer. 

Even with those restrictions in mind, 
I found that two of the four Windows 
XP-based systems I regularly access can-
not view Webcam content from Inter-
net Explorer; I get “HTTP-400-bad-re-
quest” errors whenever I make an at-
tempt. I’m more successful in achieving 
this access using Firefox’s IE Tab add-
on, which runs the Internet Explorer 
rendering engine. In this case, I can log 
onto the Webcams, and, if I repeatedly 
refresh each frame within a given DCS-
5300 Web page, its content will eventu-
ally appear.

Neither other folks’ PCs nor my oth-
er two Windows systems experience the 
same problem. I suspect that some oth-
er installed Internet Explorer add-on is 
causing a conflict, although I’ve tried 
disabling all of the obvious candidates 
with no effect, or perhaps an obscure 
Windows-security setting is to blame. 
Fortunately, D-Link’s D-ViewCam ap-
plication works on every Windows sys-
tem I’ve tried it on, thereby providing 
an alternative access path. Other DCS-
5300 grumbles include its somewhat-
noisy operation and lack of optical-zoom 
capability. I like the Webcams’ pan-and-
tilt feature, however, and I should also 
note that I haven’t yet employed some 
of the application’s advanced features, 
such as the ability to detect and react 
to motion, to interface with external 
sensors, and to periodically—and in re-
sponse to a trigger event—e-mail images 
and copy them to an FTP (file-transfer-
protocol) server.

CONTROL ISSUES
Except for infrared units, Webcams 

work only when adequate ambient light 
allows the devices to capture a mean-
ingful image. For example, if a burglar 
were prowling around in my home af-
ter dark, the camera for viewing the in-
terior would be useless unless the lights 
were on. Given my “green” leanings, 
keeping the lights on for hours or days 
at a time with nobody home is an un-
appealing solution. This quandary ex-
plains one of my motivations for adding 
WAN-accessible home control to the 
technology mix: It also would be nice to 
keep the thermostat low when I’m away 
and ramp it up from afar a few hours be-
fore I return home.

Although HomeSeer Technologies 
and its partner, Cooper Wiring Devices, 
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have supplied me with some Z-Wave-
based wireless equipment, I’ve focused 
my near-term attention on power-line-
control technologies. Part of the reason 
for this power-line prioritization is my 
earlier-described frustrations with Wi-
Fi. Initially, I planned to tackle X10, 
spurred on by an excellent reference 
manual (Reference 6). This path was 
appealing given the wealth of new, of-
ten discontinued, and barely used X10 
equipment that eBay and other sites of-
fer. In retrospect, this abundance por-
tends potential problems as much as 
cost-effectiveness. You have to wonder 
why so much barely used gear is avail-
able for purchase.

After a consultation with Smarthome, 
I became aware of X10’s substantial short-
comings, particularly the lack of guaran-
teed feedback to a control-transition re-
quest. Smarthome’s literature refers to 
it as “unacknowledged, ‘press-and-pray’ 
signaling” (Reference 7). This lack of 
feedback would be especially problemat-
ic if you were attempting to manipulate 
a remote setup. Instead, I’ve been exper-
imenting the past few weeks with Inste-
on technology, which builds on an X10 
foundation, from Smarthome’s parent 
company, SmartLabs. For example, the 
company claims X10 compatibility with 
Smarthome’s model 2412S PowerLinc 
Insteon modem, which I currently use 
(Figure 4). Before proceeding down the 
Insteon path, I obtained assurances from 
Smarthome and HomePlug technology 
developer Intellon that an Insteon con-
trol network would cohabit—although 
not communicate—with my HomePlug 
AV setup.

Speaking of HomePlug, I frankly 
feel like I’m back in the painful days of 
HomePlug 1.0 as I strive to get the In-
steon setup working stably (Reference 
8). To date, in the spirit of crawling 
before walking before running, I’ve at-
tempted to control only two 2856S3B 
on/off adapters connected to nondim-
ming incandescent lamps. The 2412S 
can “see” neither of the adapters from 
two of the three power outlets I’ve tried 

connecting it to, even though the adapt-
ers are in the same room as the modem 
and less than 10 feet away from each 
other. Proximity is fairly meaningless 
when it comes to power grids; nearby 
110V outlets may come from different 
circuit breakers or, even worse, be on 
opposite phases of the 220V source feed. 
However, the model 2443 access points 
I also have installed are supposed to, by 
RF-linking to each other, bridge Inste-
on control signals across the two 110V-
ac phases. This bridging doesn’t seem 
to be happening, and these setbacks are 
bothering me because this small, mod-
ern home shouldn’t present much of a 
problem to a robust power-line-control 
technology.

Much of today’s home-control equip-
ment, such as the 2412S and its sibling 
2414S PowerLinc Controller, still relies 
on the archaic RS-232 interface. For 
stand-alone—that is, not PC-based—
operation, I interfaced the 2412S to 
Universal Devices’ Category 5- and RS-
232-inclusive ISY-26 home-automation 
controller, which embeds a Java-based, 
albeit nonintuitive, Web-server user in-
terface. The combination worked fairly 
well as long as I plugged the 2412S into 
the correct ac outlet and ensured that 
the 2412S was fully operational before 
powering up the ISY-26. In an unstaffed 
remote environment prone to frequent 
power loss, this precise power-sequence 
requirement is untenable. Although the 
ISY-26 literature clearly documents the 
sequencing constraint, my Universal 
Devices contact assures me that in real-
life practice it’s not necessary. He sus-
pects that I have either a faulty 2412S or 
an ISY-26 with out-of-date, bug-prone 
firmware. I’ll continue experimenting 
until press time; monitor my blog for 
further progress reports.

After encountering the ISY-26’s limi-
tations, I also attempted to manage the 
2412S from the Fujitsu Lifebook P-2110 
laptop with HomeSeer’s HS2 home-
control software and an SIIG model 
JU-HS2012-S2 USB-to-dual-RS-232 
adapter. Again, as long as I used the cor-
rect ac outlet, this combination worked 
fairly well after I overrode the default, 
nonfunctional drivers that Windows 
XP auto-installed when I first plugged 
the JU-HS2012-S2 into a laptop USB 
port. I wouldn’t recommend exposing 
the HomeSeer software’s Web-server 
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Rarely Asked Questions

R A Q ’ s

A. I recently attended the 80th birth-
day of a charming white-haired old 
lady. In conversation, I was amazed 
to learn of her teenage years in the 
French Resistance blowing up Nazi 
ammunition trains.

The other sort of resistance can fool 
you, too. A resistor’s value, and its toler-
ance, are obvious properties. Power dis-
sipation is also specified, and, occasion-
ally, breakdown voltage.

But there are many other characteristics 
which may need to be considered. Matching 
two or more resistors can be critically 
important to high precision analog circuitry. 
Precision on its own may be insufficient; two 
resistors matched at one temperature will 
be matched at another only if their tem-
perature coefficients (TCs) are also matched. 
And if their temperatures differ, because 
of self-heating or other causes, matched 
TCs will not help (although very low TCs 
will). Resistors whose matching is important 
should be on a single substrate: ceramic or 
glass for separate resistor networks or silicon 
for precision thin film resistors integrated on 
an IC. This ensures matching of resistance, 
TC, and temperature.

Resistors usually consist of resistive mate-
rial and copper connections. Two dissimilar 
conductors in contact form a thermo-
couple, which produces a voltage due to 
the Seebeck Effect. This is about 40 µV/ºC 
for copper/nichrome, and can exceed 400 
µV/ºC for carbon resistances. So, if there is 
a temperature difference between the ends 
of a resistor there will be a voltage between 
them, adding a dc error to the circuit. If this 
matters, we must minimize temperature 

differentials and perhaps use (expensive!) 
resistors with low thermoelectric emf.

Resistors have capacitance and inductance 
as well as resistance. Precision resistors that 
are wire-wound or have a spiral thin film 
structure have quite large (many µH) induc-
tance. Even when inductance minimizing 
techniques are used, the resulting structure 
does not have very low inductance. At high 
frequencies, reactance matters and must be 
considered.

The resistance of many high value (≥50MΩ) 
resistors varies with applied voltage, caus-
ing distortion. This can also occur with poor 
quality resistors of lower value. Such resis-
tors may also have current dependent noise 
in addition to thermal noise.

Like my friend, resistors are more complex 
than they first appear; your circuits will ben-
efit if you understand them thoroughly.

Resistors (and old ladies) have hidden depths

To learn more 
about Resistors

Go to: http://rbi.ims.ca/5410-101

Q. You recently discussed the thermal noise of resistors. 
They seem to be such straightforward components with 
just two connections and one simple property: resistance. 
Do they have more traps for the unwary?
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interface to the WAN through a fire-
wall hole, however, especially over the 
default HTTP port 80. Two days after I 
took these very steps, the laptop stopped 
responding to WAN-access attempts. 
When I returned on-site nearly two 
weeks later, I found the system locked up 
with a blank screen. Power cycling the 
PC brought it back to life with no ap-
parent ill effects, so I suspect that some-
one unsuccessfully attempted to hack it. 
Nevertheless, use a nonstandard TCP 
port or, better yet, dispense with the di-
rect Web-server interface and instead 
access the HomeSeer-equipped comput-
er over an encrypted and password-pro-
tected VNC or VPN connection, as I’m 
now doing.EDN
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JUST TWO YEARS 
AGO, LITHIUM-ION 
CELLS MAY NOT 
HAVE MET YOUR 
SYSTEM’S POWER 
REQUIREMENTS. 
BUT TAKE ANOTHER 
LOOK; YOU MIGHT 
BE PLEASANTLY SUR-
PRISED BY WHAT’S 
AVAILABLE NOW.

BY MARGERY CONNER • TECHNICAL EDITOR

or “greenness,” didn’t even make the cut.
The most important energy requirement for laptops 

and other consumer-electronics products, such as cell 
phones and MP3 players, is energy-storage capacity. At 
a minimum, users want to be able to watch a feature 
movie on their laptops during cross-country flights. 
Second is the ability to quickly charge the device; lap-
top users are an impatient bunch. Third is cost: Users 
see battery packs as commodities rather than features 
that vendors can charge for. Granted, a laptop user will 
pay more for increased battery-powered work time, but 
this increased cost is often the result of clever circuit 
design and component selection rather than the inclu-
sion of a battery pack with a higher energy capacity. 
Safety comes next. Although a basic level of safety is a 
given, some level of failure is acceptable. Manufactur-
ers signaled their acceptance of a certain failure lev-
el when they began designing with lithium-ion cells, 
whose failure mode can be catastrophic.

Standard lithium-ion batteries use a cobalt oxide for 
the cathode. There are several permutations of this co-
balt alloy, such as nickel-manganese cobalt, but the key 
ingredient is cobalt, which makes for the highest en-
ergy storage in the battery. Unfortunately, it also goes 
hand in hand with a volatile chemistry. Lithium-cobalt 
chemistries are highly combustible, and cell puncture 
or drawing too much current can trigger thermal run-

away or even a fire. Although uncommon, lith-
ium-ion-cell failures were the cause for 

 Things are changing in the usually stodgy 
world of lithium-ion batteries. Two years 
ago, the laptop-battery market was the 
driving force in energy- and power-us-
age profiles for lithium-ion-battery packs 
(Reference 1). Now, cordless power tools 
rival laptops in lithium-ion-battery-mar-
ket share. In 2005, judging by laptop fea-
tures, laptop-computer vendors ranked 
the four main characteristics of a lithi-
um-ion battery in descending order: en-
ergy storage, speed of power delivery, cost, 
and safety. A fifth, environmental impact, 

 PORTABLE POWER: 
   FEATURES ABOUND,    
            THANKS TO NEW 

edn071102cs_id   46edn071102cs_id   46 11/5/2007   10:15:21 AM11/5/2007   10:15:21 AM



NOVEMBER 22, 2007  |  EDN  47

BATTERY CHEMISTRIES

edn071102cs_id   47edn071102cs_id   47 11/5/2007   10:29:07 AM11/5/2007   10:29:07 AM



the massive recall of products from Dell, 
Apple, and others.

Battery manufacturers recognize, how-
ever, that applications other than con-
sumer devices, such as laptops and cell 
phones, have different profiles, and 
these applications have driven differ-
ent features requiring different battery 
chemistries. The first challengers to lap-
tops as drivers for battery technology 
were cordless-power tools. Power tools 
still require adequate energy capacity, 
but they also need large bursts of power 
at a high current rate. Power-tool users 
will pay a premium for eliminating the 
need for an extension cord annoyingly 
following them all over their work sites 
or shops. In the past, power-tool design-
ers could get by with battery chemistry 
such as nickel cadmium, which is ad-
equate for energy storage and can sus-
tain large currents. But Europe’s recently 
enacted ROHS (restriction-of-hazard-
ous-substances) regulations ban most 
electronic equipment using heavy met-
als, such as cadmium. So, manufacturers 
can no longer sell products with “non-
green” nickel-cadmium-battery packs. 
A new requirement for cordless power is 
also battery-charge- and discharge-cycle 
life, because users discard most consum-
er-electronics battery packs after three 
years, whereas power-tool users keep 
their equipment longer.

Battery companies A123 Systems, 
Valence Technology, Altair Nano, and 
E-One Moli Energy have each developed 
a lithium-ion chemistry that uses an 
iron-phosphate-based cathode. By elimi-
nating the use of cobalt, iron-phosphate 
batteries sacrifice high energy density, 
but they gain the ability to support high-
er current and, thus, greater power. They 
also have no thermal-runaway problems. 
So, lithium-iron-phosphate batteries be-
came available just as ROHS regulations 
went into effect. Power tools 
introduced a new power-usage 
profile into battery options and 
enabled other applications. 
Robin Tichy, PhD, techni-
cal-marketing manager at bat-
tery-pack-design house Micro 
Power, gives this example of 
how applications with com-
mon power-usage profiles can 
leverage battery technology: 
“Applications that have mo-
tors tend to fit the same high-

power/high-current capability of power 
tools. Now, engineers can make a bat-
tery-powered version of a motorized ap-
plication.” For example, Valence’s lithi-
um-iron-phosphate-battery packs power 
new versions of the motorized Segway 
personal-mobility device.

All battery manufacturers are eyeing 
the enormous market potential of EVs 
(electric vehicles), HEVs (hybrid EVs), 
and PHEVs (plug-in HEVs). Unlike 
laptops, the No. 1 battery characteristic 
for any vehicle is safety. Although con-
sumers will tolerate cell-phone or laptop 
battery packs’ overheating and the—
rarely—ensuing fire, they won’t accept 
the potential explosion of tens of kilo-
watts and the resulting disaster in an EV. 
So, although lithium-ion-cobalt batter-
ies are attractive for their energy-stor-
age capability, their tendency to have 
thermal runaway has all but ruled them 
out for mainstream EVs and HEVs. An 
exception is the Tesla Motors’ Road-
ster, which has a range of more than 
200 miles and an acceleration of 0 to 
60 mph in 4 seconds. Although it will 
use a lithium-ion-cell battery pack, the 
pack has elaborate power-control and 
-monitoring electronics. In addition, 

the high-end-performance car selling 
for more than $95,000 doesn’t target 
typical consumers (Reference 2).

EVs rely completely on their batter-
ies to store energy and use it to power 
their motor-driven wheels. HEVs rely 
on a combination of an internal com-
bustion engine and a battery-powered 
motor. With the need to rapidly charge 
and discharge the battery, HEVs and 
PHEVs are closer in many ways to pow-
er tools than to laptops. PHEVs’ energy 
requirements need to meet only a mini-
mum energy capacity, in contrast with 
laptops, in which more is always better. 
PHEVs put energy density at the bot-
tom, rather than the top, of their bat-
tery-features list.

General Motors’ PHEV concept car, 
the Chevy Volt, will have an all-elec-
tric range of 40 miles. Most daily trips in 
the United States fall within this range, 
meaning that much of the car’s travel 
will be all-electric. To support this 40-
mile range, the Volt will have a 16-kW 
lithium-iron-phosphate battery. Like 
most other batteries, lithium-ion batter-
ies operate best within a state-of-charge 
window: Rather than charge the battery 
to its theoretical maximum charge and 
then run it down to a total discharge, 
the Volt will charge each night from its 
ac outlet plug to 80% of its theoretical 
maximum and then discharge down to 
30% of its maximum, resulting in a 40-
mile range. Once the battery discharges 
to 30%, then the car’s 1-liter internal 
combustion engine starts, but, rather 
than directly powering the wheels, the 
engine generates electricity to keep the 
battery charged at its 30% level (Refer-
ence 3). Lithium-iron-phosphate bat-
teries provide “good-enough” energy 
capacity and have thousands of cycles 
of rapid charge and discharge currents, 
making them an enabling technology 

for PHEVs. For these vehicles, 
power capacity trumps energy.

Similarly, the battery for an 
HEV needs to provide power 
at the expense of energy stor-
age. In city traffic, a battery 
is constantly charging or dis-
charging, and reliance on the 
battery for an extended range 
is rare. A familiar example of 
an HEV is the Toyota Prius, 
which debuted in 2004 and is 
the most common hybrid on 

LOW DISCHARGE RATE

HIGH DISCHARGE RATE

TIME

VOLTAGE
(V)

2.9

4.2

Figure 1 The curve for lithium-ion batteries illustrates a complex 
relationship based on discharge rate, age, temperature, and 
other factors.
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AT A  G LAN CE
Laptops are no longer the 

dominant application driving lithium-
ion-cell development.

Lithium-ion cells with cobalt 
cathodes provide high energy 
capacity; cells with iron phosphate 
provide high power and can sustain 
high charge and discharge rates.

Cordless-power tools are big 
players, with electric cars coming on 
strong and driving research dollars.

You can optimize for either 
energy or power—but not both.

�

�

�

�
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The new DAC8560 is a high-performance, easy-to-use DAC featuring a 2.5V, 2ppm/ºC internal reference with 0.02% initial 
accuracy. It offers breakthrough performance by keeping output transients under 1mV and <100ns during code transitions. 
For the best in performance, price and package, sample the new DAC8560 from TI.

For samples and the new Amplifer and 
Data Converter Selection Guide, visit>>

www.ti.com/dac8560
800.477.8924 ext. 4135

16-Bit
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Internal
2.5V Reference

Internal
Output Buffer

4-20mA
Output

Digital
Isolator

4-20mA
TransmitterDAC8560

Interface

High-Performance Analog >> Your Way, valueDAC, Technology for Innovators and the red/black banner are trademarks of Texas Instruments. 1964A0  © 2007 TI  

16-bit, VOUT DAC with 
2ppm/ºC Internal Reference

Device Description
Res.

(Bits)
#

Ch. Interface
Settling

Time (µs) VREF

 INL
(±) Package

Price
(1k*)

DAC8560 Ultra-low glitch, 2ppm/ºC internal reference 16 1 SPI 8 Int 4 MSOP-8 $3.50

DAC8550 Ultra-low glitch, 2’s complement input with POR to midscale 16 1 SPI 8 Ext 3 MSOP-8 $2.65

DAC8551  Ultra-low glitch, binary input with POR to zero 16 1 SPI 8 Ext 3 MSOP-8 $2.65

DAC8552  Dual channel, ultra-low glitch 16 2 SPI 8 Ext 4 MSOP-8 $5.45

DAC8554  Quad channel, ultra-low glitch, POR to zero 16 4 SPI 8 Ext 4 TSSOP-16 $10.40

DAC8555  Quad channel, ultra-low glitch, POR to zero or midscale 16 4 SPI 8 Ext 4 TSSOP-16 $10.40

DAC8564 Ultra-low glitch, 2ppm/ºC internal reference, quad, POR to zero 16 4 SPI 8 Int 4 TSSOP-16 $11.25

DAC8565 Ultra-low glitch, 2ppm/ºC internal reference, quad, POR to midscale 16 4 SPI 8 Int 4 TSSOP-16 $11.25

Applications
– Industrial control
– Closed-loop servo control
– PC peripherals
– Data aquisition systems

Features
– 2.5V internal reference; 2ppm/ºC
 stability
– INL: 4LSB, 16-bit monotonic
– Ultra-low glitch energy: 0.15nV-s
– µPower operation: 510µA at 2.7V
– Single supply: +2.7V to +5.5V
– Package: MSOP-8

Isolated 4-20mA Digitally 
Controlled Current Loop

* Suggested resale price in U.S. dollars in quantities of 1,000. Intro Q4 2007
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the road today. The Prius uses a paral-
lel-hybrid configuration, meaning that 
either the battery or the internal com-
bustion engine can power the wheels. 
In practice, the battery mainly acts as 
a power assistant and harvester for the 
Prius’ acceleration/deceleration: It can 
power the car in EV-only mode for only 
about two miles. The battery-use pro-
file of such a hybrid places a premium 
on power, rather than energy, because 
the car uses the battery to frequently 
and quickly charge and discharge, rath-
er than to fully charge and then power 
the car for a long trip. The Prius uses a 
nickel-metal-hydride battery, which in 
2004 was the optimum battery chem-
istry for repeated rapid charge and dis-
charge cycles.

Toyota is not standing still regarding 
new battery technologies, but it doesn’t 
appear nearly as confident about lith-
ium-ion-battery development as GM 
is. Toyota announced this year that it 
would introduce a hybrid with lithium-
ion batteries in 2009, but later said that 
safety concerns about lithium ion would 
delay the introduction until 2011. Al-
though Toyota has not provided any de-
tails about the type of lithium-ion-bat-

tery chemistry it’s working on, 
the safety concerns seem to 
imply that lithium-ion cobalt 
is at least one of the chemis-
tries it is investigating. This 
chemistry is also a strength of 
Toyota’s current hybrid-bat-
tery-pack supplier, Panasonic. 
However, lithium-ion-cobalt 
batteries’ strength is energy 
storage rather than power 
storage, so Toyota may lag be-
hind GM in its PHEV-battery 
development.

Vendors of lithium-iron-
phosphate batteries recognize 
this variation in power-ver-
sus-energy-capacity needs of 
EVs and HEVs. For example, 
A123 has introduced two bat-
tery types rather than a one-
size-fits-all device. The 32113 M1 Ultra 
high-power cell targets HEVs, and the 
32157 M1 HD cell uses a higher-ener-
gy-electrode design that provides great-
er battery-only range for PHEVs. Both 
battery types will deliver more than 10 
years and 150,000 miles in engineered 
automotive-battery packs. A123 is pro-
viding batteries for the GM Saturn Vue 

PHEV-development program, which 
may reach production status as early as 
2009. Users will be able to plug in the 
PHEV-version Vue at night, but the EV 
range is only approximately 10 miles.

New battery chemistries and capa-
bilities are not the only changes in por-
table power; the surrounding electron-
ics are also improving and becoming 
more complex. Accurate fuel gauging 
has for years been the Achilles’ heel of 
lithium-ion batteries. Lithium ion has 
an unpredictable discharge profile: You 
don’t know how much charge remains 
because it varies, depending on the dis-
charge rate, temperature, and life of the 
cell (Figure 1). Addressing that prob-
lem, Texas Instruments recently intro-
duced a the bq27500 battery-fuel-gauge 
IC incorporating the company’s Imped-
ance Track technology, which directly 
measures the effects of discharge rate, 
temperature, age, and other factors on 
cell impedance. The technology, which 
TI claims offers 99% accuracy, uses these 
parameters to calculate the remaining 
battery capacity and full-charge capacity 
(Reference 4).

Battery-fuel-gauge ac -curacy is more 
important in medical devices than in 
any other application. Portable medi-
cal devices require a series of warning 
flags indicating a countdown to when 
the battery will discharge, with a high-
ly accurate countdown beginning at 
30 minutes before the battery will die. In 
the past, portable medical devices have 
used sealed-lead-acid backup batteries 
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Figure 2 The XO laptop will cost $100 to $200 and 
use alternative forms of power to help in the education 
of children in developing countries.
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because they have a predictable con-
stant-slope discharge. However, Micro 
Power puts lithium-ion-battery packs 
into medical devices because the Imped-
ance Track technology allows a highly 
accurate gauging of the battery.

Alastair Johnson, vice president of 
marketing and sales for Valence, cau-
tions that designers often overlook the 
broader issue of battery-management 
electronics. “For one hybrid-bus manu-
facturer that we work with, the batteries 
are as much as 25% of the total cost of 
the vehicle, which puts battery costs sec-
ond only to the drive-system costs. De-
signers need to protect the battery system 
from any kind of stress. The 
better your battery-manage-
ment system is at monitoring 
and carrying out small ad-
justments on your pack, the 
better your extension of the 
life of the battery, and the 
better the protection of the 
customer’s ROI [return on 
investment].”

Even as laptops cease to 

be the single dominant driver of battery 
requirements, the laptop itself is chang-
ing. Take, for example, the OLPC (One 
Laptop Per Child) organization’s design 
effort. Its developers initially conceived 
the idea to provide $100 laptops to chil-
dren in Third World countries, and the 

project has had to over-
come an almost-over-
whelming array of tech-
nical challenges. For ex-
ample, how do you power 
a laptop in areas with-
out reliable power utili-
ties? The designers have 
come up with several 
options, both solar- and 
human-powered, which 

the OLPC’s XO laptop makes feasible 
(Figure 2). It consumes 2W of nomi-
nal power—a tenth of today’s standard 
laptop, according to the OLPC organi-
zation. OLPC asserts that the first alter-
native-energy source for the XO will be 
flexible thin-film solar panels from ECD 
Ovonics, rather than the more efficient 
but less rugged and more expensive 
silicon/crystalline-based solar panels. 
OLPC uses the phrase “virtually inde-
structible” when describing the panels, 
always a desirable feature for equipment 
that children use. The laptops will come 
with a manual crank from Freeplay and 
a lithium-iron-phosphate-battery pack 
from Gold Peak and BYD Batteries

What’s ahead for batteries? Lithium 
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www.samtec.com/ruggedsi
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derivatives may not be the final word 
on energy density and safety. ZPower, 
which is developing a silver-zinc bat-
tery for the consumer market, demon-
strated a prototype version powering a 
laptop at the recent Intel Developer Fo-
rum in the all-day section on comput-
ing. ZPower claims that its batteries will 
have an energy density of 200 Whr/kg 
and be completely nonflammable, with 
no nasty ingredients to end up in land-
fills. But silver is one of the most ex-
pensive battery materials. To offer these 
batteries at only a 20% or so premium 
over lithium ion, the company will es-
tablish a trade-in policy for its batter-
ies and effectively recycle all of the sil-
ver, according to ZPower President Ross 
Dueber, PhD. 

And portable energy storage is no 
longer limited to batteries. For exam-
ple, Medis offers a liquid borohydride-
powered microfuel cell, the 24-7 Power 
Pack, which can recharge small consum-
er electronics, such as cell phones and 
MP3 players. You activate the device by 
squeezing it, and it supplies 1W at 3.8 

to 5V, enough to power an MP3 player 
for 60 to 80 hours. The small, recyclable 
power pack sells for $19.99.EDN
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 M
any large telecom and datacom systems use 
multiple PCBs (printed-circuit boards) or 
blades that plug into a common backplane 
within a subrack enclosure. The backplane 
supplies the power—for example, �48 or 
12V—to these blades and to the communi-

cation path between them. Because the backplane power is 
always on, the system is called hot, or live.

A newly inserted blade begins its operation using the power 
it receives from the backplane. If the system detects a blade 
fault, you must be able to restore ser-
vice by removing the blade from its 
slot and inserting a new blade into 
the same slot without affecting the 
operation of the other blades. Hot-
swappable blades support hot swap-
ping—the removal of a blade from 
the live backplane and insertion of 
a replacement. When you insert a 
blade into a live backplane, all the 
capacitors that connect to the back-
plane on that blade begin to charge, 
drawing a large amount of current 
from the backplane. This inrush cur-
rent can result in a brownout—a mo-
mentary dip in backplane voltage—
and arcing at the connector. Exces-
sive inrush current can overload the 
backplane power supply, turning off 
the supply and affecting the opera-
tion of the remaining blades. The 
blades must therefore limit the in-
rush current during hot swapping. 
The hot-swap-controller IC is re-
sponsible for inrush-current limiting 
(Figure 1).

When you plug a card into the 
backplane, MOSFET parasitic ca-

pacitance causes current-inrush pulse to flow—typically, for 
a few microseconds. In addition, connector-contact bounce 
applies power to the blade in pulses. The hot-swap control-
ler keeps the MOSFET and the dc/dc converter off until the 
contact bounce stops. The controller then gradually turns on 
the MOSFET, using the voltage across the current-sense re-
sistor as feedback to limit the inrush current to a value less 
than the maximum-specified blade-supply current. This cur-
rent charges the hold-off capacitor until the voltage at the 
VMOSFET pin is close to �48V. At this point, the dc/dc con-

BY SHYAM CHANDRA •  LATTICE SEMICONDUCTOR

A �48V hot-swap-
controller design targets 
high-power blades
DESIGNING CIRCUITS THAT ALLOW SAFE REMOVAL AND REPLACEMENT 
OF HIGH-POWER PLUG-IN BLADES IN MODERN COMPUTING AND COMMUNICATION 
SYSTEMS IS NOT A TRIVIAL EXERCISE—ESPECIALLY WHEN THE SYSTEM SPECS 
DICTATE THAT THE OTHER BOARDS IN THE ENCLOSURE MUST CONTINUE TO 
PERFORM FLAWLESSLY DURING A BOARD SWAP. LOW-COST, PROGRAMMABLE-
HOT-SWAP-CONTROLLER ICs GREATLY FACILITATE SUCH DESIGNS, HOWEVER.

HOT-SWAP
CONTROLLER

MOSFET
RSENSE

VOLTAGE
SENSE
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VMOSFET

ENABLE

DC/DC
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HOLD-OFF
CAPACITORBACKPLANE

POWER

HOT-SWAP-CONTROL CIRCUIT

PAYLOAD
SUPPLY

BLADE-
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Figure 1 In this hot-swap controller, the ground terminal sends power to the dc/dc con-
verter through a Schottky diode. The dc/dc block is an isolated supply that generates the 
payload power-supply voltage. The dc/dc converter’s nega tive terminal connects to the 
�48V supply branch through a MOSFET switch and a current-sense resistor. The hold-off 
capacitor across the dc/dc converter stores enough charge to keep the board operational 
during backplane brownouts. The controller uses a current-sense resistor and the VMOSFET 
signal to monitor the MOSFET’s current and voltage, enabling control of the MOSFET 
power dissipation during inrush.
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verter turns on to supply the power to the payload section of 
the blade.

The hold-off capacitor keeps the board operating when the 
backplane voltage drops because of insertion of another card. 
The required hold-off capacitor’s value is directly proportional 
to the blade’s total power dissipation and how long the blade 
can operate under brownout conditions. When a brownout 
lasts longer than a predetermined limit, the condition is a 
power-supply undervoltage, and an undervoltage-lockout pro-
cess begins. Undervoltage lockout shuts off the MOSFET un-
til the backplane voltage returns to normal. A Schottky diode 
in series with the supply’s ground branch prevents reverse-cur-
rent flow from the hold-off capacitor into the backplane dur-
ing the brownout.

The hot-swap controller should also be able to detect pow-
er-supply faults, such as undervoltage and overcurrent. In both 
cases, the hot-swap controller should try to reapply power to 
the blade after the fault clears.

DESIGN CONSIDERATIONS
Not surprisingly, for designs using less than approximately 

50W of power, the hot-swap-controller circuit is simple be-
cause of the small backplane current. However, modern blades 
must increasingly dissipate more power because of their high-
er performance. For example, many ATCA (Advanced Tele-
com Computing Architecture) blades dissipate approximately 
200W. Accommodating today’s blades’ higher power dissipa-
tion requires the use of higher value hold-off capacitors and 
higher power MOSFETs.

Because the inrush-current magnitude is proportional to the 
capacitor size, increasing the hold-off-capacitor values can in-
crease the brownout period for the other blades in the enclo-
sure. To enable quick recharging of the hold-off capacitors, the 
hot-swap controller should keep the MOSFET fully turned on 
during the time just after the brownout period when the ca-
pacitor-charging current can exceed the overcurrent limit. 
During this interval, the hot-swap controller should temporar-
ily disable its current limit.

When the hold-off capacitor begins to charge, the voltage 
across it is close to 0V, and the entire backplane voltage ap-
pears across the MOSFET. Consequently, the MOSFET’s in-
stantaneous power dissipation is large. For example, a 200W 
blade draws approximately 4A of current from the �48V 
backplane during normal operation. Such a blade has an over-
current threshold of 5A, and the hot-swap controller limits 
the inrush current to this value during power-up. When the 
hold-off capacitor begins to charge, the MOSFET dissipates 
48V�5A, or almost 250W! That much power is typically be-
yond the SOA (safe-operating area) of the MOSFETs that 
control 200W blades. To avoid compromising the circuit’s re-
liability, designers must ensure that the MOSFET never oper-
ates outside its SOA.

A log-to-log scale graph shows the drain-to-source voltage 
across the MOSFET on the X axis and the MOSFET current 
on the Y axis (Figure 2). Multiple curves show safe current-
pulse amplitudes for various pulse durations. The area below 
the curve is the MOSFET’s SOA. Designers should ensure 
that the MOSFET does not operate outside the SOA, even 

during the brief start-up period. Moreover, to avoid damage to 
the MOSFET, designers should consider the device’s average 
power dissipation during normal operation.

Any number of possible circuit faults can cause a blade to 
draw large amounts of current. The fault can be on the high-
voltage side before the dc/dc converter, on the secondary side 
after the converter, or within the converter itself. If you insert 
a blade with an overcurrent fault into the backplane, the hot-
swap controller should act quickly to limit the current while 
operating the MOSFET within its SOA to minimize interfer-
ence with the other blades in the enclosure. During blade op-
eration, faults can develop either on the backplane supply or 
in the payload section. A backplane fault can last for a short 
period, as in a brownout condition, which hold-off timing de-
termines, or for a longer duration, in which the hot-swap con-
troller should wait until the fault clears before trying to recon-
nect. If the payload section of the blade draws more power 
than specified, the hot-swap controller should shut down the 
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Figure 2 Multiple curves show safe current-pulse amplitudes 
for various pulse durations. The area below the curve is the 
MOSFET’s safe operating area.
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SUPPLY

MONITOR

DIGITAL-
INPUT

MONITOR PLD

PROGRAMMABLE
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POWER-DOWN CONTROL

Figure 3 A programmable power-management device, such as 
the Lattice POWR607, has six functional blocks surrounding the 
PLD core.
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board. The following hot-swap-circuit exam-
ple addresses all of these design issues.

DESIGN EXAMPLE
The hot-swap-controller circuit in this sec-

tion uses a low-cost programmable power-
management device, such as Lattice Semi-
 conductor’s (www.latticesemi.com) POWR-
607 (Figure 3). This hot-swap circuit ad-
dresses all of the previously noted design con-
siderations. The device uses a set of six pro-
grammable-threshold comparators to moni-
tor as many as six PCB power supplies. Ad-
ditionally, the device provides seven open-
drain digital outputs. You can configure two 
of these outputs as high-voltage MOSFET drivers. Two gen-
eral-purpose digital inputs can perform miscellaneous control 
functions. The on-chip, 16-macrocell PLD and four program-
mable timers provide flexible control over the hot-swap-con-
troller algorithm. This article refers to this power-management 
device as a PHSC (programmable hot-swap controller).

In the �48V hot-swap circuit, the PHSC controls the STB-
120NF MOSFET for inrush-current control while operating 
the MOSFET within its SOA (Figure 4). The controller 
monitors the circuit current using the current-sense resistor. 
Two 43/3.3-k� voltage dividers enable the PHSC to moni-
tor the backplane voltage and the voltage across the MOS-
FET. The 6V zener diode protects the PHSC’s input section. 
When you plug the blade into the backplane, the PHSC waits 
for the contact bounce to settle and then begins to charge the 

hold-off capacitor using current pulses in-
stead of a continuous-current feed. You can 
program the current-pulse rate to meet the 
MOSFET’s power-dissipation characteris-
tics. When the voltage reaches a preset val-
ue, the current-pulse rate increases, hasten-
ing charging of the hold-off capacitor.

After the hold-off capacitor completely 
charges, the MOSFET fully turns on and 
the power-good signal activates, enabling 
the dc/dc converter. The PHSC’s two volt-
age-monitoring inputs monitor the voltage 
across the MOSFET. The fast-charge duty-
cycle threshold programmed into the first 
voltage-monitoring input determines the 

changeover from slow to faster hold-off-capacitor charging. 
The end-of-soft-start threshold programmed into the second 
voltage-monitoring input signals completion of hold-off-ca-
pacitor charging and fully turns on the MOSFET.

The PHSC waits for a preset period, which the short-cir-
cuit watchdog timer determines, for the voltage across the 
MOSFET to drop below the fast-charge threshold. If the volt-
age across the MOSFET stays above the fast-charge level, the 
MOSFET turns off, indicating a fault, such as a short circuit. 
With this implementation, the MOSFET continues to oper-
ate within its SOA, even if a short circuit is present.

During normal operation, when the backplane voltage 
drops below a preset threshold, the PHSC senses the begin-
ning of a brownout period and starts an internal programma-
ble 5-msec time-out. If the power supply recovers within 5 
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Figure 4 In this �48V hot-swap circuit, the PHSC controls the STB120NF MOSFET (bottom right) for inrush-current control and 
operates the MOSFET within its safe operating area. The controller monitors the circuit current using the current-sense resistor (to 
the left of the MOSFET). Two 43/3.3-k� voltage dividers enable the PHSC to monitor the backplane voltage and the voltage across 
the MOSFET. The 6V zener diode protects the PHSC’s input section.
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msec, the circuit continues to function normally. 
If the time-out expires, the hot-swap controller 
classifies the event as an undervoltage condi-
tion and jumps to the power-recycle routine, in 
which it waits for the supply to stabilize before 
initiating a hold-off-capacitor recharge. During 
normal operation, the PHSC also continuous-
ly monitors current; should the current exceed 
a preset limit, the PHSC protects the circuit by 
immediately turning off the MOSFET.

Figure 5’s top trace shows 5-msec-long, 1.5A 
current pulses charging the hold-off capaci-
tor. The bottom trace is the voltage across the 
MOSFET during charging of a 4700-�F hold-off 
capacitor. Two of the PHSC’s MOSFET driv-
ers drive the MOSFET gate. One maintains 
the current amplitude at 1.5A; the second con-
trols the modulation rate. This circuit deliber-
ately limits the modulation rate to one 5-msec 
pulse every 260 msec. During a short circuit, the MOSFET’s 
worst-case average power dissipation could thus not exceed 
1.5A�48V�5 msec/260 msec�1.4W.

CUSTOMIZING THE PHSC
You can implement the entire hot-swap algorithm within 

the PHSC’s 16-macrocell PLD. You can customize this algo-

rithm to suit your blade requirements by setting the following 
parameters:

• Short-circuit watchdog duration: If the hold-off capaci-
tor does not charge in the specified period, the MOSFET 
shuts off.

• Charging-current-pulse duration: The selected pulse width 
guarantees that the MOSFET operates within its SOA.
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Figure 5 The top trace shows 5-msec-duration, 1.5A current pulses charging 
the hold-off capacitor. The bottom trace is the voltage across the MOSFET 
during charging of a 4700-�F hold-off capacitor. Two of the controller’s 
MOSFET drivers drive the MOSFET gate. One maintains the current amplitude 
at 1.5A; the second controls the modulation rate.
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• Charging-current-pulse frequency: This parameter, along 
with the charging-current-pulse duration, determines the 
power dissipation for a MOSFET.

• Minimum hold-off time before recycling: This parameter 
determines the blade’s immunity to brownouts.

• Current-sense scaling: This parameter should match the 
selected RSENSE resistor.

• Charging-current-pulse amplitude: The RSENSE resistor 
value determines this parameter.

• Circuit-breaker current: This parameter is the maximum 

current value to initiate shutoff and 
restart.

• End of soft-start operation: This 
parameter sets the voltage at which 
the MOSFET fully turns on and the 
power-good signal activates.

• Transition to fast-charge duty 
cycle: This parameter determines the 
voltage at which the charge-pulse frequency increases to safely 
reduce the hold-off-capacitor charging time.

• Minimum operating voltage: This 
parameter determines the backplane 
voltage below which the brownout pro-
cess begins.

• Overvoltage lock down: This param-
eter shuts off the MOSFET to protect 
the blade.

Increased blade capability is increas-
ing blades’ power consumption, impos-
ing stringent requirements on hot-swap-
controller circuits. Without significant 
trade-offs, traditional hot-swap-control 
approaches with limited features no lon-
ger meet the requirements of high-power 
blades.

Using a Lattice POWR607 PHSC IC 
increases the blade’s reliability and pro-
vides many programmable features that 
enable designers to meet the challeng-
es of increased blade-power dissipation. 
This design ensures that the MOSFET 
operates within its SOA even in the 
presence of a short circuit in the blade. 
Improved immunity to brownouts, over-
current and overvoltage protection, and 
automatic retry in case of faults further 
enhance the blade’s reliability. In ad-
dition, minimizing interference with 
other blades in the subrack enclosure 
makes the blade more amenable to hot 
swapping. By using a device such as the 
POWR607 and customizing its algo-
rithm to satisfy individual PCB-power 
requirements, designers can standardize 
hot-swap-controller architecture across 
many blade types.EDN
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Because of the performance of 
compressors and other induc-

tive loads, it becomes more important 
to monitor the distortion on a power 
line. With alternative power sources, 
such as wind or solar, a distorted 60-Hz 
sine wave is more likely to be present. 
To measure this distortion, you can 
use a mixed-signal-THD (total-har-

monic-distortion) analyzer to monitor 
the fundamental frequency amplitude 
and the second-, third-, fourth-, and 
fifth-harmonic content of the input 
signal. The analyzer, from Mixed Sig-
nal Integration (www.mix-sig.com) 
includes five bandpass filters and two 
op amps. The op amps provide gain 
and continuous-time filtering. The 
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Wireless connectivity is a grow-
ing trend in portable consumer 

gadgets. Unfortunately, designs cannot 
achieve true mobility because of short 
battery life, so the power cord still must 
connect the device to the power grid 
to get the required energy or to re-
charge the batteries. However, thanks 
to the low-power requirements of to-
day’s electronic devices, it is feasible 
to power them wirelessly. This Design 
Idea describes a simple approach to 
wirelessly transmitting energy to low-
power devices at distances as great as 
10 cm. This design uses the resonant-
inductive-coupling principle working 
at 13.56 MHz. The system comprises 
the RF-power transmitter and the RF-
power receiver.

Figure 1 shows the transmitter cir-
cuit, which incorporates a 13.56-MHz 
oscillator. The oscillator encompasses 
a CMOS 4069 inverter using power 
from a 9V battery to get a wide volt-
age swing. The oscillating signal then 
passes through a push-pull output stage 
comprising two small-signal MOSFETs 
to get enough current in the output 
coil. Finally, the output signal broad-
casts to the outside by means of a se-
rial-resonant-LC circuit incorporating 
a coil and a 60-pF variable capacitor 
tuned to 13.56 MHz.

Figure 2 shows the receiver circuit, 
which comprises an LC network tuned 
to a carrier frequency of 13.56 MHz. 
It includes a coil and a 60-pF variable 
capacitor in parallel with the coil. A 
full-bridge rectifier comprising four 
1N4001 diodes rectifies RF power. Rec-
tification efficiency is approximately 

designideas

analyzer also has digital-gain control 
for measurements in which the input 
amplitude is 10 or 20 dB lower than 
nominal: 2V p-p. The outputs of the 
analyzer are analog. Depending on the 
display that an application requires, 
you could tie the outputs to a bar-
code interface, such as the LM3915 
for 3-dB steps, or interface them with 
a multiplexer on a microcontroller for 
a digital readout. 

Figure 1 shows the connections of 

the analyzer to the mains supply. A 
“wall-wart” transformer reduces the 
120V mains voltage to 9V ac. This 
transformer provides 1500V isola-
tion from primary to secondary and 
has low-distortion performance. The 
resistors in the divider act as fuses in 
case of a large surge voltage, and they 
reduce the voltage you apply to the an-
alyzer. The back-to-back diode clamp 
protects the analyzer during momen-
tary overvoltage conditions. In addi-

tion, a 220V MOV (metal-oxide va-
ristor) across the transformer’s primary 
protects the transformer. The analog 
ground centers on 2.5V and is de-
rived from a 100-k� resistor-divider 
network. A 0.1-�F capacitor provides 
ac filtering. A 74HC4060 operates 
at 15.360 MHz; the divide-by-4096 
(Q12) output connects to the analyz-
er’s input-clock signal and supplies the 
clock for the device’s switched-capaci-
tor filters.EDN

�

Figure 1 A simple 13.56-MHz oscillator energizes an antenna coil, broadcast-
ing power to the receiving circuit in Figure 2.

Wireless “battery” energizes 
low-power devices
Carlos Cossio, Santander, Spain
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The solid-state data recorder in 
Figure 1 can continuously re-

cord the temperature for approximately 
178.42 hours, or 7.434 days. The LM-
35DZ transducer converts the temper-
ature to an analog-voltage equivalent. 
The analog voltage then goes to the 
HI5812 ADC, and the digital data gets 
stored in the nonvolatile DS1270W 

SRAM at a rate of 3.265 samples/sec. 
To retrieve the analog signal, the digi-
tal data in memory goes to the DAC08. 
The output of the DAC then goes to 
the current-to-voltage converter, then 
to analog switch MC14066, and finally 
to the output buffer. The address gener-
ator is a simple counter, the MC14040. 
A record-and-play circuit uses an 

MC14049, and analog switches control 
the read and write states of the nonvol-
atile SRAM. A 10-k� potentiometer 
sets the reference voltage of both the 
ADC and the DAC.

Pressing and releasing the reset but-
ton once causes the recording or play-
ing to start from the beginning of the 
memory location; the recording or play-
ing function depends on the position of 
the record-and-playback switch. If you 
close the record-and-playback switch, 
recording takes place; if the switch is 
open, playing occurs.EDN

designideas

50%. Reaching 3.3V of output voltage 
requires a 9V p-p ac voltage across the 
coil’s pins. A shunt regulator incorpo-
rating a 3.3V zener diode provides volt-
age clamping beyond 3.3V to prevent 
power-level variations with distance. 
Finally, a 1-nF capacitor after the full-

bridge rectifier decouples the power 
supply. The two coil antennas use five 
turns of 1-mm enameled-copper wire 
in a rectangular, 50�60-mm shape.

As an improvement, if your appli-
cation requires greater distance, you 
can increase the power supply to 15V 

to get a greater voltage swing on the 
transmitter coil, thanks to the CMOS 
technology the oscillator design em-
ploys. In addition, designing a larger-
coil antenna in the transmitter and the 
receiver sides helps to increase the dis-
tance of operation.EDN

Solid-state analog-data recorder 
runs for 7.4 days
S Vinay Kumar, Mysore, India
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Figure 1 This solid-state data recorder uses an ADC to digitize data, which gets stored in a nonvolatile SRAM. To read back the 
analog data, the memory’s contents shift to a DAC, depending on the state of the record-and-playback switch.

edn071102di_id   72edn071102di_id   72 11/6/2007   3:24:48 PM11/6/2007   3:24:48 PM



INDUSTRY’S FIRST INTEGRATED
MESFET BIAS CONTROLLERS

Dual MESFET Bias Control for Class A and Class AB Amplifiers

+ = Lead-free

♦ Drain-Current Adjustment Independent of
MESFET Drain Supply

♦ SRAM-Based Lookup Tables for
Temperature and Drain-Current
Compensation Control

♦ ±0.1% Current-Sense Amplifier Accuracy 
♦ Low 250nV/√Hz Gate-Bias Noise

♦ ±10mA Gate Drive with Fast Clamp Protection
♦ Internal Temperature Sensor/Dual Remote-

Diode Temperature Sensors
♦ Internal 12-Bit ADC and 12-Bit DAC
♦ Selectable I2C-/SPI™-Compatible Serial 

Interface

Part Temp Range
(°C) Bias Mode

Common-Mode, Sense-
Resistor Voltage Range

(V)
Package

MAX11014BGTM+ -40 to +105 Class A 0.5 to 11 48-TQFN
MAX11015BGTM+* -40 to +105 Class AB 5 to 32 48-TQFN

SPI is a trademark of Motorola, Inc.
*Future product—contact factory for availability.

SERIAL
INTERFACE

AND
SRAM

LOOKUP
TABLES

GATE-DRIVE
AMPLIFIERS

POWER
MESFET

CURRENT-SENSE
AMPLIFIERS

12-BIT
ADC

VDD1

RS1

RS2

VDD2

MAX11014
MAX11015*

CLASS A OR 
CLASS AB 

BIAS 
CONTROL

12-BIT
DAC

www.maxim-ic.com

1-800-332-86381-800-777-2776
ARROW ELECTRONICS, INC.

1-888-MAXIM-IC

™DIRECT

FREE A/D Converters 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.

EDN071102_ADS.indd   73EDN071102_ADS.indd   73 11/5/2007   4:00:14 PM11/5/2007   4:00:14 PM



74  EDN  |  NOVEMBER 22, 2007

This Design Idea builds on a 
previous one (Reference 1) to 

realize a precision peak detector with a 
bandwidth of 15 to 30 MHz or more, 
depending on the maximum input-sig-
nal level of your application. The cru-
cial feature of this Design Idea is an 
ultrafast comparator that provides the 
high slew rate and low propagation 
delay that this application requires. The 
comparator in this design is the Analog 
Devices (www.analog.com) AD8561, a 
7-nsec device (Reference 2). This peak 
detector provides accuracy from 100 Hz 

to more than 14 MHz at input-signal 
levels of 100 mV p-p to 6V p-p. At 
higher frequencies, the maximum us-
able input-signal level decreases. The 
circuit exhibits an accuracy of �3% 
over much of the input-level range. 
Also, its high input impedance of about 
100 k� in parallel with 3 pF does not 
significantly load the circuit under test 
in many applications; 3 pF results in an 
impedance of 3.5 k� at 15 MHz.

Referring to Figure 1, the high-
input-impedance buffer comprising IC1 
and its associated components provides 

the ac signal to the ultrafast compara-
tor, IC3. The output of IC1 centers on 
0V dc by the action of op amp IC2A and 
its associated components, which sam-
ple the dc level at Pin 6 of IC1 and then 
provide a dc-correction voltage to Pin 3 
of IC1. This action virtually eliminates 
the effects of IC1’s input-offset voltage 
and input-bias currents. R1, R4, and C1 
provide a small amount of gain boost as 
the frequency increases to 25 MHz, and 
C5 then begins to roll off the gain.

The input signal capacitively couples 
to the input buffer, so, for proper opera-
tion, the input-ac signal must have a 
symmetrical waveform, such as a sine 
wave. An unsymmetrical waveform has 
a shift in its peak value after passing 
through C2, and, as a result, the output 
of the peak detector will be inaccurate. 

designideas

Wideband peak detector operates 
over wide input-frequency range
Jim McLucas, Longmont, CO
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The output of comparator IC3 swings 
high when the input at Pin 2 is higher 
than the dc level at Pin 3. This action, 
in turn, charges holding capacitor C19 
through R17, D4, D5, D6, and R23. When 
the voltage on C19 is higher than the 
peak signal level at Pin 2 of IC3, the 
comparator stops providing charging 
pulses at its output. At equilibrium, 
the comparator provides output pulses 
with the correct amplitude and width 
to maintain the voltage on C19 at ap-
proximately the peak level of the input 
signal. The high-input-impedance dc 
buffer, IC2B, minimizes the discharging 
of C19 between charging pulses.

The network comprising R24, R25, 
and C20 filters and attenuates the dc 
output by 2.1%. This attenuation is 
necessary because the output tends 
to be slightly higher than the actual 
peak level of the input signal at Pin 3 
of IC1. The circuitry comprising IC2C 
and its associated components provides 
a novel feature: a voltage boost at Pin 
14 of IC2C as the voltage on holding 
capacitor C19 increases. The circuitry 

then applies this voltage boost to R16, 
which in turn causes the voltage swing 
at the junction of R16 and R17 to in-
crease as the charge on C19 increases. 
This action causes the amplitude of 
the pulses driving D4 to increase. This 
action maintains a relatively constant 
drive to C19 as its charge increases.

Diode D1 keeps the voltage at the 
output of IC3 from exceeding its sup-
ply voltage. Diode D2 keeps the boost 
voltage from going to a large negative 
level at start-up, which could cause the 
circuit to latch up. The switching ac-
tion of the comparator and diode D3 
prevents latch-up due to a large posi-
tive-boost transient. This circuit ex-
hibits no indication or tendency for 
instability. The maximum input signal 
is 6V p-p because of the input com-
mon-mode-voltage specification of the 
AD8561 comparator. The supply volt-
ages for the input buffer are �6.5V to 
avoid the possibility of severely over-
driving the comparator.

You can improve the precision of the 
circuit by substituting a 100-k� poten-

tiometer for R4 to provide an output-
level adjustment, and a dc-offset ad-
justment would improve accuracy at 
low signal levels.

This circuit used a 300-MHz-band-
width oscilloscope to make the per-
formance measurements. As a result, 
the data in Table 1, which is avail-
able in the online version of this De-
sign Idea at www.edn.com/071122di1, 
may include some measurement er-
rors. Therefore, take the results in the 
table as representing the circuit’s per-
formance rather than as precise data. 
The data is simply the result of the 
best equipment on hand when the 
measurements were made.EDN

R E FE R E N CE S
 McLucas, Jim, “Precision peak 

detector uses no precision compo-
nents,” EDN, June 10, 2004, pg 102, 
www.edn.com/article/CA421510.

 “AD8561 ultrafast 7 ns single 
supply comparator,” Analog Devices, 
www.analog.com/UploadedFiles/
Data_Sheets/AD8561.pdf.

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

2

1

edn071102di_id.indd   76edn071102di_id.indd   76 11/6/2007   3:38:55 PM11/6/2007   3:38:55 PM



Family of High-Effi ciency, Full-Featured 

PowerWise®  Synchronous Buck Regulators 

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

Integrated Features for Optimized Power Supply Designs 

LM20xxx Family Features

• External soft-start

• Tracking

• Precision enable

• Power good

• Pre-biased start-up

• Enhanced system reliability

 - High accuracy current limit

 - Over-voltage protection, under voltage 
  lockout, and over-current protection

• Available in eTSSOP-16 packaging

LM20145

VIN

EN

AVIN

COMP

RT

FB

PGOOD

VCC

SS/TRK

VIN VOUTSW

Product Number VIN (V) IOUT SYNC IN Frequency Adjust SYNC OUT Frequency

LM20123 2.95 to 5.5 3 1.5 MHz

LM20133 2.95 to 5.5 3 Sync

LM20143 2.95 to 5.5 3 500 kHz - 1.5 MHz

LM20124 2.95 to 5.5 4 1 MHz

LM20134 2.95 to 5.5 4 Sync

LM20144 2.95 to 5.5 4 500 kHz - 1.5 MHz

LM20154 2.95 to 5.5 4 1 MHz

LM20125 2.95 to 5.5 5 500 kHz

LM20145 2.95 to 5.5 5 250 kHz - 750 kHz

LM20242 4.5 to 36 2 250 kHz - 750 kHz

75

80

85

90

95

100

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

E
ffi

c
ie

n
c

y

LM20145

Competitor

eTSSOP-16 

32mm2

Effi ciency vs Output Current (VIN = 5.0V, VOUT = 3.3V, fSW = 500 kHz)

Highest Power Density 5A Regulators

Feature Options

• Fixed and adjustable switching frequency

• Clock synchronization in

• Clock synchronization out

Ideal for powering FPGAs, DSPs, and microprocessors 
in servers, networking equipment, optical networks, and 
industrial power supplies

 For FREE samples, datasheets and more visit:

national.com/switcher

Or call: 1-800-272-9959

national.com/switcher

AD465_LM20145.indd 1 10/22/07 9:58:58 AM
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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

EDN071102_ADS.indd   78EDN071102_ADS.indd   78 11/5/2007   4:03:14 PM11/5/2007   4:03:14 PM



Switch-mode regulator 
suits military applications

Part of the vendor’s family of 
�Module dc/dc regulators target-

ing rugged military and avionics appli-
cations, the 10A LTM4600HVMPV-
encapsulated switching dc/dc-regula-
tor system provides a �55 to �125�C 
temperature range. A built-in inductor 
in the synchronous step-down regulator 
supports power components and com-
pensation circuitry. Operating from a 
4.5 to 28V input-supply range, the de-
vice regulates a 0.6 to 5V output voltage. 
The regulator delivers a 10A continu-
ous-load current and a 14A peak-load 
current and claims 92% efficiency. The 
device requires only input and output 
bulk capacitors and a resistor for setting 
output voltage, allowing for a simplified 

POLA modules have a wide input range
The PMN and PMP series point-of-load modules provide an interoperable sec-
ond source in accordance with POLA (Point-of-Load Alliance) specifications. 

The PMN 5118U has a 4.5 to 5.5V input-voltage rating with 0.7 to 3.6V at 30A. 
The PMN 8118UW features a 5.5 to 14V input-voltage rating with 0.7 to 3.6V at 
30A. The PMP 5818UW provides a 4.5 to 14V input-voltage rating with 0.7 to 5.5V 
at 16A. The PMP and PMN series POLA modules cost $10 and $15, respectively.
Ericsson Power Modules, www.ericsson.com

POWER SOURCES

�

productroundup P E R S P E C T I V E

© 2007 Mentor Graphic Corporation. All Rights Reserved.

Turn your next PCB design

into a vision of the artist 

within when you use the PADS

complete PCB solution.

If you're looking for a way to

reflect your true inner genius,

PADS offers an easy-to-use,

intuitive, and powerful solution

to help you create your

next PCB masterpiece — at a

most affordable price.  To  look

deeper into the world around

you, download our latest 

tech paper at

www.mentor.com/rd/padspaper3

or call 800.547.3000

PADS® PCB Design Solutions

MRKT0815 3rdVertical_PADSescherEPage 1 2/28/07 3:07:27 PM

design. Available in a 15�15�2.8-mm 
military-plastic LGA package, the LTM-
4600HVMPV costs $36.95 (1000).
Linear Technology, www.linear.com

�

Power module targets 
military dc/dc systems

The vendor’s VPTPCM-12 pre-
conditioned-power-module series 

suppresses transient voltages in dc/dc-
power systems. Features include 600V-dc 
transient suppression, 120W output pow-

er from a single 
unit, and an input 
range that pro-
vides 12 and 28V 
dual nominal-in-
put voltages. The 
device suits mili-

�
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Intersil – Switching Regulators for precise power delivery.
©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 Battery Management

Free Yourself.

Intersil’s Li-Ion/Li-Polymer Battery 
Charger provides 28V protection for 
both cradle AND USB charging.

ISL9214 Key Features:
28V protection for both cradle and USB 
input allows users to utilize low-cost, large 
output tolerance adapters.
Charge current ThermaguardTM protects IC 
against over-temperature events.
Programmable charge current/end-of-
charge current allows designer to customize 
to exact requirements.
Fixed 380mA USB charge current prevents
exceeding USB max charge current.

The ISL9214 allows the flexibility to use either 
fast-charging rates of an AC adapter or the 
convenience of a USB charger.
Cradle Input: The max input voltage tolerance 
is 28V, programmable end-of-charge current, 
and the included end-of-charge latch is the 
default input source.
USB Input: Takes input from USB port or 
other low-voltage supply, fixed charge current 
at typically 380mA, and only charges when 
cradle source is not connected.

End-of-charge indicator is latched, based on 
completed charge.
When the battery voltage falls below minimum 
spec, the charger operates with a trickle 
charge current of 14% of the programmed 
cradle input or at 53mA for USB power.

Go to www.intersil.com for samples, datasheets and support 
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tary-standard-1275 requirements for ve-
hicles and 704 requirements for avionics. 
Measuring 2.35�1.55�0.465 in., the 
VPTPCM-12 line-conditioning module 
costs $269.
VPT, www.vpt-inc.com

Fuel gauge combines 
a lithium protector and 
SHA-1 authentication

Integrating a one-cell lithium pro-
tector and SHA-1 authentication, 

POWER SOURCES

productroundup SIMULATE IT.

The secret to successful 
high-speed PCB design.

Simulate fast driver edges and 

new bus technologies with 

HyperLynx® – the most 

widely used high-speed PCB 

simulation software. 

HyperLynx provides both 

pre- and post-layout analysis 

of signal integrity, flight times, 

crosstalk, multi-gigabit 

SERDES technologies and 

EMC, and is compatible 

with all major PCB design 

flows, including PADS.

To find out more, download 

the latest hands-on 

high-speed tutorial from 

www.mentor.com/rd/tutorial

 or call 800.547.3000.

© 2006 Mentor Graphics Corporation. All Rights Reserved.

®

MRKT0882 HyperLynxSimulateItAd_EPage 1 7/5/07 4:26:40 PM

Quarter-brick dc/dc 
converters have a high- 
and flat-efficiency curve

Providing a high- and flat-efficien-
cy curve, the iQE quarter-brick 100 

to 200W isolated dc/dc converters suit 
high operating efficiency over a range 
of load conditions. The devices claim a 
90% typical efficiency over a 20 to 100% 
load range of the maximum-rated cur-
rent; this efficiency is flat for 80% of the 
power curve. Features include 18 to 36 
or 60 to 75V-dc input-voltage ranges and 
3.3, 5, 8, 12, or 15V-dc output voltages 
with a �10% user-adjustment range. 
Prices for the iQE converter series start 
at $51.50 (100).
Lambda Americas, www.lambdapower.
com

�

15W converter series 
has a small metal footprint

Suiting low-power board-mount-
ed designs, the 15W JTH15 dc/dc-

converter series accommodates a 4-to-1 
ratio for 9 to 36 or 
18 to 72V-dc in-
put-voltage rang-
es. The single-out-
put device comes 
with 3.3, 5, 12, or 
15V rails, and the 
dual version has 

�5, �12, or �15 outputs. Providing a 
1500V-dc input-to-output isolation, the 
models also include �0.5% line regula-
tion and �0.5% load regulations at a 10 
to 100% load. Available in a 2�1-in. 
metal footprint, the JTH15 converter 
costs $32.50.
XP Power, www.xppower.com

�

the single-cell DS2784 stand-alone fuel 
gauge fits on the side of a prismatic-bat-
tery cell. The device combines a pre-
cision analog front end for measuring 
current and voltage with an embedded 
fuel-gauge algorithm. The fuel gauge 
estimates available capacity based on 
coulomb count, discharge rate, tem-
perature, and cell characteristics. The 
lithium protector monitors for cell over-
voltage, undervoltage, overcurrent, and 
short-circuit conditions. Available in a 
3�3-mm TDFN package, the DS2784 
fuel gauge costs $2.94 (1000).
Maxim Integrated Products, www.
maxim-ic.com

�

Security device comes 
in two enclosed platform 
and motherboard versions

The PL-01039 1U rack-mount, 
high-performance security plat-

form and the MB-09042 motherboard 
support single Intel Dual-Core Xeon LV/
ULV processors with a 667-MHz front-

EMBEDDED SYSTEMS

side bus. Features include two Ethernet 
modules with eight GbE (Gigabit Eth-
ernet) ports; LAN modules with four 
to eight ports of copper, fiber, or mixed 
media; and support for four GbE Intel 
82571EB PCIe (PCI Express) �4 and 
four GbE Intel 82573L PCIe �1. The 
eight GbE SFP (small-form-factor-plug-
gable) or copper ports with the optional 

�
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bypass function on four ports are acces-
sible from the front panel. Front-panel 
access provides a USB 2 port, an RS-232 
serial port, an LCM (liquid-crystal mod-
ule), a four-button keypad, a 32-bit PCI 
connector, and a Mini PCI socket. The 
PL-A1039 with eight copper ports and 
four ports with the bypass-function LCM 
costs $897. The PL-B1039 with four cop-
per ports and four SFP ports with the by-
pass-function LCM costs $948. The MB-
09042 motherboard with Intel Dual-
Core Xeon and 8 GbE costs $333.
WIN Enterprises, www.win-
enterprises.com
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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.

product
mart

This advertising is for new 
and current products.
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M-Module features 
upgraded analog output 

Improved analog-output perform-
ance with four grounded-voltage 

or -current channels gives the M37N M-
Module a less-than-8.5-�sec acquisition 
time. Features include a �10 to �10V 
voltage range, a 0- to 20-mA output-cur-
rent range, and 16-bit voltage resolution 
with 0.1% accuracy. Targeting automat-
ed test environments, process-control 
systems, and sensor-measurement appli-
cations, the M37N costs $932.
MEN Micro, www.menmicro.com

�

Development tool pro-
vides a graphical view 
of real-time-system events

The TraceX host-based embed-
ded-development tool enables vi-

sualization of real-time systems. The 
device allows developers to see system 
events, such as interrupts and context 
switches, occurring out of view of stan-
dard debugging tools. Targeting the 
vendor’s ThreadX RTOS, the develop-
ment tool collects a database of system 
and application events on the target sys-
tem during runtime. The events include 
thread-context switches, pre-emptions, 
suspensions, terminations, and system 
interrupts, all of which generally es-
cape detection in a standard debugging 
environment. Logging the events in the 
database using the ThreadX under-con-
trol program, the product features time-
stamping and active-thread identifica-
tion so that the events display in the 
proper time sequence. Suiting use on 

�
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Windows hosts, the TraceX costs $1000 
for all target architectures that ThreadX 
supports.
Express Logic, www.expresslogic.com

EMBEDDED SYSTEMS

productroundup

GbE board has 
four copper ports

Targeting wireless- and storage-
networking equipment, the LAN 

AdvancedMC board with a native PCI 
Express design offers four GbE (giga-
bit-Ethernet) copper ports. The vendor 
bases the board on two Marvell Yukon 
88E8062 GbE controllers. The quad-port 
LAN AdvancedMC board costs $1011.
One Stop Systems, www.
onestopsystems.com

PADS resellers are full-service

companies that provide sales,

tech support and customized

services in your region. These

resellers are our partners; they

understand your needs and

can help you grow your

business. PADS resellers provide

solutions that will improve the

quality of your designs on time

and within budget. Visit

www.mentor.com/rd/buypads

or call us at 800.547.3000

to find your local reseller.

Copyright 2005 Mentor Graphic Corporation. All Rights Reserved.

Mentor Graphics is a registered trademark of Mentor Graphics Corporation.

All other company and/or product names are the trademarks and/or

registered trademarks of their respective owners. 

PADS
IT’S EVERYWHERE

PADS® and HyperLynx®

Available through Value Added Resellers

PADS THIRD DIST.ai 10/24/05 9:07:15 AM

CompactPCI enclosure 
has built-in system 
monitoring

Providing redundancy and hot-
swap ability, the Type 39 Com-

pactPCI enclosure also includes built-in 
system monitoring. The Type 39c chas-
sis features a 3U 4 hot-plugging config-
urable system monitor with Ethernet, 
RS-232, Web, and CLI (command-line-
interface) capabilities. The device moni-
tors as many as eight voltages, 12 fan-fail 
signals, eight temperature sensors, and 
the speed of the fans, depending on the 
temperature buildup. Additional features 
include a CompactPCI or PICMG 2.16-

compliant backplane in as many as eight 
slots. The backplanes have three plugga-
ble, 47-pin connectors for hot-swapping 
power supplies for a 500W, N�1 device. 
The Type 39c chassis family costs less 
than $700, depending on configuration 
and options.
Elma Electronics, www.elma.com

�
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That great meat grinder of the consumer-elec-
tronics industry, the CES (Consumer Electronics 
Show), will struggle to life and lumber about Las 
Vegas Jan 7 through 10. As always, the show 
offers an enormous range of exhibits, special-
interest tracks for everyone from investors to 
electronics retailers to development engineers, 
and an exhausting array of speakers. Indicative, 
perhaps, of the growing interest in develop-
ing economies as the next growth markets 
for consumer electronics, 
a program track will study 
“technology and emerging 
countries: advancing devel-
opment through technol-
ogy investments.” Nicholas 
Negroponte, co-founder of 
the Massachusetts Institute 
of Technology’s (www.mit.edu) 
MIT Media Lab and founder 
of the OLPC (One Laptop Per 
Child) project (http://laptop.
org), will deliver a keynote 
address for this track.
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CHART YOUR COURSE

LOOKING AHEAD
A new process developed by Philco Corp pro-
duces transistors capable of operating through 
the entire VHF and part of the UHF spectrum. 
MADTs (micro-alloy diffused-base transistors) 
operate at switching speeds comparable to the 
speed of light, speeding logical computational 
performance of computers. Reports indicate that 
the units are a large advance in the capability of 
transistors and will provide high performance for 
radar IF amplifiers, wideband-video amplifiers, and 
other circuitry. MADTs incorporate the same elec-
trochemical techniques as surface-barrier transis-
tors.—Electrical Design News, November 1957

Research reports from IMEC (Interuniversity Microelectronics 
Center, www.imec.be) last month showed how much funda-
mental progress researchers are making in applying the tools 
of microelectronics and nanofabrication to the problem of inter-
facing electronics directly to living cells. Process scaling has 
advanced so far that IC features are now small enough to inter-
act with portions of cells. And understanding of both how to cre-
ate nanostructures and how to bind inanimate objects to organic 
molecules is increasing rapidly. The result could be a revolution 
in the way we interface to, diagnose, and treat living creatures—if 
we can educate young scientists and engineers in a blend of 
two historically antagonistic disciplines (see “IMEC research 
explores the chip/cell interface,” EDN, Oct 26, 2007, www.edn.
com/article/CA6494779).

LOOKING BACK

LOOKING AROUND

AT THE CONVERGENCE ZONE BETWEEN 
NANOELECTRONICS AND BIOTECHNOLOGY

EDITED BY RON WILSON

TO THE CONSUMER 
ELECTRONICS SHOW 

AT THE NEVER-ENDING EFFORT TO 
SPEED UP TRANSISTORS
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© 2007. Samsung is a trademark of Samsung Electronics Company, Ltd. All other trademarks are the property of their respective owners.

Pick a mobile device, any mobile device
Samsung’s got the logic technology you need to create it 
As a leader in mobile technologies and solutions, Samsung’s System LSI team is your ideal design partner, 

whether you’re creating a sleek new smart phone, PDA, personal navigation device, portable media player or other 

advanced handheld device. 

Our diverse offerings include:

• Cutting-edge process technology

• Large-scale manufacturing capacity

• Local engineering support and design teams

From concept to design, Samsung can help you every step of the way.  

See how Samsung components can bring your design to life.
www.Samsung.com/semi/Mobile
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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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