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We’re giving power a 

        digital upgrade.

Experience Digital PFC. Register for free samples at www.cirrus.com/ednpfc

Cirrus Logic’s CS1500 and CS1600 are the industry’s fi rst Digital Power Factor 

Correction (PFC) ICs to surpass ordinary analog solutions in performance and price. 

Enabled by Cirrus Logic’s EXL Core technology, these digital solutions intelligently 

solve traditional power management challenges with newly patented and patent 

pending designs that dramatically reduce the need for bulky, high-priced components 

and complex circuitry, lowering overall system cost and simplifying designs. Cirrus 

Logic now makes it possible for more energy-effi cient power supplies in digital 

televisions, notebook adapters, PC power supplies and lighting ballast applications 

through advanced digital technology that creates smarter, greener, and more energy-

effi cient products.

Find out how our new Digital EXL Core™ technology

is redefi ning Power Factor Correction ICs.
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Microsoft Dynamics® ERP fits your company and business processes, not the other way around.  
It gives your people easier access to real-time actionable customer information for better 
decision-making and higher ROI. As a result, Spy Optic increased their same-day shipment rate 
from 50% to 100%.
 
To learn more about the efficiencies Microsoft Dynamics ERP can create for your business, 
go to microsoftdynamics.com/manufacturing

Jason Johnson

ERP Administrator
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Samsung Electro - Mechanics' passive components have long supported the integration and functional diversity 

of electronic products. Today, moreover, our eco-friendly materials and green designs are helping to mitigate 

the effects of global warming. For example, we have become the rst in the industry to obtain "Carbon Footprint 

Certi cation" for multilayer ceramic capacitors. We aim to do the same with all our product lines in the future.

Eco-Friendly Technologies
with Ceramics

Samsung's Passive Components promoting low-carbon green growth

•0402(inch) 10
•0201(inch) 1

• High Current 
 Power Inductor

•3528(mm), 2012(mm) 
 Polymer Type
•Low pro le , Low ESR

•2 or 4 Array 
•Convex & Concave Type
•Reduce SMD area

•2520(mm) for RF
•Miniaturization

MLCC

EMC Chip 
Resistor

Crystal
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Programmability to prepare 

for the edgy access

Intense competition and the need for more 

capacity push broadband service provid-

ers to deploy fiber and new carrier-Ethernet 

technologies farther out in the network. The 

access becomes more intelligent and there-

fore more important for vendors and service 

providers alike.
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Practical, inexpensive HB LEDs (high-

brightness light-emitting diodes) are 

here. Now, what can we do with them, 

and what will be their impact on electron-

ics and customers? Read more online.

➔www.edn.com/leds

How do we somehow herd architecture, 

IP, design, and verification into a success-

ful tape-out? In this blog, EDN Executive 

Editor Ron Wilson explores 

how IC-design teams really 

work: the struggle for power 

efficiency and performance, 

wrestling with semiconductor 

processes and design methodologies, and 

the challenges of global design teams. 

Sample a few recent blog entries at the 

links below:

Device-level extraction becomes 

an issue for SOC designers

➔www.edn.com/100624tocb

Blowouts, elementary school, 

and the future of democracy

➔www.edn.com/100624tocc

A venerable CPU core meets 

a new FPGA

➔www.edn.com/100624tocd

IR’s AC-DC product portfolio 
offers simple, compact high 

density solutions tailored
for energy-effi cient

power supplies.

Simpler Power
Conversion

 THE POWER MANAGEMENT LEADER 

For more information call
1.800.981.8699 or visit

www.irf.com

Part
Number Pckg. VCC

(V)
Freq.
(kHz)

Gate
Drive
±(A)

VGATE
Clamp

(V)

Current
Mode

IR1150
(STR)PbF

SO-8
PDIP8 13-22 50-200 1.5 13 CCM

Part
Number

IR1166S
PbF

IR1167AS
PbF

IR1167BS
PbF

IR1168S
PbF

Package SO-8

VCC (V) 20

VFET (V) <=200

Sw Freq.
max (kHz) 500

Gate Drive 
±(A) +1/-4 +2/-7 +1/-4

VGATE Clamp 
(V) 10.7 10.7 14.5 10.7

Min. On Time 
(ns) Program. 250 -3000 750

Channel 1 2

RoHS

μPFC™ PFC IC

SmartRectifier™ IC

10653AD_AC-DC_3rd_EDN.indd 1 8/24/09 11:40 AM
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Copper
63.546

 More Q.  Less Cu
These tiny new air core inductors

have the highest Q and current handling
in the smallest footprint.

Coilcraft’s new SQ air core inductors have unmatched Q
factors: most are above 200 in the 1-2 GHz range! That’s 3
times higher than comparably sized 0805 chip coils.

And with their extremely low
DCR, they can handle 4 to 8 times
more current: up to 4.4 Arms.

SQ air core inductors are perfect
for your LC filter and RF impedance
matching applications. They come in
15 values ranging from 6 to 27.3 nH,
all with 5% tolerance.

These coils
are significantly smaller than exist-
ing air core inductors. We reduced
the footprint by using close-wound
construction and keeping the leads
close to the body. The square shape
cuts the height to as low as 1.5 mm
and creates flat top and bottom sur-

faces for easy automated handling
and stable mounting.

See how the ultra-high Q and
current handling of Coilcraft’s
new SQ air core inductors can
maximize the performance of

your next design. For complete specifications and free
evaluation samples, visit www.coilcraft.com/sq

www.coilcraft.com 800/322-2645

®

Q factors are 3X higher than
standard chip inductors

RoHS
CCOMPLIANT

The square shape and narrow footprint
reduce board space by 60-75% over

conventional air core inductors.

EDN100624_008   8 6/22/10   4:21:29 PM



JUNE 24, 2010  |  EDN  9

BY BRIAN DIPERT, SENIOR TECHNICAL EDITOR

E D N . C O M M E N T
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The experience reminded me of the 
concept of a personal hot spot that en-
ables multiple devices to link with the 
same WAN (wide-area-network) con-
nection and each other at no incremen-
tal charge over a single-device case. My 
room also offered a Category 5 Ethernet 
cable, for example. If I had remembered 
to pack my small-form-factor trav-
el router, I could have employed it to 
achieve my shared-access objective.

If the hotel hadn’t offered Category 
5, however, I couldn’t have used 
the travel router even if 
I’d brought it with 
me on the trip. The 
54-Mbps 3Com Of-
ficeConnect Wire-
less 11g travel router sup-
ports router, access-point, 
and client modes, but it doesn’t 
offer a wireless-to-wireless bridge 
option. Even if it did, such a non-
standard mode is rarely usable in 
practice, plus it would have re-
quired knowledge of the hotel rout-
er’s MAC address. And, because bridge 
mode simply passes along client MAC 
addresses to the hotel router rather 
than acting as a router itself, I’d still get 
charged for per-client access.

Another option would have been to 
employ a cellular router. This approach 
would have required a USB (Universal 
Serial Bus), PCMCIA (Personal Com-
puter Memory Card Industry Associa-
tion), or ExpressCard cellular adapt-
er or a supported USB-tethered mobile 
phone and an associated cellular-ser-
vice plan. Verizon recently took cellu-
lar simplicity to the next level with the 
Novatel Wireless-developed mobile 
Mi-Fi, which both embeds the cellular 

subsystem and operates with 
an integrated long-life 

battery. Sprint pre-
dictably followed in 
its CDMA (code-

division/multiple-ac-
cess) competitor’s path, 

as have other cellular pro-
viders. More recently, Sprint 

upped the ante with the Over-
drive, a portable hot spot that 
supports both EVDO (evolution-
data-optimized) and newer, faster 

WiMax (worldwide-interoperability-
for-mobile-access) technology.

What happens, though, if you lack 
the fiscal resources or, for that matter, 
the desire to tote multiple gadgets for an 
additional cellular-data-supportive rout-

er along with you on future trips? What 
if your handset or service plan doesn’t 
support USB or Bluetooth phone-as-
modem tethering? Devices such as the 
iPad “conveniently” support neither 
the DUN (dial-up-networking) nor the 
PAN (personal-area-networking) Blue-
tooth profiles. Therefore, they don’t 
allow you to wirelessly piggyback on 
your phone’s cellular-data features. In 
exchange, you must pay for a separate 
cellular plan for the tablet.

In such cases, you could instead tap 
into your phone’s built-in Wi-Fi sub-
system, transforming it into a config-
uration that primarily transmits rath-
er than receives. MyWi for the iPhone, 
for example, purports to transfer data 
between the handset’s integrated cel-
lular and Wi-Fi links for subsequent 
handshaking with 802.11-connected 
clients. Similar software packages for 
other mobile operating systems are also 
available. Palm’s webOS, Version 2.2 
of Google’s Android OS, and the An-
droid 2.1-based Sprint/HTC Evo 4G 
(fourth generation) come with hot-spot 
features.

Perhaps you’d prefer to dispense with 
slow, glitchy cellular connectivity and 
leverage the built-in Ethernet capa-
bilities of your laptop. Both OS X and 
Windows support spanning between a 
wired-Ethernet connection and Wi-Fi
—an approach that can transform your 
computer into a wireless hot spot so 
that other LAN clients can connect to 
it. It’s no problem if you lack an avail-
able Category 5 connection. Intel’s lat-
est drivers enable Windows 7’s built-in 
virtual-Wi-Fi feature by creating a vir-
tual wireless adapter. And third-par-
ty software completes the Windows 7 
picture for other companies’ wireless 
adapters. Keep in mind that, before 
the emergence of Windows 7 Virtual 
Wi-Fi and Connectify, the implement-
ed function was that of an access point, 
not a router, so the approach doesn’t 
support sharing a common hotel-router 
connection among LAN clients.

Who says tech innovation is over?EDN

Contact me at brian.dipert@cancom.com.

 O
n a recent trip to South Korea, I brought both my Apple 
MacBook Air and my iPad. I stayed at a nice hotel in Seoul 
that came with complimentary Wi-Fi service. As I soon 
discovered, though, the service was restricted to a single 
device—that is, one MAC (media-access controller) per 
room. After wirelessly connecting the iPad, I attempted to 

register the MacBook Air using the same last-name/room-number combi-
nation, which the system summarily rejected. A call to the front desk got 
me going again with my primary computer, but I decided not to push my 
dual-computer luck.

Putting hot on the spot

EDN100624_009   9 6/22/10   4:22:27 PM



Who makes the fastest real-time oscilloscopes?

?The fastest-growing 
oscilloscope company.*

20 MHz - 40 MHz

60 MHz - 200 MHz

DC - 90 GHz Sampling

2.5 GHz - 13 GHz 600 MHz - 4 GHz

100 MHz - 1 GHz

100 MHz - 1 GHz

100 MHz - 1 GHz

100 MHz - 500 MHz

100 MHz - 200 MHz

Introducing 16-32 GHz 
Agilent Infi niium 90000 X-Series

u.s. 1-800-829-4444  canada 1-877-894-4414© Agilent Technologies, Inc. 2010

*Prime Data 2009 Market Growth Analysis.

Our portfolio offers families engineered to deliver the best:

Are you using the best scope?
Take the 5-minute scope challenge and fi nd out.
www.agilent.com/fi nd/scopecheck
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INNOVATIONS & INNOVATORS

EDITED BY FRAN GRANVILLE

TALKBACK

Smart-grid chips integrate functions as meter vendors aim for standards

Tiny PSIP delivers 113W/in.2

E
npirion has introduced a family of 

ultrasmall PSIP (power-supply-in-

package) devices. The EN6300 

series of voltage-mode, synchronous, 

buck dc/dc converters includes the 3A 

EN6337QI and the 4A EN6347QI, both 

measuring 4×7×1.85 mm in 38-pin QFN 

packages; the 8A EN6360QI, measuring 

8×11×3 mm in 68-pin QFN packages; and 

the 12A EN63A0QI, measuring 10×11×3 

mm in 76-pin QFN packages. The noni-

solated devices achieve 113W/in.2 power 

density, or 17.6W/cm2, by integrating the 

inductor, power switches, gate drive, con-

troller, and loop compensation.

Input voltage ranges from 2.375 to 6.6V, and 

peak effi ciencies for the parts are 95 and 96% 

for the 6337/47 and 6360/63A0, respectively. 

Enpirion claims that the effi ciency curve fl at-

tens across the load range rather than peaking 

sharply at full load.

The parts target use in applications includ-

ing blade servers, RAID (redundant-array-

of-inexpensive-disk) storage systems, LAN/

SAN (local-area-network/storage-area-net-

work) adapter cards, wireless base stations, 

industrial automation, test and measurement, 

embedded computing, communications, and 

multifunction printers. Prices are $2.71 (1000)

for the EN6337, $3.43 for the EN6347, $6.64 

for the EN6360, and $10 for the EN63A0.

—by Margery Conner 

▷Enpirion, www.enpirion.com.

Freescale has fl eshed out its smart-power-meter-IC family with its 

announcement of the MC9S08GW64 chip, which integrates gas- 

and water-metering functions. The company based the chip on an 

8-bit S08 core. It includes an electricity-metering analog front end 

with two independent 16-bit SAR (successive-approximation-reg-

ister) ADCs and a programmable delay block for phase-error com-

pensation. The device joins Freescale’s line of smart-meter chips, 

including the MCF51EM256, which uses a 32-bit Coldfi re V1 micro-

controller core for single- and three-phase electricity meters, and 

the MC9S08LH64, which also uses the S08 core, for low-cost, 

single-phase electricity meters.

Freescale goes beyond the usual reference design to provide 

complete multiple designs, including CAD drawings for the plastic 

enclosure. Customers can leave all of the design to Freescale and 

customize only the meter’s software.

Freescale is not alone in the push to integrate as much capabil-

ity as possible into its metering chips. Accent (www.accent-soc.

com) announced in early May an SOC (system-on-chip) platform 

for smart-metering designs. The company claims that the product 

allows customers to receive a customized version of a smart-meter 

SOC with a turnaround time of months rather than more than a 

year for a conventional custom SOC. Analog Devices (www.analog.

com), Teridian (www.teridian.com), and Texas Instruments (www.

ti.com) also offer highly integrated smart-meter chips.

—by Margery Conner

▷Freescale, www.freescale.com.

The EN6300 series voltage-

mode, synchronous, buck 

dc/dc converters 

achieve 113W/in.2 

power den-

sity by 

integrat-

ing the 

inductor, 

power 

switches, 

gate drive, 

controller, and 

loop compensation in 

the nonisolated devices.

“Many ... want 
all jobs, except 
theirs, modified 
to the point that 
they can be done 
by any addle-
brained slacker 
with a cell phone 
in his or her ear.”
—Engineer and technical 

writer William Ketel, in EDN’s 

Talkback section, at www.edn.

com/100624pulsea. Add your 

comments.
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Dilbert By Scott Adams
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0PLATFORM 

MANAGES 

COMPUTING CLOUD

Wireless-sensor networks 
require a lot of data 
manipulation, which in 
turn implies a computing 
“cloud”—the use of large 
numbers of computers, 
often over distributed 
data centers, to seam-
lessly process and store 
large amounts of data.

Small and midsized 
companies that want to 
delve into the wireless-
sensor-network market 
may not decide to develop 
the software-support sys-
tem for cloud computing 
because their expertise 
lies elsewhere. To fulfill 
these companies’ needs, 
Digi International recently 
announced the iDigi 
platform for machine-to-
machine network man-
agement, enabling secure 
remote access, control, 
and management of net-
work-connected devices 
and cloud-based applica-
tion development.

The iDigi platform al-
lows manufacturers to 
remotely configure, up-
grade, and diagnose prob-
lems with their products 
and monitor performance 
monitoring. This approach 
reduces repair costs 
and allows OEMs to de-
liver products with active 
supply replenishment, 
remote-configuration ser-
vices, and downloadable 
features. Device configu-
ration and maintenance 
require no travel. Prices 
start at $1.99 per device 
per month; volume dis-
counts are available.

—by Margery Conner
▸Digi International, www.
digi.com. 

Isolated POL converter combines 
best of two power-bus architectures

T
oday’s datacom- and 

telecom-server sys-

tems commonly use 

either the DBA (distributed-

bus architecture) or the IBA 

(intermediate-bus architec-

ture). The DBA backplane 

bus performs an ac-to-dc 

convers ion—typica l ly  of 

48V—with multiple 

lower-voltage, iso-

lated POL (point-

o f - load )  dc/dc 

converters. These 

isolated POL con-

verters are effi cient 

but require some 

extra board space and 

expense due to their isolating 

transformers.

An IBA approach has one 

isolating dc/dc converter that 

feeds into multiple lower-volt-

age nonisolated POL convert-

ers. By having just one isolating 

power-conversion stage, you 

gain space and eliminate the 

cost of the additional isolating 

transformers. One drawback of 

the IBA approach is that it has a 

lower overall system effi ciency 

because of the double conver-

sion that the intermediate iso-

lated stage and the nonisolated 

converters require. In addition, 

this approach usually has higher 

distribution losses as power 

moves at lower voltages and 

thus higher currents with their 

attendant resistive losses. 

In recent years, server-power 

subsystems have placed a pre-

mium on lower price and smaller 

footprint, driving the popularity 

of IBA systems. Rising energy 

prices and power-supply real-

estate costs are dictating a 

need for effi cient, space-saving 

power subsystems, however.

To address these needs, 

Picor’s new Cool-Power plat-

form of low-power dc/dc con-

verters combines attributes of 

both DBA and IBA to achieve 

a high-effi ciency power-conver-

sion system in minimal space. 

The fi rst member of the family, 

the PI3101, combines isolation, 

voltage transformation, and out-

put regulation in a high-density, 

surface-mount PSIP (power-

system-in-package) platform 

measuring 0.87×0.65×0.27 in.  

for applications in which board 

space, airflow, and height 

dimensions are critical.

The PI3101 operates over 

an input-voltage range of 36 

to 75V dc and provides a regu-

lated 3.3V output at an output 

current as high as 18A. The 

PI3101 can withstand input-

voltage transients as large as 

100V for 100 msec and pro-

vides 2250V input-to-output 

isolation.

The Cool-Power platform 

uses the company’s PSIP to 

achieve a switching frequency 

of 900 kHz, allowing for the use 

of passive components. The 

chip achieves as much as 87% 

effi ciency with a power density 

of 400W/in.3. The chip has no 

digital-communications capa-

bility, relying on traditional ana-

log-programmable features, 

including ±10% output-voltage 

trimming, programmable soft-

start capability, remote on/off 

enable, and an accurate tem-

perature-monitor function that 

provides an analog output volt-

age proportional to the internal 

temperature of the product. 

This monitor also serves as a 

fault alarm. The device sells for 

$29.97 (1000).

—by Margery Conner

▷Picor, www.picor.com.

Picor’s Cool-Power platform 

of low-power dc/dc convert-

ers achieves high-efficiency 

power conversion in minimal 

space.
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Strange stories from the call logs of Analog Devices
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Rarely Asked Questions

Contributing Writer 

James Bryant, ADI’s 

European Applications 

Manager from 1982 

through 2009, continues 

to find interesting  

projects within Analog 

Devices. He holds a 

degree in Physics and 

Philosophy from the 

University of Leeds. He 

is also C.Eng., Eur.Eng., 

MIEE, and an FBIS. In 

addition to his passion 

for engineering, James 

is a radio ham and holds 

the call sign G4CLF.

If only King Alfred had had better 
oven temperature measurement he 
need not have allowed the peasant 
woman’s cakes to burn. And even 
in 880 A.D. it would have been 
possible to make a thermo-
couple had he known how.

Q. In an earlier RAQ you 
said that silicon ICs could be 
guaranteed between –55°C and 
+155°C but might work (without 
guarantees) over a somewhat wider 
range. How does one measure tem-
perature outside the silicon range?

A. Thermocouples are very simple 
devices which can measure temperature 
over a very wide range.

If we have two conductors of different 
material joined at two points which are 
at different temperatures, there will be 
an emf (electromotive force) in the loop 
so formed—this emf is a function1 of 
the temperature difference and can be 
used to measure temperatures as high as 
2300°C and as low as a few Kelvin. One 
junction is at the temperature to be mea-
sured and the other (often known as the 
“cold” junction, even if it is at a higher 
temperature than the one being mea-
sured) is at a reference temperature (in 
the past a mixture of ice and water was 
often used to provide a 0°C reference).

Two pieces of wire of different materials 
are simple and, usually, inexpensive2, so 
thermocouples are widely used. Where 
the reference will normally be within 
±10°C of room temperature and accurate 
measurement is unnecessary, it is quite 
usual to use an uncompensated thermo-
couple for measurements. An example is 
the flame sensor in a boiler.

If reasonable accuracy is required, the 
cold junction must be held at a known 
reference temperature— which is incon-
venient, as ice may be unavailable. But 
the cold junction need not be at a con-
stant temperature as long as it is always 
known. The cold junction temperature, 
which is unlikely to be outside –55°C to 
+155°C, may be measured with a silicon 
sensor; we then use the emf and the cold 
junction temperature to calculate the 
“hot” junction temperature.

This “cold junction compensation” may 
be done by a digital controller, but it is 
quite possible to integrate the cold junc-
tion sensor, the thermocouple amplifier, 
and the compensation in a simple analog 
chip. The AD594/AD595 and AD8494/
AD8495/AD8496/AD8497 are examples of 
such circuits; if King Alfred had had one 
the cakes would have been perfect.

1The function is (approximately) a polynomial of 5th 
– 13th order, but for some thermocouples simple pro-
portionality is adequate over some ranges.
2Platinum (B, R & S) and chromel/gold-iron thermo-
couples are among the expensive exceptions to this.

To Learn More About 
Temperature Management 

http://designnews.hotims.com/27747-100

How to Avoid Burning Cakes

Have a question  

involving a perplex-

ing or unusual analog 

problem? Submit  

your question to: 

http://www.analog.

com/askjames

For Analog Devices’  
Technical Support,  
Call 800-AnalogD
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A
t the IMS (International 

M i c rowave  Sym-

pos ium, www. ims

2010.org), which took place 

in May in Anaheim, CA, Anritsu 

introduced the MG3690C 

series of RF/microwave-sig-

nal generators. The genera-

tors allow engineers to con-

duct accurate tests on sub-

systems, especially those in 

local-oscillator-substitution 

and clock-generation appli-

cations, according to Bob 

Buxton, marketing manager 

in the general-purpose-busi-

ness unit of Anritsu’s micro-

wave-measurement division. 

The MG3690C instruments 

can test microwave compo-

nents, subsystems, and sys-

tems during design. Their 

5-msec switching lets the 

units maximize throughput in 

manufacturing applications. 

In addition, they can perform 

signal simulation to test and 

verify radar and communica-

tions systems.

The MG3690C, the latest 

member of the company’s syn-

thesizer family, generates sig-

nals from 0.1 Hz to 70 GHz. 

Instruments in the family can 

produce baseband, IF, RF, and 

microwave signals to maximize 

equipment use and reduce cost 

of test.

Options enable phase-noise 

performance of 2115 dB/Hz 

at 20 GHz at a 10-kHz offset. 

This phase-noise perform-

ance ensures the simulation of 

devices under test with known-

good signals, thus enhancing 

the integrity of the measure-

ment and reducing the time it 

takes to track down test-equip-

ment-induced measurement 

problems. The instruments are 

also suitable for digital datacom 

applications because their low 

phase noise minimizes instru-

ment-induced clock jitter. 

The MG3690C can generate 

pulses as narrow as 10 nsec to 

emulate a variety of signals. It 

can generate amplitude-leveled 

pulses as narrow as 100 nsec 

to minimize amplitude drift over 

time and temperature for tight 

test margins. Amplitude-leveled 

pulses also eliminate the need 

for a clockwise mode during 

frequency changes and mini-

mize the chances of damage 

to the device under test. The 

MG3690C series can generate 

doublet, triplet, and quadruplet 

pulses with independently set 

spacing and pulse width, mak-

ing the signal generators well-

suited to emulating a range of 

radar returns.

Models are available with top 

frequencies of 10, 20, 31.8, 

40, 50, and 70 GHz. All mod-

els offer a 0.1-Hz starting-fre-

quency option. The base price 

is $17,800.—by Rick Nelson

▷Anritsu, www.us.anritsu.

com.

Signal-generator family reaches 
70 GHz with low phase noise

The MG3690C series of RF/microwave-signal generators allows 

engineers to conduct accurate tests on subsystems, especially 

those in local-oscillator-substitution and clock-generation 

applications.

PACKAGING GIVES HALF-BRIDGE MOSFET A 2% BOOST IN EFFICIENCY

Texas Instruments’ NexFET-based 
CSD86350Q5D power block pro-
vides 2% better efficiency than—in 
half the area of—competitive power-
MOSFET devices. TI optimized the 
device’s packaging for low-voltage, 
high-current, high-frequency switch-
ing in half-bridge switching configu-
rations for synchronous buck con-
verters. The 1.5-MHz CSD86350Q5D 
comprises two asym-
metrical NexFET power 
MOSFETs and owes 
its efficiency to an 
advanced packaging 
technology that targets 
low-voltage, synchro-
nous, buck, half-bridge 
applications.

According to Jeff Sher-
 man, power-stage-mar-
keting engineer for TI, 
the two discrete NexFET 
devices have similar, 

matched on-resistances. Most of the 
improvements in the newer devices 
come from the improved switching 
characteristics due to the reduced 
inductance between devices. TI ver-
tically mounted the two FETs rather 
than laying them out side by side. 
Vertical mounting yields a shorter 
connection, resulting in lower para-
sitics and allows the use of copper 

clips, resulting in the lower induc-
tance than that of wire-bond leads. 
The lower inductance results in the 
2% increase in efficiency, which 
translates to 20% less power loss.

The exposed ground pad on the 
package bottom mounts directly on 
the PCB (printed-circuit board) for a 
simpler board layout. MCMs (multi-
chip modules) such as this one from 

TI command premium 
pricing, but there is no 
premium for the pack-
age, says Sherman. 
Rather than use a 
second source, TI taps 
two supply chains 
to fabricate and as-
semble the device. The 
CSD86350Q5D sells 
for $1.75 (1000).

—by Margery Conner

▸Texas Instruments, 
www.ti.com.
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Call or visit our website to request a copy of
our Power Supply Guide 09/10 and see our
complete line of power products.

Toll free: 1-800-253-0490

CCM250 � Award winning power supply

25/45 Watts
2” x 3”

65 Watts
2” x 4”

100 Watts
2” x 4”

150 Watts
2” x 4”

30�250 Watt
Externals

40% 

50% 

60% 

70% 

80% 

90% 

100% 

10 20 30 40 50 60 70 80 90 100 

E
ffi

ci
en

cy
 

Load (%) 

90Vac input 

230Vac input 

Medical Power Supplies...

without the fan

•  250 W convection�cooled
•  Up to 95% efficiency
•  Low radiated noise
•  Low leakage current

Also available from:

www.newark.com
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VOICES

The May Dice Report esti-

mated a little more than 

69,000 open high-tech posi-

tions. Has hiring returned 

for high-tech and EE 

positions?

A
We have 69,000 jobs 

on the site. That’s up 

signifi cantly from a year ago. 

It’s up over 40%, which is 

great news. We think that’s a 

pretty good indication that 

employer confi dence is pick-

ing up, and we are seeing that 

as it relates to job counts.

   In aggregate, the fact that 

employers are hiring suggests 

that their confi dence in their 

business is improving. Certain 

positions, as they relate 

to technology, may have 

been put off for a while, and 

[employers] are now jump-

ing back in. Projects are get-

ting green-lighted, and we are 

seeing that evidenced by the 

fact that the job count is up.

Dice recently ran its fi rst 

survey looking at employee 

retention. The responses 

showed that many tech 

employees intend to change 

jobs in 2010 and could be 

persuaded to leave their 

current positions. Is talent 

poaching occurring?

A
Not yet, but I think it 

will. The survey sug-

gests not so much that 

poaching is happening, but it 

is really an indication of tech 

workers’ willingness to jump. 

If you look at the data, 30% 

[of respondents] are saying 

they are getting more head-

hunter calls than they did at 

this time last year. That’s an 

indication of the fact that 

activity is up. What’s more 

interesting is that more than 

half of the people who 

responded say that they 

intend to move sometime in 

2010. That’s a scary number. 

Whether it’s because of 

poaching, whether it’s 

because of money, or whether 

it’s for a change of scenery, 

overall, I think there is going to 

be a lot of turnover in the 

market.

Almost half of the sur-

vey respondents said that 

a 10% or less increase in 

compensation would deter 

them from leaving a posi-

tion. Was that surprising, 

given that employers cut 

many salaries by more than 

that during the downturn?

A
It’s surprising but not 

shocking. We run a sal-

ary survey every year. For the 

last several years, the expec-

tation among tech workers 

was a 3 to 5% salary in- 

crease, and we saw the sur-

vey refl ect that [increase]. This 

year, salaries were fl at. To me, 

that [fact] suggests that peo-

ple are coming to realize that 

salary increases are harder to 

fi nd, that economic conditions 

are still pretty tough, and that 

10%, for example, may not 

have had much traction in 

previous times, but today 

sounds pretty good.

Do you believe employers 

are aware of employee 

frustrations?

A
Many employees would 

like to believe that, if 

they do a good job, they will 

be recognized, they will move 

ahead in their careers, and 

they will make more money. 

That doesn’t always happen. 

As a matter of fact, that prob-

ably happens a lot less than 

anyone would like. But not 

everybody wants to complain 

about it for any one of a num-

ber of reasons. What you fi nd 

is a growing frustration among 

employees, particularly tech 

pros, that they are doing this 

great job and not being rec-

ognized. What makes it even 

worse is that, if you go back a 

year or so ago when the 

economy was tanking, tech-

pro unemployment remained 

low compared to the overall 

average. Tech unemployment 

ranged about half of what 

overall employment was for all 

industries.

   The tech market was tight. 

Companies were asking tech 

pros to do more and more 

with fewer and fewer people. 

Companies were not invest-

ing what they needed to in 

tech hires, and the frustrations 

among tech employees grew.

If half of the respondents 

said they planned to change 

positions in the year and the 

tech market is already tight, 

where is this new talent 

going to come from?

A
That’s a good question, 

but that’s a question 

employers need to worry 

about. They may or may not 

be aware of growing dissatis-

faction. [Employers need to] 

be aware of retention, be 

aware of the growing move-

ment afoot [for employees] to 

perhaps show their dissatis-

faction by leaving, and focus 

on some of the fi nancial or 

nonfi nancial things that are 

going to have an impact on 

employee satisfaction and 

retention.

Anything else on the survey 

or job market?

A
We are happy ... that 

the job count is up 

40% from where it was a year 

ago. ... The job count on Dice 

has been up over 100,000 at 

some points. The fact that 

there are [more than 69,000 

jobs] out there today is better 

than it was, but we still think 

there is room to grow.

—interview conducted and 

edited by Suzanne Deffree

T
here’s certainly room for improvement, but the tech-

employment environment has shown significant recov-

ery so far this year. Tom Silver, senior vice president of 

North America at tech-focused online career hub Dice (www.

Dice.com), in late May discussed the overall tech-employment 

market, employer confidence, and a recent Dice survey of 1200 

tech professionals across North America regarding employee 

retention. Excerpts of that conversation follow. For more on the 

Dice retention survey, see www.edn.com/100624voices.

Moving to hire ground: 
Dice’s Tom Silver 
on the improving tech-
employment environment
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Faster and easier than ever before. Our commitment 
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offering combined with our supply chain and design 
chain services – which can swiftly be tailored to meet 
your exact needs. We have dedicated employees who 
have the experience to provide the highest level of 
customer service with accuracy and efficiency. All of 
our technical experts are factory certified on the latest 
technologies, providing you the expertise to move 
projects forward with speed and confidence.

Avnet offers the best of both worlds: extensive product 
and supply chain knowledge, and specialized technical 
skill which translates into faster time to market – and 
the peace of mind that comes from working with the 
industry’s best. Avnet is ranked Best-In-Class* 
for well-informed sales reps, knowledgeable 
application engineers and our design engineering 
services – proof that we consistently deliver:

> Industry recognized product expertise
> Specialized technical skills

Ready. Set. Go to Market.™

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

Support Across The Board.
                From Design to Delivery 

1 800 332 8638
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*As rated by Hearst Electronics Group: The Engineer & Supplier Interface Study, 2009.
©Avnet, Inc. 2010. All rights reserved. AVNET is a registered trademark of Avnet, Inc.
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www.twitter.com/avnetdesignwire
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BY BONNIE BAKER

B A K E R ’ S  B E S T

When calculating the total noise 
in a system, you can use an rms (root-
sum-square) formula to combine these 
noise sources at the input of the circuit. 
The equation for this calculation is also 
available at www.edn.com/100624bb.

If you allow only less than 0.5 bit of 
error, the PGA-SAR (successive-approx-
imation-register) system can achieve 12-
bit repeatability with an analog gain to 
16V/V. The rms noise density at 10 kHz 
of the PGA116 and OPA350 in this cir-
cuit is 12 and 5 nV/√  Hz. The ADC’s 
contribution to noise is 26.9 μV rms.

The PGA-SAR system cannot meet 
a 12-bit level of repeatability with PGA 
gains greater than 16V/V (Table 1). 
What about a delta-sigma system, how-
ever? When it comes to noise, the delta-
sigma converter relieves the board de-
signer from tedious analog calculations. 
For the ADS1258, the effective resolu-
tion is 19.5 bits. The translation of 19.5 
bits of resolution into repeatable volts 
in a 5V system is equal to 12 μV rms of 
noise. Regardless of the process gain for 
the delta-sigma converter, the 12-μV-
rms noise level applies to the convert-

 S
ystem repeatability differs from system accuracy. With system 
repeatability, you compare the data from conversion to con-
version. The specification that helps define repeatability is 
noise. For an analog device, such as a PGA (programmable-
gain amplifier) or an ADC driving an amplifier, you take the 
noise-density performance at a frequency one decade less than 

the bandwidth of the device and multiply that value by the square root of 
the closed-loop bandwidth and (π/2). The multiple of the square root of 
(π/2) accounts for the noise in the region beyond the device’s bandwidth. 
The equation for this calculation is available with the online version of this 
article at www.edn.com/100624bb.

Third round: Look at repeatability

TABLE 1 BASELINE DATA AND REPEATABILITY ERRORS

Baseline PGA-SAR ADC Delta-sigma ADC

Analog or 

process 

gain

System 

full-scale 

range (V, RTI) 

System 

LSB size 

(μV, RTI)

Noise 

(μV, RTI)

Noise/

system 

LSB

Noise 

(μV, RTI)

Noise/

system 

LSB

One 5 1220.7 435.33 0.357 12 0.01

Two 2.5 610.35 218.34 0.358 12 0.02

Four 1.25 305.18 110.25 0.361 12 0.039

Eight 0.625 152.59 57.73 0.378 12 0.079

16 0.3125 76.29 33.07 0.433 12 0.157

32 0.1563 38.15 24.29 0.637 12 0.315

64 0.0781 19.07 13.47 0.706 12 0.629

128 0.0391 9.54 9.52 0.998 12 1.258

er’s performance across all gains (Figure 
1, available with the online version of 
this article at www.edn.com/100624bb). 
This performance differs from that of 
the PGA-ADC circuit in which the 
PGA’s gain affects the noise level.

If you look at the delta-sigma system 
from an input perspective, you can un-
derstand the size of the system’s LSB 
(least-significant bit). When the pro-
cess gain is one, the RTI (referred-to-in-
put) system LSB size is 1.22 mV, with 
a noise level of 12 μV rms. As the pro-
cess gain increases, the system’s LSB de-
creases and the RTI noise remains con-
stant. For instance, when the process 
gain is 128, the theoretical RTI LSB 
system is 9.54 mV, and the delta-sigma 
converter’s noise level is still 12 μV rms. 
If you look at the delta-sigma converter 
in terms of noise in Table 1 (columns 6 
and 7), you can see a good 12-bit system 
up to a process gain of 32. 

The repeatability of the PGA-SAR 
system produces a 12-bit-ready system 
with analog gains of one to 16V/V. The 
repeatability of the delta-sigma system 
produces a 12-bit-ready approach with 
process gains of one to 32. In this eval-
uation, the delta-sigma system slightly 
surpasses the noise performance of the 
PGA-SAR system. 

As you think about the speed, accura-
cy, and the repeatability performance of 
the PGA-SAR system and a delta-sigma 
converter, from the discussions in this 
column and my previous three columns 
(references 1 through 3), which system 
would you now select for your applica-
tion circuit, or is there more to consid-
er here? Send your thoughts to me at ti_
bonniebaker@list.ti.com.EDN

REFERENCES
1  Baker, Bonnie, “Comparing SAR and 

delta-sigma ADCs’ throughput times,” 

EDN, April 22, 2010, pg 18, http://bit.ly/

b3ZyHM.
2  Baker, Bonnie, “The best solution 

brings accuracy,” EDN, May 27, 2010, 

pg 18, http://bit.ly/cJIj51.
3  Baker, Bonnie, “System or technolo-

gy dictates ADC choice,” EDN, March 

18, 2010, http://bit.ly/90m15j.
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Ideal for use in:

  Application Processors
  GPS Subsystems
  Mobile Phones/PDAs
  Portable Media Players
  General Purpose PMIC

Today's advanced portable electronics require 
highly integrated power system solutions for complex 
system power, small size, and long battery life. 
Micrel provides complete system power solutions, 
such as  the MIC2826, to meet these needs.

The MIC2826 integrates a single 500mA HyperLight 
Load™ synchronous buck (step-down) regulator with 
three Low Dropout Regulators in a tiny 2.5mm x 2.5mm 
Thin MLF® package. The MIC2826 also features a 
standard 400kHz Fast-mode I2C interface that provides 
Dynamic Voltage Scaling (DVS), programmable power 
sequencing, and individual output control, making 
it the perfect integrated power system solution. 

For more information, contact your local Micrel sales 
representative or visit Micrel at: www.micrel.com/ad/
mic2826. 

www.micrel.com
© 2010 Micrel, Inc. All rights reserved.  Micrel and Innovation Through Technology are registered 
trademarks of Micrel, Inc.  HyperLight Load is a trademark of Micrel, Inc.
MLF is a registered trademark of Amkor Technology, Inc.
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 L
ike any other engineer, I love tools. When I saw a laser-level kit 
selling for $20 at a local electronics flea market, I purchased it with 
delight. My delight soon faded when I saw that the base was so 
wobbly that the laser spot would move up and down by more than 
1° of arc. Prying into the interior of the base, it became obvious 

that the design had several shortcomings. After a failed attempt at a field 
expedient, I obtained a permanent fix with my belt sander. From now on, 
I will beware of bargain tools at the flea market.

The Titan 15000 laser level

The pivot mechanism was poorly 

designed. The boss and sleeve had 

excessive clearance that allowed the 

base to wobble. The sleeve was too 

long, so the top rested on the inner 

boss flange rather than on the plastic 

outer rim of the base. 

Go to www.edn.com/pryingeyes 
for past Prying Eyes write-ups.

If you hold the base 

firmly against the 

table and put the 

slightest pressure on 

the laser, the spot 

would wobble due to 

the sloppy fit of the 

pivot mechanism.

I took the level to a local burger joint as 

a team-building exercise. By cutting up a 

ketchup cup with a Swiss army knife and 

bending a paper clip, my fellow engi-

neers fashioned a shim that considerably 

stiffened the assembly. 

The fix involved sanding down 

the inner sleeve so that the 

top assembly would rest on its 

outer rim rather than the center 

post. Sanding the inner boss 

tightened the assembly. I sadly 

disposed of the paper clip and 

homemade shim.

A large plastic nut 

screws into this 

boss. Unfortunately, 

the boss is a bit long 

for manufacturing 

clearance, so the nut 

applied no pressure 

to the inner flange.
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mechatronics

Engineering education is a great example of a complex system that must be transformed.

I
n mechatronic system design, we integrate. From the 
start of the design process, we combine the physical sys-
tem with sensors, actuators, computer control, and human 

interfaces to give it some intelligence and decision-making 
capability. 

At its heart, system complexity is synonymous with pow-
er. However, this power can be good or bad. If the complex-
ity in any system is not tamed, the consequences can be 
devastating. We have witnessed some of the consequences 
of untamed complexity in the Chernobyl nuclear plant ac-
cident in 1986, the recent world financial meltdown, and 
now the Gulf of Mexico oil spill. All are examples of systems 
of unimaginable complexity—intended or not—that were 
left unmanaged without common-sense, human-centered 
checks and balances, which resulted in catastrophes of im-
mense scope.

In a complex system, learning how all the pieces—con-
stant and variable—interact gives a depth of understanding 
that averts catastrophe. That is what we mean by human-
centered design—understanding the interfaces among tech-
nology, people, communities, governments, and nature. This 
is what makes complexity manageable.

All complex systems have, as a foundation, fundamental 
principles or core knowledge that we cannot ignore. Howev-
er, there must also be a flexibility from the engineering per-
spective to respond to problems that inevitably arise. Clearly, 
the typical discipline-specific engineer is not well-equipped 
to manage such complexity; not even an engineer with mul-
tidisciplinary engineering breadth can do an effective job. 

Complexity demands engineering skills with technology 
depth and also nontechnical breadth—specifically, human-
centered design expertise that can manage complexity. This 
concept received wide acceptance at the IBM/IEEE Confer-
ence on Transforming Engineering Education, which took 
place April 6 through 9 in Dublin, Ireland. Jim Spohrer, 
director of IBM University Programs, saw it as essential to 
IBM’s focus on service activities worldwide because every 
product has a service associated with it. The questions that 
arose at this conference were: “Why aren’t we creating these 
engineers?” and “How do we ensure that they will be?”

The urgent problems society fac-
es are multidisciplinary in nature, 
complex, and ever-changing. Engi-
neering graduates need to be able to 
adapt and apply technology that is 
human-centered, desirable, feasible, 
viable, sustainable, usable, and man-
ageable. Incoming students need to 
experience a culture change. They 
need to transform from the world of 
memorizing, test-taking, and focus-
ing on grades, to the world of critical 
thinking and problem solving, turn-
ing easily accessible information 
into insight and understanding and 
taking responsibility for becoming 
an engineer. 

So if we all know what should 
happen in engineering education, 
why is it not happening? 

As I see it, there are two main impediments to engineer-
ing education reform. First, the silo structure in a typical 
engineering college does not foster reform. Engineering de-
partments typically don’t collaborate or interact in a multi-
disciplinary way and fail to realize that doing so would en-
hance, not diminish, what they do. Second, there is a fail-
ure of faculty members to leave their comfort zone, become 
involved in real-world problem solving, and respond to the 
challenges of teaching multidisciplinary engineering prob-
lem solving in a discovery-learning mode, rather than a lec-
ture mode. 

We need to unbundle and rebundle knowledge in engineer-
ing education to give it balance between theory and practice 
and relevance to the solution of the multidisciplinary prob-
lems society faces. Engineering education done in this man-
ner can mitigate catastrophe.EDN

Kevin C Craig, PhD, 

is the Robert C Greenheck 

chair in engineering 

design and a professor of 

mechanical engineering, 

College of Engineering, 

Marquette University.

For more mechatronic 

news, visit mechatronics

zone.com.

Complexity demands 
a new engineering mindset

Visit the Mechatronics Zone for the latest mechatronics news, 
trends, technologies, and applications: 
http://dn.hotims.com/27747-508

FRESH IDEAS ON INTEGRATING 
MECHANICAL SYSTEMS, 
ELECTRONICS, CONTROL SYSTEMS, 
AND SOFTWARE IN DESIGN
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S
olar or photovoltaic panels comprise multi-
ple solar cells that connect in series. An ideal 
solar cell appears as a current source that 
connects in parallel with a rectifying di-
ode. The photovoltaic current, IPH, depends 
on the sunlight falling on the solar cell. In 
the dark, a solar cell is simply a diode. A so-
lar cell residing in shade has limited current-
generating and -carrying capability, result-

ing in limited current-carrying ability for the entire solar panel. 
The current-output ability of a solar cell falls with a reduction in sunlight (Fig-
ure 1). Figure 2 shows the effect of temperature on a solar cell’s output voltage; 

that is, solar-cell output voltage decreases with an increase in temperature. 
This design uses a solar panel comprising a series of solar cells to charge a 

lead-acid battery when the solar panel is operating at the maximum pow-
er point. A number of design steps are necessary to ensure that the cell 

operates continuously at the “knee” of the IV curve, thus providing 
maximum power to the load (figures 1 and 2).

The design in Figure 3 uses an 18-cell, 3W SunWize Tech-
nologies (www.sunwize.com) SC3-6V solar panel as the in-

put source. The design comprises one stage that monitors 
the solar-panel voltages using a SEPIC (single-ended-pri-

mary-inductor-converter) topology that employs a Na-
tional Semiconductor (www.national.com) LM5001 

controller. The LM5001 provides the output volt-
age that tracks the solar panel’s output voltage 

over the temperature range. A simple, cost-ef-
fective thermal-monitor circuit using a string 

of BAT54 diodes tracks the solar panel’s 
voltage over a temperature range of 25 to 

100°C.
The second stage of the design 
takes the output of the first stage 

and boosts the input voltage to 
a nominal 13.3V at 25°C and 

14.4V at 100°C. The sec-
ond stage is configured as 

A SOLAR-POWERED LEAD-ACID BATTERY CHARGER CAN ENSURE THAT THE 
BATTERY REMAINS FULLY CHARGED OVER A WIDE TEMPERATURE RANGE. 
THE IDEAL CHARGING CIRCUIT COMPENSATES FOR TEMPERATURE AND 

SUNLIGHT VARIATIONS, INCLUDING RECOVERY FROM SHADING.

BY RAMESH KHANNA AND FRANK EDRADA • NATIONAL SEMICONDUCTOR

SOLAR PANEL POWERS 
TWO-STAGE LEAD-ACID 

BATTERY CHARGER
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a constant-current controller to charge 
the 12V lead-acid battery that match-
es the optimum charge technique for a 
lead-acid battery. You can find detailed 
schematics for the two stages in the on-
line version of this article at www.edn.
com/100624df.

The charging current into the battery 
also varies to ensure that the solar pan-
el does not exceed its maximum power 
at high temperatures. You accomplish 
this task by reducing the input current 
to the battery at higher temperatures. 
Again, a cost-effective thermal-moni-
tor circuit using BAT54 diodes provides 
feedback to adjust the output voltage 
and output current over the tempera-
ture range.

The design incorporates recovery 
from shading, overvoltage protection, 
dual-stage current regulation, and op-
eration over a wide temperature range. 
Shading reduces the solar panel’s out-
put current and can force the solar pan-
el, which has limited output-power ca-
pability, into an overload condition to 
the right of the knee shown in Figure 
1. A National Semiconductor LM4041 

TABLE 1 TEST DATA OVER THE OPERATING-TEMPERATURE RANGE

Temperature 

(°C)

Input 

voltage (V)

Input 

current (A)

SEPIC 

voltage (V)

Boost 

voltage (V)

Battery voltage 

with converter (V)

Battery 

current (A)

Effi ciency 

(%)

25 9.2 0.198 9.2 13.14 12.84 0.098 69.08

30 9 0.193 8.9 13.2 12.64 0.095 69.13

40 8.6 0.187 8.3 13.35 12.6 0.088 68.95

50 8.2 0.178 7.7 13.51 12.56 0.08 68.84

60 7.8 0.216 7 13.66 12.58 0.095 70.93

65 7.6 0.208 6.7 13.75 12.56 0.09 71.51

70 7.4 0.204 6.4 13.84 12.56 0.084 69.89

80 7 0.192 5.8 14.01 12.51 0.075 69.81

90 6.6 0.177 5.2 14.19 12.48 0.067 71.58

100 6.2 0.165 4.5 14.32 12.45 0.055 66.94
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Figure 1 A solar cell’s current output decreases with a reduction in sunlight. 
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Figure 2 A solar cell’s output voltage decreases with an increase in temperature. 

AT A GLANCE
↘ Although more advanced battery 

chemistries are available, lead acid 

is and will for some time be the pre-

dominant chemistry.

↘ The charging circuit must be 

aware of and accommodate 

for solar-panel shading.

↘ To maximize output power, 

the charging circuit must operate 

the solar panel at its maximum 

power point.
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monitors the input voltage, and, if the 
input voltage decreases due to shading 
on the solar panel, the unit will under-
go restart mode once you remove the 
shading-induced false condition. 

Under full sunlight, the solar pan-
el delivers 198 mA of current under 
loaded conditions at 25°C (Table 1). 
A shaded solar panel’s current decreas-
es to 30 mA, depending on the extent 
of the shading. This decrease forces the 
solar panel into an overload condition 
because the battery requires a higher 
current than the solar panel can deliv-
er, and the solar panel’s output voltage 
decreases from approximately 11V to 
less than 4V. The design incorporates 
dual-stage current regulation to provide 
optimum current under various temper-
ature conditions.

Stage 1 of the design uses a SEPIC 
topology to take the output of the solar 
panel, which varies from 9V at 25°C to 
6V at 100°C, as the input to the SEP-
IC. The SEPIC design uses a National 
Semiconductor LM5001 operating at 
780 kHz. The solar panel has a nega-
tive-temperature coefficient of −2.2 
mV/°C per cell. For a panel compris-
ing 18 cells, that coefficient amounts 
to −39.6 mV/°C for an unloaded panel. 
This coefficient implies that the solar 

_+

VL1

L1

Q1 IQ1

VQ1
VL2

L2 RL VOUTVIN C2

IC2IL2

+
CIN

VC1

D1

ID1IL1 IC1

C1

Figure 4 A SEPIC is a dc/dc topology that allows the output voltage to be greater than, 

less than, or equal to the input voltage.

+

+

CIN

Q1

C1

C2

D1

T1/LCPL

CONTROL

VIN

VOUT

Figure 5 Replacing the inductor L
2
 of Figure 4 yields an isolated SEPIC.

12V
LEAD-
ACID

BATTERY
BOARD

Figure 3 The solar charger system uses an 18-cell, 3W solar panel as the input source. The system comprises two stages, in which 

the first stage monitors the solar panel’s voltages using a SEPIC topology and provides the output voltage, which tracks the input of 

the solar panel’s voltage over the temperature range. 
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panel’s voltage varies by −40 mV/°C. 
That is, if you get 9V at 25°C, then a 
variation of 75°C (40 mV/°C), or 3V 
will occur at 100°C.

A SEPIC is a dc/dc converter that 
allows the output voltage to be great-
er than, less than, or equal to the input 
voltage and provides an output voltage 
that is of the same polarity as the in-
put voltage controlling the duty cycle 
of the control transistor (Figure 4). 

In continuous mode—that is, when 
the input inductor current, IL1—never 
falls to 0A—the average voltage across 
VC1 equals the input voltage, provided 
that the value of C1 is large enough. 
You can easily visualize this operation 
because the average voltage across in-
ductors L1 and L2 is 0V; the loop com-
prising VIN, L1, C1, and L2 highlights 
the fact that VC1 equals the input volt-
age. Because C1 blocks dc current, the 
average current through capacitor C1
and IC1 is 0A. Thus, the average cur-
rent through L2 is the average load cur-
rent and independent of input current.

Replacing inductor L2 with a trans-
former yields an isolated version of a 
SEPIC. Using a coupled inductor—
that is, a 1-to-1 transformer—in place 
of L1 and L2 makes the design more 
cost-effective and allows you to replace 
inductors L1 and L2 with one magnetic 
element. You can then redraw the sche-
matic (Figure 5). Turning on Q1 holds 
the positive C1 terminal that connects 
to the drain of Q1 at ground level, and 
1-to-1 transformer T1 induces a volt-
age equal to the input voltage at the 
junction of D1 and C1. Thus, the volt-
age across capacitor C1 equals the in-
put voltage. The SEPIC can provide 
an output voltage that is greater than 

or less than the input voltage, accord-
ing to the follow equation: (VOUT/VIN)=
D/(1−D), where VOUT is the output 
voltage, VIN is the input voltage, and D 
is the duty cycle of the main FET, Q1. 

Because the solar panel has limit-
ed current-output capability, you must 
consider the inrush-current capability 
of the circuit. The LM5001 control el-
ement operates at 780 kHz, which de-

termines the internal soft start. The 
design incorporates an external soft-
start circuit comprising D1/D1A, R, and 
soft-start capacitor, CSS, to extend the 
soft-start time and ensure that the solar 
panel does not become overloaded dur-
ing turn-on (Figure 6).

By changing the value of RB in Fig-
ure 7 to adjust the voltage divider in 
the first stage of the SEPIC, you can 

_

+

D1

COMPARAT0R PIN

D1A VCC

CSS

R

Figure 6 The design incorporates an 

external soft-start circuit to extend the 

soft-start time and ensure that the solar 

panel does not become overloaded dur-

ing turn-on.
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Figure 7 Changing the value of R
B
 adjusts the SEPIC voltage’s setpoint to accommo-

date different solar panels’ voltages. You can adjust a resistor divider comprising R
T
 

and R
B
 to match the SEPIC’s reference voltage, typically 1.34V at 25°C, which a ther-

mal board generates.
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Figure 8 The second stage comprises a SEPIC that operates in boost mode with con-

stant current-charge control and charges the 12V battery.
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adjust the SEPIC voltage’s setpoint to ac-
commodate different solar-panel voltages. 
You can adjust a resistor divider compris-
ing RT and RB to match the SEPIC’s ref-
erence voltage, typically 1.34V at 25°C, 
which the thermal board generates. A 
string of diodes generates a reference volt-
age that varies with temperature, thus pro-
viding temperature compensation to the 
design. The output of the first stage tracks 
the solar panel’s voltage and adjusts for 
varying temperature. It is critical that the 
reference circuit comprising the string of 
diodes be close to the hot spot to track the 
temperature variation.

BATTERY-CHARGE CURRENT
The second stage of the design compris-

es a SEPIC that operates in boost mode 
with constant current-charge control. 
This SEPIC charges the 12V battery (Figure 8). Adjusting 
the value of RCA1 and RCA2 allows the adjustment of the bat-
tery-charging current to meet customer needs. You set the 
battery-charging current, IBAT, by dividing the reference volt-
age, which diode D1−VD1’s forward drop sets; a typical value 
is 0.183V at 25°C. You then divide the result by RCA1+RCA2. 
Because the reference voltage’s drop, due to D1, varies with 
temperature, this calculation accounts for the battery’s 
charging-current variation over temperature: IBAT=(VD1)/
(RCA1+RCA2). You set the two-stage current charging by by-
passing the RCA2 current-set resistor once the temperature 
reaches 60°C. Adjusting the RTB and RBB resistor values in 
Figure 8 sets the second-stage converter’s boost voltage.

When the solar panel is in shade, its current capabili-
ty decreases, resulting in overloading of the solar panel be-
cause of the fixed load on the solar panel; battery charging 
requires this fixed load. This overloading reduces the solar 
panel’s output voltage. The RBR/RTR divider that connects to 
the LM4041 in the first stage senses the solar panel’s output 
voltage, which initiates a restart mode by disabling the sec-
ond stage of the circuit by pulling down on the enable pin of 
LM5001 (Figure 9). 

Once you remove the fault condition that shading causes, 
the solar panel’s voltage increases and allows the circuit to 
operate in the normal condition. The RBR/RTR divider senses 
when this voltage falls due to shading and rises again. The di-
vider disables the second stage by pulling down the LM5001’s 
enable pin.

BOOST OVERVOLTAGE PROTECTION 
If you accidentally disconnect the thermal board that 

houses both diode D1 in Figure 8 and diode string VREF in 
Figure 7, the boost output voltage will clamp to a fixed out-
put voltage, thus preventing the output voltage from exceed-
ing a fixed, predetermined level and preventing any damage 
to the battery. 

The following equation determines the maximum boost 
voltage in case of an accidental disconnection of the ther-
mal board: VBOOSTCLAMP=[(R0+RTB+RBB)/(RBB+R0)]VREFLM5001, 
where the LM5001’s reference voltage is nominally 1.26V, 

ensuring that the battery does not ex-
ceed its overvoltage limit.

Test data on the unit over tempera-
ture in the lab using a dc source shows 
the performance of the two-stage solar-
charger circuit. Figure 10 shows the 
battery-charging current versus tem-
perature, and Figure 11 shows the 
voltage from the solar panel versus 
the overall charger efficiency. Figure 
12 shows the typical waveforms of the 
circuit, highlighting the battery-charg-
ing current, the output ripple, and the 
switch node’s waveform.

At 60°C, the circuit moves into the 
second-stage current regulation, in 
which the current to the battery in-
creases. The bolded text in column 7 
in Table 1 highlights this transition 
point. This transition point provides 

optimum efficiency for the application because 60°C is the 
normal operating temperature for the application.

The solar-powered lead-acid battery charger connects to 
the battery using an industry-standard onboard-diagnostic-
connector interface or another equivalent connection mech-
anism. You can adjust the design to accommodate various so-
lar panels with different power and voltage ratings. You can 
also modify this cost-effective design to incorporate short-

RESET–
ENABLE 
PIN OF
CONTROLLER

RTR

RBR

R

R

VIN

Figure 9 The R
BR

/R
TR

 divider that con-

nects to the LM4041 in the first stage 

senses the solar panel’s output volt-

age, which initiates a restart mode by 

disabling the second stage of the circuit 

by pulling down on the enable pin of 

LM5001.
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circuit protection with only three extra 
components.EDN 
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Figure 11 Efficiency falls off rapidly when the input voltage from the solar panel falls 

below 6.5V. 

Figure 12 Typical converter waveforms 

highlight the battery load (top) and the 

boost output ripple current (bottom).

Figure 10 The normal operating temperature for the charger is 60°C. 

BATTERY–CHARGING
CURRENT (A)

TEMPERATURE ( ˚C)

0.12

0.10

0.08

0.06

0.04

0.02

0
25 30 40 50 60 65 70 80 90 100

G
re

a
t 

V
a

lu
e

 i
n

 T
e

s
t 

&
 M

e
a

s
u

re
m

e
n

t
Si

m
pl

ic
it

y
Q

ua
lit

y
A

cc
ur

ac
y

Se
ns

it
iv

it
y

HAPRO Electronics
Tel: +1-516-794-4080 · Fax: +1-516-794-1855

sales@haproelectronics.com

www.haproelectronics.com · www.hameg.com

 Programmable 2/3/4 Channel

Power Supply HMP Series

  HMP2020:  1x 0…32V/0…10A 1x 0…5.5V/0…5A

  HMP2030:  2x 0…32V/0…5A 1x 0…5.5V/0…5A

 HMP4030: 3x 0…32V/0…10A

 HMP4040: 4x 0…32V/0…10A

LCR-Bridge HM8118

  20Hz…200kHz

 Basic Accuracy 0.05% 

  Functions: L, C, R, |Z|, X, |Y|, G, B, D, Q, , Δ 

  Programmable U & I Bias

250MHz/350 MHz 2/4 Channel 

Oscilloscope HMO Series

   DSO/MSO with 8/16 logic channels 

(Mixed Signal Opt. HO3508)

   Serial Bus Trigger and decode I2C, SPI, 

UART/RS-232 (Option)

 Pass Fail Test based on Masks

  Low noise fan

1GHz/3GHz Spectrum Analyzer 

HMS Series with and without TG

   Frequency Range 100kHz…3GHz

   Measurement Range -114…+20dBm 

DANL -125dBm/-135dBm (Preamp.)

  Resolution Bandwitdh 100Hz…1MHz

Standard EMI RBWs (-6dB) included

  6.5“ TFT VGA Display, DVI Output

from

$4,422

$2,011

from

$3,581

from

$1,419

EDN100624_035   35 6/23/10   3:14:01 PM



36  EDN  |  JUNE 24, 2010

EDN100624_036   36 6/22/10   4:35:56 PM



JUNE 24, 2010  |  EDN  37

E
mbedded computers are finding 
their way into products ranging 
from automobiles and aircraft to 
mobile devices and tabletop con-

sumer appliances. Designers working in the 
embedded market face many challenges 
in selecting the right processor or micro-
controller and software. They must then 
demonstrate that the product they design 
works. If it doesn’t work, they need to pin-
point the cause of failure and provide a fix. 
To help designers accomplish that goal, 
test-and-measurement companies are of-
fering a variety of instruments, including 
oscilloscopes, logic analyzers, and protocol 
analyzers. In addition, software companies 
are making test-software suites that can 
put a product through its paces and ensure 
that it will meet customer expectations.

TESTING
EMBEDDED 
DATA BUSES 
AND ANALOG 
SIGNALS

INSTRUMENT MAKERS HELP DESIGNERS MEASURE 
THE BEWILDERING ARRAY OF ANALOG AND DIGI-
TAL SIGNALS EMBEDDED PROCESSORS, FPGAS, 
AND APPLICATION-SPECIFIC CUSTOM AND STAN-
DARD ICS CAN GENERATE.

The ESC (Embedded Systems Conference) Silicon 
Valley, which took place in San Jose, CA, in April, 
provided test-and-measurement companies an oppor-
tunity to highlight their offerings for the embedded-
system market. Test-related products on display ranged 
from traditional oscilloscopes through logic analyzers, 
protocol analyzers, and software as vendors tried to at-
tract customers who are designing processors, FPGAs, 
and other components into their embedded systems.

Tektronix showcased mixed-signal oscilloscopes at 
ESC, presenting the results of a time-and-motion study 
it sponsored that demonstrated how long it takes en-
gineers to find runts and glitches when debugging de-
signs. According to the study, users perform typical de-
bugging tasks 53% faster when using Tektronix scopes, 
such as the MSO4000 mixed-signal oscilloscope (Fig-
ure 1), than with competitors’ versions.

SERIAL AND PARALLEL BUSES
“We know from our own research that 60% of oscil-

loscope users are working with serial buses today and 
50% are working with parallel buses,” says Gina Ma-
ria Bonini, technical-marketing manager at Tektronix. 
With users’ emphasis on digital debugging, Tektronix 
wanted to know how efficiently its scopes could sup-
port customers compared with competitors’ scopes 
selling for $19,000 to $21,000, she adds. Toward that 

BY RICK NELSON • EDITOR-IN-CHIEF
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end, Tektronix commissioned Hansa 
GCR to conduct in-person interviews 
with 47 experienced oscilloscope users, 
asking them to complete the same de-
bugging task. 

“This directional research indicated 
that users were able to find runts and 
glitches in a signal twice as fast with the 
Tektronix oscilloscope compared to the 
Agilent and LeCroy scopes,” says An-
drea Eaker, senior research consultant 
at Hansa GCR. “Users also found the 
automated search feature and available 
triggers particularly useful in complet-
ing these tasks, and Tektronix received 
the highest satisfaction ratings overall.”

The study asked the participants to 
set up each oscilloscope to monitor for 
glitches and runts, set up a trigger and 
capture a runt, and search the waveform 
to locate all runt instances. According 
to Bonini, the ability to quickly perform 
those steps helps users pinpoint signal-
integrity problems that relate to timing 
errors, bus-contention issues, metasta-
bility, setup-and-hold violations, and 
various physical-layer issues involving 
termination and other problems.

Bonini attributes the Tektronix scopes’ 
performance in the study to the compa-
ny’s digital-phosphor technology, which 
enables the capture of 50,000 wave-
forms/sec. “With the digital-phosphor 
technology, we overlay waveform after 
waveform to try to duplicate the analog-
scope experience so that users can see 
when there are anomalies in a signal,” 

she says. The MSO4000 also has an au-
tomated-search feature that is useful for 
long-record oscilloscopes that can per-
form 10 million-point acquisitions, rep-
resenting 10,000 screens of data. With 
the MSO4000, a user can set up a runt 
trigger and leave the oscilloscope run-
ning overnight or over a weekend, look-
ing for metastability or other problems.

EMBEDDED-TEST TOOLS
Dan Monopoli and William Driver, 

product-marketing managers at LeCroy, 
describe the types of instruments and 
capabilities embedded-system design-
ers—versus designers in other areas—

are looking for. LeCroy customers are 
in two broad camps: those who attend 
ESC and those who attend DesignCon. 
Although both Monopoli and Driver 
attended ESC, the show tends to be the 
domain of Monopoli, who is primarily 
responsible for products that operate as 
fast as 1 GHz. DesignCon, on the oth-
er hand, is more the domain of Driver, 
who is primarily responsible for prod-
ucts in the 1- to 6-GHz range.

According to Monopoli, customers 
at ESC are looking for instruments that 
can handle decoding for I2C (inter-in-
tegrated-circuit), SPI (serial-peripher-
al-interface), and UART (universal-
asynchronous-transmitter/receiver) sig-
nals. In contrast, DesignCon attendees 
are looking for high-bandwidth scopes 
that can help investigate signal-integ-
rity issues on high-speed buses, such as 
USB 3 and PCIe Generation 3. Design-
Con attendees are early adopters who 
are bringing up new silicon or perhaps 
don’t even have silicon yet but are pre-
paring to make measurements when it 
does arrive. 

LeCroy exhibited 6- and 30-GHz 
scopes at ESC to demonstrate the com-
pany’s broad product lineup, but Driv-
er says that he answered more ques-
tions about Monopoli’s product lineup 
than about his own. Having high-end 
instruments at ESC gave the company 
the chance to demonstrate the consis-
tent options, capabilities, and interfac-
es across the full lineup of instruments, 
Driver explains.

Monopoli says that this year’s ESC 
Silicon Valley attendees were not look-
ing for high bandwidth or tremendous 
memory depth but rather extensive 
measurement capabilities that would 
enable them to handle mixed-signal 
circuits as well as I2C, SPI, and, increas-
ingly, CAN (controller-area-network) 
buses, which are finding use beyond tra-
ditional automotive applications. Pro-
spective customers also want all these 
capabilities at an attractive price that 
will enable them to get prompt pur-
chase approval. A hot topic at Design-
Con one year, he says, will turn out to 
be a hot topic at ESC a few years later 
as prices for new technology fall to a 
point at which it can serve in embed-
ded-system applications (see sidebar 
“Opportunity at the edge”).

At ESC, LeCroy introduced its Arb- 
Studio AWGs (arbitrary-waveform 

AT A GLANCE
↘ Automated search assists scope 

users in deciphering 10 million-point 

signal acquisitions.

↘ Hot topics at DesignCon one 

year become hot topics at the ESC 

(Embedded Systems Conference) a 

few years later.

↘ FPGAs, serial buses, and DDR 

memory are increasingly driving 

embedded designs.

↘ MSOs (mixed-signal oscillo-

scopes) will complement—not 

replace—logic analyzers.

↘ The computer industry drives 

down the price of technology so 

that it becomes feasible for embed-

ded designs.

Figure 1 Mixed-signal oscilloscopes, such as the Tektronix MSO4000, have become 

key embedded-system test tools. Tektronix commissioned a study by Hansa GCR, 

which concluded that engineers can find runts and glitches twice as fast with the 

Tektronix scope as with competitive scopes.
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generators) and LogicStudio 16 logic 
analyzer. The ArbStudio AWGs (Fig-
ure 2a) generate signals as fast as 125 
MHz and include PWM (pulse-width-
modulation) capabilities. The software 
interface that controls the hardware 
simplifies waveform creation with a 
navigation tree that allows easy access 
to all channels. 

The ArbStudio series includes four 
models: two- and four-channel versions 
with analog waveform capabilities plus 
two- and four-channel versions offering 
a combination of analog waveform and 
digital pattern-generation capabilities 
that Monopoli describes as the AWG 
versions of mixed-signal oscilloscopes. 
The four-channel models have an ex-
pansion port that allows you to connect 
as many as eight units. All models have 
a 125-MHz bandwidth, 1G-sample/sec 
maximum sample rate, 2 million-point/
channel memory, and 16-bit resolution. 
The instruments support both true arbi-
trary and DDS (direct-digital-synthesis) 
technologies. ArbStudio software runs 
on an external PC. According to Mo-
nopoli, LeCroy chose ESC for the intro-
duction because it well fits the embed-
ded-system-test niche with an attractive 
less-than-$5000 price. Prices for the 
models range from $2490 to $4990.

LeCroy also debuted at ESC its Log-
icStudio 16 (Figure 2b), which brings 
logic-analyzer functions to a PC, pro-
viding 16 channels with a sample rate 
of 1G sample/sec and maximum input 
frequency as great as 100 MHz. Logic-
Studio 16 software provides a dynam-
ic waveform display with an intuitive 

user interface. Tools for digital debug-
ging include timing cursors, zooming 
and panning functions, a persistence 
display, and a history mode that can 
replay old data captures. LogicStudio 
supports protocol analysis for I2C, SPI, 
and UART interfaces. It can trigger on 
specific bus addresses or data packets. 
With a $990 price, the LogicStudio 16 
is neither the most expensive nor the 
least expensive USB logic analyzer in 
its class, says Monopoli. A key benefit 
is that LogicStudio provides a commu-
nication link to LeCroy’s WaveJet os-
cilloscope, thereby turning a PC in to a 
mixed-signal debugging environment.

WEB RELIANCE
One company con-
spicuous in its absence 
from ESC was Agi-
lent Technologies, 
the largest test-and-
measurement compa-

ny. Joel Woodward, se-
nior product manager for 

Agilent’s oscilloscope group, explains 
that Agilent last exhibited products a 
couple of years ago when it introduced 
the InfiniiVision 7000. However, says 
Woodward, who also is responsible for 
the midrange Infiniium models that 
target the embedded-system market, 
the company has found more cost-
effective ways—primarily, the Inter-
net—to reach prospective customers. 
He cites the increasing tendency to 
build Web servers into instruments, 
enabling prospective customers to re-
motely testdrive them and get a full 
demonstration without attending a 
trade show.

If Agilent had exhibited products, 
Woodward says, he would have dem-
onstrated the company’s logic analyzers 
and oscilloscopes as they apply to three 
technologies, each of which applies to 
multiple markets. The company would 
also have highlighted its probing tech-
nology (Figure 3). After all, Agilent’s 
instruments can’t measure signals if 
there’s no way to access them on the 
board under test.

OPPORTUNITY AT THE EDGE
Edge devices—ranging from sensors to cell phones—are promising to 
capture signifi cant investment as the electronics industry rebounds 
from recession, according to Greg Peters, vice president and gen-
eral manager of the component-test division of Agilent Technologies. 
Speaking May 25 at a press conference at the International Microwave 
Symposium (www.ims2010.org), Peters described edge devices as 
products that touch the real world. He said that investment is increas-
ingly moving from the core—computers or servers in back rooms—to 
the edge, with edge devices accounting for billions of dollars in sales. 
Applications include security, health, and environmental monitoring, 
with medical applications for portable or surgically implanted devices 
increasing rapidly.

The engineers building systems of edge devices will be experts in 
their application area, Peters said, not in electronics—which is simply 
the tool they need to get the job done. In addition, the proliferation of 
wireless sensors will drive bandwidth requirements. To address the 
core-to-edge trend from a test-equipment perspective, Agilent is offer-
ing handheld RF-network and spectrum analyzers, including a new two-
port version with built-in calibration.

Figure 2 LeCroy’s ArbStudio AWGs generate signals as 

fast as 125 MHz and include PWM capabilities. ArbStudio 

software runs on an external PC (a). The LogicStudio 16 

brings logic-analyzer functions to a PC (b).

(a)

(b)
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Agilent would choose to highlight its 
technology that employs FPGAs, which 
have grown to a $3 billion market from 
the niche market they constituted in 
the early 1990s. Woodward says that 
FPGAs are often the centerpieces of em-
bedded designs for medical, consumer, 
industrial, aerospace and defense, and 
even mobile-computing markets. Agi-
lent serves designers of embedded sys-
tems incorporating FPGAs by offering 
dynamic-probe technology that lets de-
signers incrementally peer into FPGAs, 
seeing additional sets of signals 
with a few mouse clicks.

If Agilent had attended 
ESC, it would also have ad-
dressed memory and serial-bus 
technologies. “DDR memory 
has really taken hold in the 
embedded market, and a lot of 
embedded development teams 
using DDR memory have 
acute needs for validating and 
debugging their memory solu-
tions,” Woodward says. These 
products include oscilloscopes 
and logic analyzers for physi-
cal- and protocol-layer analy-
sis. He concurs with his coun-
terparts at LeCroy and Tek-
tronix on the ubiquity of se-
rial buses, such as lower-speed 
buses I2C and SPI. High-speed 
buses are also appearing in 

embedded designs (Figure 4). Agilent 
also offers approximately 20 protocol-
analysis products, many in conjunc-
tion with its oscilloscopes. 

SOFTWARE APPROACHES
Not all test products on exhibit at 

ESC were test instruments. For exam-
ple, Kozio representatives were on hand 
to highlight the company’s software for 
design validation, manufacturing test, 
and in-field test. The company offers 
a suite of software tools for embedded 

systems. According to Joseph Skazin-
ski, co-founder and chief business-de-
velopment officer at the company, the 
software provides broad datapath cov-
erage and standardized diagnostic tests 
across functional areas. It also supports 
fast, automatic troubleshooting, giving 
users maximum control. Skazinski says 
that customers can save $100,000 in 
test development and debugging costs 
per project and achieve a three-month 
reduction in time to market.

The Kozio suite helps PCB (printed-
circuit-board) designers contend with 
increasingly complex boards. Skazinski 
cites Mentor Graphics figures showing 
that average board sizes have decreased 
over the last 15 years from 101 to 75 in.2. 
Component counts, however, have in-
creased from 649 to 3399, component 
pins have increased from 4214 to 13,505, 
and the number of pin-to-pin connec-
tions has increased 5190 to 10,960. 
Meanwhile, designers are contending 
with tight schedules, limited resources, 
design and manufacturing silos, and the 
need to deal with remote teams.

For design validation, the tools sup-
port interactive hardware debugging, 
fault isolation, characterization, and re-
gression testing. For manufacturing test, 
they support parallel test and IP (intel-
lectual-property) protection, and con-
tract manufacturers can adapt them. In 
the field, the tools support built-in self-
test and diagnostics. The tools provide 
coverage of memory, data buses, user 
interfaces, displays, and cameras, as 

well as audio, networking, and 
wireless functions.

Kozio’s recent product in-
troductions include an expan-
sion of its Diagnostics Design 
Suite in-system diagnostics soft-
ware to support the PowerPC 
460GTx and 460 SX storage 
processors from Applied Micro 
Circuits. Kozio’s tool provides 
at-speed functional tests with 
interactive and automated in-
terfaces. This year, the compa-
ny announced support for the 
new OMAP (Open Multimedia 
Applications Platform) 4 from 
Texas Instruments.

If you are looking to embed 
instrument capability into your 
systems, you might consider the 
line of board-level backplanes 
that National Instruments in-

Figure 4 Serial buses often provide key debugging access 

points. Agilent’s Infiniium series oscilloscopes provide pro-

tocol-level triggering and decoding for more than 15 serial 

buses ranging from I2C to PCIe. Agilent’s newest protocol-

decoding application supports JTAG, or IEEE 1149.1.

Figure 3 The two test points for probe attachment may sometimes be inconveniently 

far apart. Agilent’s wedge probe adapter provides hands-free, mechanicanically nonin-

vasive contact to fine-pitch IC pins in embedded-system boards.
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troduced at ESC (Figure 5). The new 
backplanes, previously available only as 
part of NI’s PXI (PCI extensions for in-
strumentation)/CompactPCI (Periph-
eral Component Interconnect) and PX-
Ie (PXI Express) chassis, allow OEMs to 
create their own custom, rugged enclo-
sures that can accommodate PXI, PXIe, 
CompactPCI, and CompactPCIe (PCI 
Express) modules.

The more than 10 new 3U and 6U 
backplanes offer four to 18 slots. Engi-
neers can design custom installations 
and enclosures around the backplanes 
and integrate more than 1500 PXI 
modules, including data-acquisition 
cards; FPGA-based I/O modules; high-
end instruments, such as signal genera-
tors and RF-signal analyzers; and a va-
riety of bus-interface modules, includ-
ing serial, MIL-STD (military-stan-
dard)-1553, IEEE 1588, Profibus, and 
DeviceNet versions.

Designers can use the NI LabView 
graphical-system-design platform to de-
sign, prototype, and deploy all aspects 

of their systems, in keeping with what 
Casey Weltzin, LabView real-time 
product manager at NI, describes as a 
focus on letting domain experts in ro-
botics, medical, and energy industries, 
for example, take a large role in embed-
ded-system designs.

EMBEDDED TEST’S FUTURE
You can expect instrumentation of-

ferings to continue to evolve as vendors 
develop strategies to help their custom-
ers contend with embedded-system de-
signs, but don’t expect the demise of 
any instruments or the emergence of 
drastically new ones. The industry has 
seen the decline of some classes of in-
strumentation. Agilent’s Woodward 
points out that board-level emulators, 
for example, have declined because you 
can get the functionality of a $30 emu-
lator board for a nickel’s worth of on-
processor silicon.

The emergence of MSOs (mixed-
signal oscilloscopes) might suggest that 
they will put logic analyzers on a path 
to follow board-level emulators, but 
vendors of both classes of instruments 
don’t expect that scenario to happen. 
Tektronix’s Bonini says that the logic 
analyzer will remain the tool of choice 
for logic designers who need to dig deep 
into protocol layers to troubleshoot de-
signs with multiple buses. For logic-an-
alyzer users who need to look at analog 
effects, Tektronix offers a multiplexer 
within its logic analyzers that can route 
signals to an oscilloscope without the 
inconvenience and loading effects of 
trying to attach two probes to a circuit 
node of interest.

Access to serial buses and instru-
ments that can decode the bus proto-

cols will become increas-
ingly important to em-
bedded-system test as cir-
cuitry becomes ever more 
complex. “As the many 
design blocks in embed-
ded systems continue to get 
integrated into ever-more-
dense ICs, such as FPGAs, 
ASICs, and ASSPs [applica-
tion-specific standard prod-
ucts], our experience has been 

that the serial-communications 
buses between blocks don’t disappear,” 
says Woodward. “Often, they are the 
only means of access for a design team 
to get information on what’s happen-
ing in its design.”

Increasingly, those buses will be high-
speed, and you can expect a decrease in 
the time delay between when a bus rep-
resents a hot topic at DesignCon and 
when it’s a hot topic at ESC, as Mo-
nopoli describes. Woodward notes that 
the cost of high-seed serial SERDES 
(serializer/deserializer) buses isn’t that 
daunting. If you buy a modern FPGA, 
it is essentially free. 

“People in the medical industry have 
embraced high-speed serial buses,” says 
Woodward. “In MRI [magnetic-reso-
nance imaging], the buses can move 
large amounts of graphics data from 
one subsystem in a design to another 
subsystem. A lot of times, we think of 
embedded as a lagging industry, but 
embedded has wholeheartedly em-
braced the adoption of high-speed se-
rial links. I think FPGAs are driving a 
big part of that. You’ll also find a num-
ber of ASSPs that have begun incor-
porating these high-speed transceivers 
that are also priced so that they work 
in the embedded market. The wonder-
ful thing about the computer industry 
is it will drive the price of advanced 
technology down so it becomes feasi-
ble for embedded teams to implement 
them in their designs.”EDN
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Figure 5 Board-level backplanes, previously available only as part of National 

Instruments’ PXI/CompactPCI and PXIe chassis, allow OEMs to create their own 

custom rugged enclosures, which can accommodate PXI, PXIe, CompactPCI, and 

CompactPCIe modules.
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Dynamic and static CMR: 
impacts to signal integrity
OPTOCOUPLERS CAN PROTECT SYSTEMS AND USERS 

FROM HIGH-VOLTAGE SURGES. THEY CAN ALSO REJECT HIGH 

COMMON-MODE TRANSIENT NOISE THAT WOULD OTHERWISE 

RESULT IN ABNORMAL VOLTAGE TRANSITIONS OR EXCESSIVE 

NOISE ON THE OUTPUT SIGNAL. 

 N
oise can have many sources. It can, for ex-
ample, come from nearby electric fields’ ca-
pacitive coupling, magnetic fields’ induc-
tive coupling, or conductive coupling due 
to differences in ground potentials. To com-
bat this noise, devices often use CMR (com-

mon-mode rejection) to reject signals that are common to 
the input. This parameter is important especially in noisy 
environments because noise appears as offset in the inputs. 
The ability of a device to attenuate the noise and to trans-
mit signals across it is important for signal integrity.

The key factors that determine the CMR performance 
of a device are common-mode voltage and common-mode 
transient noise. When the common-mode noise voltage is 
larger than the interface’s input range or the input com-
mon-mode voltage’s rejection range, you must use galvan-
ic isolation. The switching current that causes voltages to 
spike often generates common-mode transient noise, which 
you define using the voltage and the rate of change. You 
must filter both common-mode noise and transient noise to 
ensure that the input signal does not become corrupt. 

THE ISOLATOR’S ROLE
An isolator connects two electrical modules within a sys-

tem to ensure that the system can transmit signals with-
out a physical connection to the destination. Light is the 
most common mode through which you can transmit a sig-
nal within an isolator. In this case, you use an optocoupler 
as an isolator not only to protect systems and users from 

high-voltage surges but also to reject high common-mode 
transient noise to either set of floating points, which other-
wise may result in abnormal voltage transitions or excessive 
noise on the output signal. 

The key parameter that measures the success of rejecting 
common-mode signals in an isolator is the common-mode 
current during a voltage transient. The following equation 
defines the common-mode current: ICM=C(dV/dt), where 
C is the parasitic capacitances due to packaging—pin-to-
pin leadframe or wirebond leadframe, for example—and 
capacitance at the signal-coupling interface between the 
LED and the detector and dV/dt is the rate of the transient-
voltage signal. This equation assumes that external factors, 
such as PCB (printed-circuit-board) layout or component 
placement, are optimized and contribute little parasitic 
capacitance. 

To reduce the common-mode current, it is important to 
reduce these parasitic capacitances. The large separation 
between the LED and the photodetector—0.08 to 1 mm 
in a representative part, such as Avago’s (www.avago.com) 

BY YEO SIOK BEEN •  AVAGO TECHNOLOGIES
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ACPL-J313—minimizes the parasitic 
capacitance and thus results in small 
leakage current during common-mode 
transients. The part also has a built-in 
proprietary Faraday shield between the 
input LED and the photodiode to pro-
vide increased common-mode noise 
rejection. 

This internal transparent, conductive 
shield allows optical coupling to the 
photodiode but diverts electrically cou-
pled current to the ground pin, improv-
ing the parasitic capacitance, which in 
turn improves the CMR of the optocou-
pler. In addition, this shield helps to dis-
charge the charges that accumulate on 
the detector chip due to large common-
mode voltage that is applied across the 
device for a substantial period of time. The ACPL-J313 can 
improve CMR performance by as much as 40 kV/μsec at 
1.5-kV common-mode voltage. 

On the other hand, a design in which the microcontroller 
is far away from the isolation interface and which thus has 
long wire traces, can easily pick up inductive noise and cor-
rupt the signal. In this case, a direct-drive optocoupler, such 
as the ACPL-M61L, acts as a “natural” filter. A resistor is 
required to limit the current that drives the LED in an op-
tocoupler (Figure 1). Together with the intrinsic input ca-
pacitance of the LED, the resistor/capacitor pair acts as a 
lowpass RC filter to shunt away the high-frequency noise.

STATIC AND DYNAMIC CMR
An isolator has both static and dynamic CMR. Static 

CMR is the signal-rejection capability when the input is 
static at either a logic high or a logic low. This situation usu-
ally occurs when the system is in the idle, or standby, state. 
During this state, some parts of the system are turned off to 
save power, leaving certain modules on to detect the input 
signal. The system must maintain and hold at the same log-
ic regardless of the static common-mode noise in the envi-
ronment. This requirement ensures that the noise does not 
falsely trigger the system.

In a dynamic environment, the 
system transmits a signal that toggles 
between logic high and logic low. To 
prevent the common-mode noise 
from corrupting the input signal, the 
system must filter the noise using dy-
namic CMR. Typically, the dynam-
ic CMR, or ac voltage, of a system 
is worse than the static CMR, or dc 
voltage, and the CMR capability is 
worse at higher common-mode volt-
ages for dc voltage. 

Dynamic CMR ensures that the 
system does not lose signals during 
operating mode. During this mode, 
most parts of the system are operat-
ing, and any erroneous signal the sys-
tem transmits will cause the connect-

ing devices to erroneously turn on or off. This situation may 
result in a short circuit; overheating; or the destruction of 
expensive devices, such as motors and machines.

REJECTING COMMON-MODE TRANSIENTS
Some optocouplers adopt a level-triggered coding scheme. 

In this scheme, the LED detects the level of forward current 
the input signal sets and pulses the light output to the detec-
tor. In contrast, an edge-triggered coding scheme adopted 
in other isolators generates 
small voltage pulses during 
the transition edge of the in-
put signal (Figure 2). 

The duration of the cur-
rent or voltage pulses is 100 
nsec, for example, in a lev-
el-triggered coding scheme, 
such as that in an Avago 
ACPL-072L. As such, dy-
namic transient noise is less 
likely to corrupt the signal 
in these systems than in edge-triggered coding schemes, in 
which these pulses last 2 to 3 nsec. Due to the short rise and 
fall times of the LED current, the dynamic transient noise 
will probably result in a slight increase or decrease of pulse-
width distortion in the level-triggered coding scheme. The 
edge-triggered scheme, in contrast, can possibly momen-
tarily miss pulses. In short, optocouplers with level-triggered 
coding have inherently better dynamic-CMR performance. 

Figure 3 shows the dynamic-CMR performance of a lev-
el-triggered optocoupler—the ACPL-072L—that can with-
stand a 10-kV/μsec dynamic-CMR surge at a 25-Mbps sig-
nal rate, rejecting the dynamic CMR to preserve signal 
integrity.EDN
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Figure 3 The ACPL-072L can withstand a 10-kV/μsec dynamic-

CMR surge at a 25-Mbps signal rate. The yellow trace denotes 

the common-mode transient, and the green trace denotes the 

output signal. The ACPL-072L rejects the dynamic CMR to pre-

serve signal integrity.

TYPICALLY, THE 
DYNAMIC CMR 
OF A SYSTEM IS 
WORSE THAN THE 
STATIC CMR, AND 
THE CMR CAPABILITY 
IS WORSE AT HIGHER 
COMMON-MODE 
VOLTAGES FOR DC 
VOLTAGE.
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Tracking notch filters find use 
in harmonic-distortion analyz-

ers; they also can remove heterodyne 
noise from ham-radio systems. A con-
ventional tracking switched-capacitor 
notch filter relies on a bandpass filter, 
a voltage-to-frequency converter, and a 
notch filter to track the incoming signal 
and remove undesired tones. The band-
pass filter in these circuits sometimes ad-
justs to the wrong frequency, meaning 
that the undesired tone would have no 
attenuation.

The circuit in this Design Idea uses IC1, 
a 74HC4046 PLL (phase-locked-loop) 
IC, which operates as fast as 1 MHz, to 

improve the noise immunity of the sys-
tem (Figure 1). IC2, an RDD104 IC from 
LSI Computer Systems Inc (www.lsicsi.
com), provides a 1000-to-1 divider in an 
eight-pin package. IC3, Mixed Signal In-
tegration’s (www.mix-sig.com) MSHN5 
1000-to-1 clock-to-corner switched-ca-
pacitor highpass/notch filter, comes in 
an eight-pin package.

You feed IC1’s VCO (voltage-con-
trolled oscillator) output into the clock 
input of IC2. IC2 can perform 10-, 100-, 
1000-, and 10,000-to-1 divisions using 
the DIV1 and DIV2 pins. You tie the out-
put of RDD104 to the COIN of IC1. By 
using IC1’s EX/OR phase comparator, you 

can improve noise immunity. You apply 
the input signal to both IC1 and the input 
of IC3, whose clock you derive from the 
CLKOUT pin of IC2.

The MSHN5, IC3, contains both se-
lectable highpass filters and selectable 

DIs Inside
46 Image-capture system uses 
USB and LabView

48 Low-cost RF synthesizer 
uses generic ICs

49 Tricolor LEDs create 
a flashing array

▶To see all of EDN’s Design 
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Notch filter autotunes 
for audio applications
John R Ambrose, Mixed Signal Integration, San Jose, CA
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Figure 1 This audio notch-filter circuit uses a PLL to improve noise immunity.
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notch filters. When you tie the FSEL pin high, it selects notch; 
tying TYPE to AGND selects the narrow notch filter. This step 
ensures the removal of only one tone from the input signal with 
little information loss. IC3’s 1000-to-1 clock-to-corner ratio re-
duces the chance that aliasing signals will affect the output. For 
voice applications, for example, no signals of 500 kHz or higher 
would be available to alias into the passband. A sample setup 
uses an input frequency of 789.13 Hz at a clock frequency of 
789.13 kHz, 1000 times the input signal (Figure 2). The PLL 
tracks the input, moving the notch filter to 1.24 kHz.EDN

Figure 2 You feed the 

circuit an input tone 

(top trace) and get the 

output signal from the 

MSHN5 (second trace). 

The third and fourth 

traces represent the 

clock signal from the 

74HC4046 PLL.

Capturing and processing graphi-
cal images requires manipulating 

data into a form that you can use. This 
Design Idea describes an imaging system 
using a USB (Universal Serial Bus ) im-
age-capturing system that uses OmniVi-
sion’s (www.ovt.com) 640×480-pixel, 
8-bit-color OV7660 image sensor. The 
CY7C68013A-128AXC from Cypress 
Semiconductor (www.cypress.com) pro-
vides a USB interface between a PC and 
the image sensor (Figure 1). The con-
trol software is written in LabView from 
National Instruments (www.ni.com/
labview).

To avoid losing data from the image 
sensor, the system employs a data buffer in 
the image-processing algorithm. The buf-
fer uses system memory for data storage. 
The queue ensures that the system will 
not lose data regardless of how much time 
it takes to process each row in an image. 
This technique is useful in measurement 
systems in which the speed of data acqui-
sition and data processing may differ.

Figure 2 shows the programming flow 
chart. After the system starts, you must 
set the driver to NI-VISA (Virtual Instru-

ment Software Architecture), a software 
layer that provides a common program-
ming interface across many types of mea-
surement instruments and software driv-
ers. Once you set the driver, you can initi-
ate the USB device. LabView provides a 
driver wizard that helps you to build driv-
ers. The LabView code for this graphic-
system design can easily implant USB 
data transmission and its applications. 
You can download the LabView code 
from the online version of this Design 
Idea at www.edn.com/100624dia.

After initializing the USB device, the 
software allocates system memory in a 
FIFO (first-in/first out) configuration 
to become the data buffer. A memory 
endpoint sets the input buffer’s size to 4 
kbytes. The software then reads the image 
in rows and stores data from the sensor in 
the buffer memory. After reading the data 
from the buffer, the system image uses 
two threads to process the data.

Figure 3, available with the online 
version of this Design Idea at www.edn.
com/100624dia, shows the LabView pro-
gramming diagram for USB data transmis-
sion. The program includes for-loop pro-

cedures for storing the image in the buf-
fer memory, reading and processing image 
data, and performing state checking. 

Image-capture system uses 
USB and LabView
Chien-Hung Chen and Po-Jui Chen,

National Applied Research Laboratories, Hsinchu, Taiwan
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Figure 1 A USB bus controller lets a PC control an image sensor.
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Figure 2 This algorithm lets a host PC 

capture data from the image sensor.
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The main processing algorithm ob-
tains and displays red, green, and blue 
data of each pixel. Figure 4, available 
with the online version of this Design 

Idea at www.edn.com/100624dia, shows 
the test result. The element in the buf-
fer shows that the system processed 
614,400 pixels. The actual amount will 

vary based on the PC’s performance. A 
powerful PC can smoothly run this pro-
gram, whereas a weak PC will cause the 
data to accumulate in the buffer.EDN

You can design a hardware-based 
frequency synthesizer with one 

inexepensive IC and a few passive com-
ponents. Such synthesizer chips are not 
always available, however, because they 
are typically single-sourced and are not 
in stock with parts distributors. The need 
for a working circuit in a short time and 
using common parts prompted the cre-
ation of the circuit in this Design Idea. 
The synthesizer covers the US commer-
cial AM (amplitude-modulation) broad-
cast band. It tunes in 10-kHz steps from 
500 to 1800 kHz, but you can scale the 

frequencies for other applications.
The PLL (phase-locked loop) time 

base is a 100-kHz, tuning-fork-cut crys-
tal of the same size as those in wrist 
watches. Using a more common crystal 
requires some extra parts to scale the fre-
quency. Note that if you attempt to use 
one of these tiny crystals with a CMOS-
gate oscillator circuit, however, the cir-
cuit will either fail to start or exhibit vis-
ible jitter. A discrete-transistor Franklin 
oscillator, such as the one comprising Q3 
and Q4 works better (Figure 1). This cir-
cuit also works well in the VCO (volt-

age-controlled-oscillator) portion of the 
synthesizer.

You use IC4A, one-half of a 74HC390 
dual decade-divider IC, to divide the 
100-kHz reference into the 10-kHz fre-
quency that the PLL uses. This 10-kHz 
square wave feeds one input of the phase 
comparator, IC3, and drives a voltage-
tripler circuit comprising D12 through 
D15. This tripler creates approximately 
12V and obviates the need for a second 
higher-voltage power rail. You need the 
12V to bias the VCO’s varactor diode to 
the top of its tuning range.

The VCO, comprising Q1 and Q2, 
runs at twice the desired output fre-
quency. Varactor diode D1 and inductor 
L1 provide a tunable tank circuit. Any 
varactor for AM-radio tuning should 

Low-cost RF synthesizer uses 
generic ICs
James B Wood, Inovonics Inc, Felton, CA
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Figure 1 This AM-radio-band frequency synthesizer uses common off-the-shelf parts.
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You can build a matrix of RGB 
(red/green/blue) LEDs using a sim-

ple and inexpensive circuit comprising the 
control logic and driver circuit in Figure 
1 and some LEDs (Figure 2). The cen-

ter RGB LED is the first to come on, after 
which each sequential LED in the 8×8-
LED matrix follows. This process gives the 
appearance that the display is alive and 
moving outward. This sequence repeats, 

producing a rainbow effect of colors.
You can adjust the frequency of each 

clock by changing the values of R17, 
R19, and R23. Use different frequencies 
for each clock, which will display eight 
colors from the 65 tricolored LEDs, be-
cause using the same frequencies for all 
the clocks causes your display to appear 
white. The cost of building this circuit 

Tricolor LEDs create a flashing array
Jeff Tregre, www.BuildingUltimateModels.com, Dallas, TX

   ↘

work. The capacitance of these diodes 
varies from 500 pF with no dc bias to 25 
pF with a 12V reverse bias. IC1A divides 
the LC oscillator by two to yield a sym-
metrical output waveform.

IC2 further divides the VCO to the 
PLL’s frequency. IC2, an eight-stage bi-
nary counter, resets itself to zero when it 
reaches the desired count. IC1B, a pulse-
stretching one-shot, ensures that all sec-
tions of IC2 reset at the target count. You 
program the divider with DIP switch S1. 
Diodes D2 through D9 supply the neces-
sary AND-logic function.

To set the synthesizer frequency, you 
first calculate the required divisor. For 
a 1140-kHz output, you must divide 
the VCO by 114 to equal the PLL’s fre-
quency of 10 kHz. You can close the DIP 
switches in S1—in this case, switches 64, 
32, 16, and 2—so that the numbers add 
up to the divisor: 114.

The PLL comparator is a three-state 
phase and frequency detector (Reference 
1, in the online version of this Design Idea 
at www.edn.com/100624dib). When the 
divided VCO frequency is greater than 10 
kHz, the Q output of IC3B goes high and 

the Q output of IC3A pulses at a 10-kHz 
rate. This action turns on Q6, back-bias-
ing D16 to create a high-impedance state 
with respect to the 12V supply. Loop-filter 
capacitor C2 then discharges through R15 
and Q5. When the divided VCO is lower 
than the loop frequency, the Q output of 
IC3A goes low, turning off Q5 and creat-
ing a high-impedance state with respect 
to ground. Q6 now pulses on and off, al-
lowing C2 to charge through D15 and R16. 
At PLL lock, Q5 is off and Q6 is on, except 
for a narrow “keep-alive” pulse at the loop 
frequency.EDN
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Figure 1 Three 555 timers generate clock signals, and CD4017 counters provide the drive signals for the transistors.

should be $25 to $30. You can purchase 
100 5-mm RGB LEDs from eBay for a 
total of about $18. Be sure to use com-
mon-cathode LEDs.

This simple circuit comprises three 
clocks and three counters, one for each 

of the three LED colors. Setting each 
clock frequency to a different rate causes 
each color of each LED to appear to be 
random. All resistors are 0.25W, except 
for R3, R8, and R13, which are 0.5W; R4, 
R9, and R14, which are 1W; and R5, R10, 

and R15, which are 1.5W resistors. These  
high-wattage resistors and the 12 NPN 
transistors are necessary because all LEDs 
in this matrix, except the center one, 
connect in parallel. Start by bending all 
of the ground leads flat and connecting 
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them together. When wiring the LEDs, 
begin in the center and work outward. 
You can then mount the LED board 
onto the top of the PCB (printed-circuit 
board). See the online version of this De-

sign Idea at www.edn.com/100624dic for 
photos, a parts list, and a video of this cir-
cuit in action. 

To add the finishing touches to your 
project, use a small picture frame and in-

stall waxed paper onto the inside of the 
glass. Mount the LED board ¼ to 1 in. 
away. The magnifying lens of the LEDs 
will produce a beautiful effect when they 
shine through the waxed paper.EDN

Figure 2 The LED in the center lights first, and the light then moves outward until the circuit products an 8×8-LED display.
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productroundup

DMOS microstepping motor drivers feature 
overcurrent protection

   ↘
The A4982, A4984, A4985, and A4988 series of DMOS microstepping motor 
drivers include built-in translators for easy operation and overcurrent protection 

to reduce the rework cost in both manufacturing and normal operations. Targeting 
office automation, the devices operate bipolar stepper motors in full-, half-, quarter-, 
eighth-, and 16th-step modes, with an output-drive capacity as high as 35V and ±2A. 
They include fixed off-time current regulators, which can operate in slow or mixed 
decay modes. The translators allow the devices to drive the motor one microstep by 
inputting one pulse on the step input. The devices require no phase-sequence tables, 
high-frequency control lines, or complex interfaces to program. They come in several 
package options, including a 28- and 32-contact, 5×5×0.9-mm QFN. Prices range from 
$1.21 to $1.40, and prices for the 2A versions range from $1.46 to $1.68 (1000).
Allegro Microsystems, www.allegromicro.com

MOTION

AC-motor switches cut 
cost of control for 
appliance applications

   ↘
The ACST4, ACST6, and 
ACST8 ac-motor switches tar-

get use in appliance-control motors. 
The switches include a power triac that 
delivers enhanced commutation perfor-
mance to turn off the motor without 
requiring external components to sup-
press voltage transients and to ensure 
reliable switching. Unlike conventional 
triacs, the switches also integrate pro-
tection against surge voltages as high as 
2 kV on the ac line in accordance with 
the international IEC 61000-4-5. The 
ACST410 and ACST610 switches 
have a trigger current of 10 mA, allow-
ing direct control by a CMOS device, 

such as a microcontroller, without 
requiring a buffer or a driver. The 
ACST435 and ACST830 devices have 
noise immunity of at least 1000 and 
2000V/μsec, respectively, complying 
with the IEC 61000-4-4 fast-transient-
burst test and eliminating any need for 
conditioning of the trigger signal. The 
ACST4, ACST6, and ACST8 have 4, 
6, and 8A maximum on-state current, 
respectively, and 800V blocking volt-
age. The family comprises 14 parts, and 
prices start at 70 cents (10,000).
STMicroelectronics, www.st.com

Linear-actuator family 
integrates position 
sensor in small 
package

   ↘
The LAS13 series of linear 
voice-coil actuators offers 6 mm 

of total stroke and 15.5N peak force in 
packages measuring only 1.3 in. in 
diameter and 1.1 to 1.8 in. long. The 
fully housed LAS13-18-000A incorpo-
rates an analog position sensor and self-
alignment capabilities through its 
internal shaft bearings and is ready for 
drop-in installation. The model has a 
position accuracy of 10 to 20 microns. 

The fully housed LAH13-18-000A has 
the same self-alignment capabilities but 
without the position sensor. The semi-
housed LA13-11-001A features self-
alignment only, and the basic LA13-
11-000A model has no housing, sensor, 
or alignment, so that customers can 
adapt it to their needs. The price for 
the fully integrated LAS13-18-000A is 
in the $300s (production quantities).
BEI Kimco Magnetics, 
www.beikimco.com
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The sensor operates at −40 to +150°C 
and has accuracy of 0.5% at 360°. The 
bushing/panel-mount-style sensor fea-
tures a standard ¼-in. D flat shaft in a 

low-profile package measuring 13 mm. 
The sensor incorporates technology 
that is sensitive only to the flux density 
coplanar with the IC’s surface, optimiz-
ing accuracy for absolute position feed-
back from 0 to 360°. The package main-
tains a true noncontacting air gap 
between the rotating magnet and the 
fixed sensing system. The device has a 
mechanical life of as many as 50 million 
cycles. The PSC-360 sells for less than 
$20 (production quantities).
Piher North America,

www.piher.net
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Noncontacting, 360° 
rotary position sensor 
features switch function 
and high-temperature 
operation

↘
The programmable, noncontact-
ing PSC-360 Hall-effect mag-

netic sensor features a switch function 
that lets you program the switching 
point at any angle, allowing maximum 
design flexibility. You can also use the 
device in multiturn applications. The 
device incorporates both on and off 
positions that provide a secondary posi-
tion verification for improved safety, 
which is important for mission-critical 
applications in harsh environments. 

Panasonic
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WIRELESS RF MODULES

Highly flexible, 
cost effective 
RF Modules 
for a wide 
variety of 
wireless Personal Area Network (PAN) 
applications. Extended range products 
featuring small footprints combined 
with revolutionary network firmware 
flexibility. Available in 802.15.4, 
Bluetooth®, ISM and Relative Position 
Awareness (RPA)  technologies.

www.panasonic.com/indus/rf/

piccomponentsmarketing@us.panasonic.com
1-800-344-2112
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BRIAN CONLEY • CIRCUITSVILLE ENGINEERING LLC

About an hour later, he came stomp-
ing over to my desk and growled at 
me: “It doesn’t work; fix it.” I didn’t 
argue but went into the lab to see what 
the problem was. The power came in 
through a connector that was supposed 
to be impossible to connect backward. 
Nevertheless, the senior engineer had 
managed to put it in backward. Putting 
the connector in backward was easier 
than I had imagined and could become 
a trap for a new user. I correctly plugged 
in the connector and tried the circuit to 
see whether any damage from voltage 
reversal had occurred. 

When I was satisfied that the board 
was undamaged, I started to think about 
how I could prevent this scenario or at 
least show that it had happened. I got 

two LEDs—one red and one green—
and two resistors out of the stockroom. 
I added these parts to the board so that, 
if a user correctly connected the power, 
the green LED would light. If the user 
incorrectly connected the power—that 
is, connected it backward—the red LED 
would light.

I reconnected the board to the test rig 
and informed the senior engineer that I 
had fixed it. He barked an acknowledg-
ment, so I went off to do other things.

Until recently, every board I have 
designed has had at least one green 
LED to be able to start debugging when 
things go wrong. This arrangement 
lets me know that at least the power 
is connected and on. In other places, I 
add more LEDs to signal that things are 

working—or not. I add probe points so 
that I can easily stick a meter or a scope 
probe onto the board to more quickly get 
to the bottom of the problem. I also add 
a place I can solder in a bare wire; I can 
clip a ground lead to this wire. 

Recently, though, when designing a 
board for a client, I decided to omit the 
LED. It was a simple enough board, so 
what could go wrong?

Several days after my client received 
the board, I received a panicked e-mail. 
This message set off a frantic series of 
messages back and forth about the board’s 
not working to specification and signals’ 
feeding through to other signals. What 
was the problem? After a day of worry, 
the client realized, and sheepishly admit-
ted, that he had correctly connected the 
power but had neglected to turn on the 
bench supply. Everything appeared to be 
working because the microcontroller got 
its power from the USB (Universal Serial 
Bus) line and the microcontroller LED 
was on. He didn’t make the connection 
that the power supply was off for more 
than a day. When he finally flipped on 
the power supply, everything was fine.

In the next revision, this board will get 
a green LED, too. Now, I take this step 
not just for me but also for my clients. 

Here’s a recent update: A later ver-
sion of this board added fuses and TVS 
(transient-voltage-suppressor) devices for 
ESD (electrostatic-discharge) protection. 
In addition, the client told me that the 
board was to be compatible with auto-
motive power systems. From research, 
I found that automotive voltages can 
range from 7.2 to 28.8V. So I tested the 
board over that range and noted that, just 
below 10V, the LEDs flickered and went 
out. Debugging showed that the fuses had 
blown, but not why. I replaced the fuses 
and tried again, with the same result. It 
turned out that the chosen TVS had a 
clamp voltage of 9.6V. When the input 
got to that voltage, the TVS acted as a 
short circuit and blew the fuse, saving the 
board but screwing up my testing.EDN

Brian Conley is an engineer with Cir-
cuitsville Engineering LLC (Beaverton, 
OR).

T
roubleshooting a design—and adding things to that 
design to help in troubleshooting—is among the 
things engineers learn along the way. I learned this 
lesson during my first gig as a consultant. A crusty, old 
senior engineer had directed me to create a fixture, so 
I drew a schematic and gave it to the technician to 

build. When she was finished, she handed it to me. I tested and 
then disconnected it and put it on the senior engineer’s desk.

www.edn.com/tales+

Go on green
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What is the missing 
component?

1-800-831-4242  | www.Jameco.com

Electronics instructor Ollie Circuits planned to show his class of freshman electrical engineering 
students how to use a super capacitor as a memory back-up capacitor, but first he wanted to show 
how the students could make their own super capacitor and demonstrate its charge/discharge cycles
with the simple circuit above. Most of the components were already on his workbench, the homemade
super capacitor would be made from several layers of lemon juice-soaked paper towels interleaved
between several layers of a mystery material to form a multi-layer stack.The stacked layers would 
then be sandwiched between the two copper-clad PC boards and held together with a rubber band.
Ollie rushed to a nearby pet shop. What did he buy? Go to www.Jameco.com/brain7 to see if you 
are correct and while you are there, sign-up for our free full-color catalog.
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LTC3788/-1

TG1

BG1

TG2

BG2

VIN
(4.5V to 38V)

VOUT2
(Up to 10A)

VOUT1
(Up to 10A)

GND

VBIAS

100% Duty CycleOperation

High Power Dual
Synchronous Boost

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

Our LTC®3788 is a new generation dual synchronous boost controller with the performance and features to power high current
circuits such as fuel injection systems and audio power amplifiers. Its powerful on-chip N-channel MOSFET drivers deliver
up to 10A of continuous output current per channel to voltages as high as 60V with efficiencies over 95%. The LTC3788’s
synchronous operation ensures superior thermal performance, greatly simplifying mechanical design.

Info & Free SamplesFeatures

www.linear.com/3788

1-800-4-LINEAR

• Input Voltage: 4.5V to 38V
- Down to 2.5V After Start-up

• Output Voltage: Up to 60V
• Minimal Input Ripple
• Multiphase Capable for

Higher Output Current &
Low Input Ripple

• Up to 97% Efficient
• Standby Quiescent Current: 125μA
• Powerful 1.5    Gate Drivers
• RSENSE or Inductor DCR Sensing
• LTC3787: 2-Phase Single Output

Minimal Temp Rise in the MOSFETs
No Heatsink or Air Flow

1, 2, 3 & 4 are Top and Bottom MOSFETs
VIN = 9V, VOUT = 12V, IOUT = 8A (96W)

Max Temp Rise = 43.7°C

EDN100624_056   56 6/22/10   4:42:45 PM


