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NI data acquisition products are the most trusted computer-based measurement
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devices available, offering superior accuracy and maximum performance. analysis functions for
NI CompactDAQ systems feature more than 50 measurement-specific modules and Sensor andl ?igﬂgUl
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Cypress Semiconductor can hurt you.

by Robert Seitz, AMS
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What makes a legacy IC? Here we take a look
at some original parts and discuss why it might
be a good idea to revisit their use.
by Dennis Feucht, Innovatia Laboratories
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NE55¢ Auto pulse generator senses and responds to a probed load
Read 10 or more switches using only two 1/O pins of a microcontroller
ol 1 Successfully choose complementary bipolar transistors
Synchronized regulator produces coherent noise
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High-Voltage Buck Control ICs for
Constant LED Current Regulation

EMI Filter Rectifier IC and Switches LEDs
Line —»>| I I > > . 2
IC
IRPLLED7 Demo Board
LED Current vs Input Voltage
390
380
370 —
g 360 /
% 350 //
5 w0 —
LEDriviR"
IRS2980 M i deerbadaas
Input Voltage
Part Gate Startup
Number FEHECD HOJECE Drive Current Current G TTEN)
IRS2980S S0-8 450V +180/ -260 mA <250 pA <150 kHz
IRS25401S S0-8 200V +500/ -700 mA <500 pA <500 kHz
IRS25411S S0-8 600V +500/ -700 mA <500 pA <500 kHz

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

IRS2980 Features

e Internal high voltage regulator
e Hysteretic current control
 High side current sensing

* PWM dimming with analog or PWM
control input

e Free running frequency with maximum
limiting (150kHz)

IRS2980 Benefits

© Low component count

e Off-line operation

e \ery simple design

e |nherent stability

e |nherent short circuit protection

Demo Board Specifications

e |nput Voltage 70V to 250V (AC)

e Qutput Voltage 0V to 50V (DC)
 Regulated Qutput Current: 350mA
e Power Factor > 0.9

e | ow component count

e Dimmable 0 to 100%

e Non-isolated Buck regulator

International

Rectifier
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JOIN THE CONVERSATION CONTENT
Comments, thoughts, and opinions shared by EDN’s community Can’t-miss content on EDN.com
In response to Bill Schweber’s Power 10 SOFTWARE TIPS FOR
— Points blog post “Wi-Fi appliance HARDWARE
Q) power control: Easy, but is it good?”
at www.edn.com/4405262, \EV':GITNEE.!} S .
David Sherman commented: en transiioning
; from hardware
TUREET; “The one mandatory requirement I'd like to design to include
impose on any engineer designing any such software design,
thing is that it have a mechanical ‘disable’ here are 10
11 switch. In the case of fancy appliances that software tips that
a | need software to operate, the switch would just hardware engineers should keep
disable the Web interface. This would be helpful in mind when they start developing
for troubleshooting, as well as for security.” software.

www.edn.com/4405862

In response to “‘Linux is obsolete’ thread is
started, January 29, 1992,” an entry in EDN’s
tech-history blog, EDN Moments, at www.edn.
com/4405860, przemek commented:

“This whole story illustrates why engineering is all
about trade-offs and good judgment. In principle,
microkernels have many advantages, and could
be easily ported, but in actuality it was ‘good-
enough’ Linux that _would_ get ported
everywhere. It reached a commodity

status: | have it on all our smartphones,

and it is running on my TV, DVD player,

and all wireless routers.”

ULTRA HDTV:
A COMPLETE WASTE
OF CONSUMERS’ MONEY

There have been a lot of
comparisons and contrasts
between this year’s “Ultra HDTV”
hype and the “3-D TV” promotion
of the not-too-distant past. But
Ultra HDTV won'’t
mean a darn thing
once you get out
of the electronics
superstore and
your nose is no longer pressed
up against the display.

EDN invites all of its readers to constructively and creatively comment
on our content. You’ll find the opportunity to do so at the bottom of
each article and blog post. www.edn.com/4406032

® ENGINEERING COMMUNITY I oo B

‘ Opportunities to get involved and show your smarts u ‘?; ' L [ ¢ Eé| |
@y ;
FAMOUS PEOPLE YOU MAY NOT KNOW ARE ENGINEERS 3] B

We all have talents, and some of those talents outshine others. In late January, EDN took a look at six
well-known, even famous, people who have an engineer’s mind and skills but who have been acclaimed
for talents other than engineering. Those six individuals—including rockers, starlets, and presidents —
sparked conversation among the post’s readers, who were eager to share in the comments section the
names and bios of other “hidden” engineers. Are you aware of any others with engineering gifts who have
been acclaimed for other achievements? Join the conversation and let us know. www.edn.com/4405678

IMAGE(S): THINKSTOCK, ISTOCKPHOTO
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Send for free 180 pg PICO Catalog

See PICO’s full Catalog Immediately on the internet

www.picoelectronics.com

E-mail: info@picoelectronics.com
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EDN.COMMENT

BY SUZANNE DEFFREE, EXECUTIVE EDITOR

Why your company’s competitor

won’t hire you

ecent news from Silicon Valley courtrooms brings to mind the
hit song “Hotel California,” released in 1977 by American
rock band the Eagles. Lead singer Don Henley has said that
the song is about excess, but its famed “you can check out any
time you'd like, but you can never leave” lyric is ringing true
this month when it comes to employment in tech.

By now you’ve likely heard about
the emails and documents brought to
light by a recent case that alleges sev-
eral technology companies—including
Apple, Google, and Intel—violated
antitrust laws by entering into formal or
informal agreements to not recruit each
other’s employees (read.bi/W9j6B5).

In short, emails such as one from
the late Steve Jobs to Google’s Eric
Schmidt, in which
Jobs tells Schmidt that
Google should stop
recruiting in Apple’s
iPod group, are being
produced as evidence
that some companies
adopted “no hire”
policies. Under these
policies, companies
agreed not to hire one
another’s top talent, in
some cases even if the
employee was not being poached and
was actively seeking new employment.

The case comes after a separate 2010
settlement in which the Department
of Justice said some tech companies
kept do-not-call lists to avoid competi-
tive recruiting, and that such agree-
ments restrained competition and hurt
employees.

And it’s reminiscent of a case that
revolved around Mark Papermaster,
an engineer who in 2008 was taken
to court by his former employer, IBM,

12 EDN | FEBRUARY 2013

CONTRACT

when he moved to Apple. IBM claimed
Papermaster violated “noncompete”
agreements he signed 26 years prior
when accepting the IBM job that said he
would not work for a Big Blue competi-
tor for a year after leaving the company.

In the end, a ruling came down that
stated IBM and Apple were competi-
tors, even if their products played in
entirely different fields, because both
companies worked on
devices that incorpo-
rated MPUs. In 2009,
Papermaster was
allowed to work at
Apple, but not until
six months after his
IBM resignation and
with a ball of addition-
al strings attached.

All of these non-
compete dealings,
be they behind-the-
curtain handshakes or legal documents
engineers are forced to sign for mere
employment, hark back to some pre-
union work era when you signed up at
a company to make enough to feed the
family and stayed there until you retired
(or died, whichever came first).

You can almost picture a sinister-
looking character from HR, twirling his
handlebar mustache with one hand and
holding a noncompete agreement in the
other, saying, “You can check out of the
company anytime you like, but you can

/

never leave for other employment at a
company we see as arival.” And if IBM,
focused on large-scale electronics, got
away with claiming consumer-oriented
Apple was a rival, any tech company
could be considered another’s competi-
tor. Cue the guitar solo.

What makes these courtroom unveil-
ings even more disturbing is that Apple
and Google, the two biggest names in
the case, are among the most pioneering
and powerful companies in California,
if not the world.

Allowing for different surroundings
and environments can inspire new ideas
and innovations. Hindering employees’
abilities to move to the best positions
for their skills will impede their growth,
not to mention make for a slew of bitter
employees.

How much more innovation would
occur if employees and their ideas could
move more fluidly from company to
company, from industry pillar to start-
up, from competitor to competitor! The
argument Apple and the like will surely
make is that keeping top talent in-house
allowed them to create a steady stream
of innovation while maintaining share-
holder growth and overall value.

Such agreements instead force
stagnancy upon companies looking to
bring in new blood and cause employees
locked into their present companies to
mentally “check out,” sticking around
only for the paycheck. Any ethical
HR person will tell you a dead-weight
employee is not great for business, or co-
worker morale. Those who do manage
to make it to the door, like Papermaster,
remain weighed down by their former
shackles for some time.

Extinction of noncompete and no-
hire policies may be considered bad
for business, but it could do wonders
for engineering—not to mention for
engineers looking to climb the career
and salary ladder. And, while this is an
oversimplification, when engineers and
innovation grow, so does business.

What do you think? Share your
thoughts on such agreements online at

www.edn.com/4405856.

Contact me at suzanne.deffree@ubm.com.

[www.edn.com]



They say simulation
is the sincerest form
of flattery.

1984 marked the beginning of a new
era for analog and mixed signal circuit
simulation. Cadence® PSpice® was
introduced and electrical engineers
were able to simulate circuits on their
PCs with speed and accuracy never
thought possible. In the 28 years
since PSpice was first released, many
competitors have attempted to
duplicate its capabilities and success.
None have achieved that goal, and
PSpice remains the standard by which
all others are judged.

While the imitators try to simulate the
success of PSpice, it continues to be an
innovator leading the way with the most
advanced circuit simulation available.
Features like multi-core processing, 64
BIT precision, IBIS 5.0 support, and user
customization mean the standard is
now higher than ever. Why settle for
anything less?

To learn more about PSpice 16.6:
www.ema-eda.com/PSpice16_6

cadence
EMA ‘ Rﬁiilgn': ation”

ema-eda.com
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Python speeds up GaN models

nyone following developments in high-
Apower RF knows that GaN is hot (pun

intended). According to research firm
Yole Développement, there is a great deal of
R&D activity in this market. In March 2012,
the company projected the power GaN mar-
ket would grow to nearly $10 million in 2012
and $500 million in 2016 —up from less than
$2.5 million in 2010.

When new semiconductor processes are
introduced, they are usually slowly integrated
into device modeling and characterization
tools. If a process takes off, however, the
capabilities of the device modeling and char-
acterization tools must keep pace, or even
anticipate the needs of the new market.
Agilent Technologies, for example, recently
announced a new version of its Integrated
Circuit Characterization and Analysis Program
(IC-CAP) for high-frequency device charac-
terization and modeling, offering parameter
extraction, data analysis, instrument control,
and interface responsiveness. It also now
includes Angelov-GaN modeling and Python
scripting. This announcement actually includes
two noteworthy topics: GaN and Python.

Angelov-GaN is an industry-standard com-
pact device model for GaN semiconductor
devices. Since GaN devices typically oper-
ate at high power, it is important to be able
to model thermal issues and their impacts
on device characteristics. Designers working
with GaN quickly realized that GaAs models
were not good enough. Fortunately, Professor
Iltcho Angelov at Chalmers University of Tech-
nology (Gothenburg, Sweden) developed his
Angelov-GaN model as an alternative.

In IC-CAP 2013.01, Agilent has embraced
the Angelov model with the W8533 Angelov-
GaN extraction package. An interface lets users
execute a step-by-step extraction flow to obtain
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model parameters. A turnkey flow aims to pro-
vide quick-start modeling of GaN devices.

The Agilent product uses Python scripting.
Why Python? The Python program may soon
lay claim to the title of most used interpreter
language. Roberto Tinti, device modeling
product manager with Agilent EEsof EDA,
thinks an advantage of Python is the support
of a large, open-source community. “Some
of our major customers have started to use
Python for their projects,” says Tinti, “and we
decided to support it natively in our platform
in addition to our own native language, called
PEL.” Python is 100x faster than Agilent’s
Programming Extraction Language, the lan-
guage that IC-CAP users have been using to
customize their applications.

The new IC-CAP release includes support
for Smartspice simulations, as well as support
for gain compression and two-tone intermodu-
lation distortion measurements with Agilent’s
PNA-X network analyzer. The software is avail-
able for download at http://bit.ly/YIRSFV.

—by Janine Love
Agilent Technologies,
www.agilent.com

—Commenter Calibrator, in

response to Pallab Chatterjee’s
blog post "What will be in the
auto black box?” at www.edn.
com/4404670. Join the conversa-
tion and add your own comment.
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In Agilent’s Angelov-GaN

extraction package,
an interface lets users
execute a step-by-step

extraction flow to obtain

model parameters.
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For reliable results at the digital output, you have to feed the
converter's input with the purest analog signals available
during development. That's where the R&S®SMA100A comes
in. With nonharmonics of typ. —100 dBc and a wideband noise
figure of typ. —160 dBc up to 750 MHz, the R&S®SMA100A is
at the top of its class in signal quality. This gives you maximum
confidence in your converters' capabilities.

Interested? Then visit
www.rohde-schwarz.com/ad/sma/edn

R&S®SMA100A (9 kHz to 3/6 GHz)
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Dreamlining Boeing and batteries

ou’ve undoubtedly seen
the news that various
fleets of Boeing’s 787

Dreamliner, which recently
went into service, have been
temporarily grounded while an
apparent problem with some
of its battery sets is checked
out. (There have also been
some fuel leaks, but that’s
another story.) Among the bat-
tery issues was a smoke-filled
locker and fire damage that
occurred when a plane was
parked on the runway.

 Any engi-
neer knows

that what
appears to be
‘the problem’
often is just a
misleading
manifestation of
the real problem
elsewhere.

I’m not going to jump to con-
clusions about the problem or
the cause. Any engineer with
any experience knows that
what appears to be “the prob-
lem” often is just a mislead-
ing manifestation of the real
problem elsewhere, while the
actual root cause (or causes)
is frequently buried somewhere
down the line in a long chain
of events. Just because you

DILBERT By Scott Adams

see smoke doesn’t mean that
there’s a fire where you think it
is, so to speak.

There’s no doubt that a lot
of advanced battery technol-
ogy can be found in
the 787. An excel-
lent article from The
Wall Street Journal,
“Dreamliner-like bat-
teries raised con-
cerns” (on.wsj.com/
U9xwV9), and its
associated graphic
show how the Dream-
liner 787 uses lots of
electrical power for
actuators and more,
compared with earlier
aircraft.

Why? That question
is easy to answer: In
order to reduce weight and get
the benefits of electronics and
advanced algorithms, much
of the conventional hydraulic
power and control of the air-
craft has been replaced by
electrically based power and
control—and with advanced
electronics and software, of
course. (Plus, the airframe is
also largely made up of com-
posites, instead of conventional
aluminum, for reduced weight.)

These electrical systems
require lots of batteries for start-
up, backup, and even opera-
tion. The preferred recharge-
able energy-storage technology
for the batteries utilizes lithium-
based chemistry. This makes

sense, since lithium offers
much, much higher energy
density (by weight and volume)
than any other available battery
chemistry.

But much more so than with
older chemistries such as nickel
cadmium, lithium cells also
need lots of careful attention
when charging and discharg-
ing. In addition, their energy
density is so high that there’s a
lot of stored energy in that small
volume, and a failure such as
an internal short can result in
huge current flows and subse-
quent fires or even explosions.
(Note several well-documented
instances of laptops catching
fire even though they were “off”
and not even plugged into their
ac-line chargers.)

So we have the typical engi-
neering situation of a tricky
trade-off. We want the ben-
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efits of lower weight, greater
efficiency, higher energy den-
sity, and so on, but we also
have to accommodate and
anticipate all of the implica-
tions of the technology that
makes these benefits possible.

And as all engineers know, you
can’t plan for everything, so
you also have to have some
independent, overall watch-
dogs in case something hap-
pens that you didn’t think of,
or didn’t plan for.

It’s also true that while lithium
chemistry has such high den-
sity and subsequent danger,
just remember that hydrocar-
bons such as gasoline have
far greater energy density than
the best batteries, yet we have
managed to make that explo-
sive technology into a safe
energy-storage medium and
power source.

Of course, the same politi-
cians and activists who want
engineers to perform miracles
and deliver it all—better effi-
ciency, lower weight, better
products—will also be the first
to scream and point fingers
(and maybe lawsuits) when
they don’t get everything they
wanted, and perhaps were
promised. Once again, no good
deed goes unpunished.

—by Bill Schweber

Power Points blog,
www.edn.com/4405458

[www.edn.com]



Your work is fast-paced.
pw there’s a digital multimeter
that can keep up.

- Agilent 344504 5% Digit Multimatsr
¥ AUTO

05.5000:

Agilent Digital Multimeters. Speed. Accuracy. Confidence.

You deserve throughput among the 34450A Digital Multimeter, 5'> digits
fastest in the industry. That’s what

you'll get with the Agilent 34450A

5% Digital Multimeter. It also gives New OLED display Real-time statistical
parameters

Histogram analysis
Simple pass/fail limits

High speed 190 readings/sec throughput

you more connectivity options for
transferring and analyzing data on a
PC. In short, it’s built to anticipate
everything you need to succeed. Easy connectivity  USB, serial interface (RS-232)
and GPIB

Agilent and our A . :
Distributor Network Limited-time offer: FREE upgrade to

Scan orvisit Right Instrument. A 50k memory and GPIB licensing key:

http://qrs.ly/mp2dvSh Right Expertise. wuipeecmones | 800-433-5700 . .
oo SA10R Delivered Right Now. e o www.alliedelec.com/Ip/agilentdmms/

video demos

© Agilent Technologies, Inc. 2013




pLlse

Tl claims industry’s lowest-phase-noise
frequency synthesizer

exas Instruments has

| introduced a wideband
frequency synthesizer

with integrated voltage-con-
trolled oscillator (VCO) that
delivers what the company
claims is the industry’s lowest
phase noise. The LMX2581
allows designers to use one
frequency synthesizer to sup-

lator to an RF front end for
better receiver sensitivity. Inte-
grated VCOs allow the device
to output frequencies from 50
to 3760 MHz, eliminating the
multiple VCO/PLL combina-
tions typically required to sup-
port a broad range of applica-
tions. The LMX2581 also gives
designers the option to bypass

its internal multicore VCO in
favor of an external VCO.

The ultralow-noise, wide-
band frequency synthesizer
integrates a delta-sigma frac-
tional-N PLL; a multicore VCO
with tank circuit; an optional
frequency divider; two differen-
tial RF output buffers that can
deliver 10 dBm single-ended

on each side; and several low-
noise, high-precision low-drop-
out regulators. This integration
reduces BOM costs.

v Integrated
VCOs allow
the device 1o
output frequen-
cies from 50 to
3760 MHz.

port a variety of
demanding appli-
cations in wireless
infrastructure, radar,
medical imaging,
defense and aero-
space, and test and
measurement.

A phase-detector
frequency of 200
MHz and an ultralow
phase-locked-loop
(PLL) normalized
phase noise of —229
dBc/Hz provide a
precision local oscil-

A phase-detector frequency of 200 MHz and a PLL normalized phase noise
of —229 dBc/Hz in TI's LMX2581 frequency synthesizer provide a precision
local oscillator to an RF front end for better receiver sensitivity.

The LMX2581EVAL evalua-
tion module can be purchased
for $175. The synthesizer’s
companion Clock Design Tool
and Codel.oader software help
speed system design by aiding
engineers with product selec-
tion, loop filter design, and sim-
ulation of timing solutions.

The LMX2581 is available
now in a 32-pin, 5x5-mm QFN
package for a suggested retail
price of $7 (1,000).

—by Steve Taranovich
Texas Instruments,
www.ti.com

Peel-and-stick solar cells circumvent

several fabrication challenges

Researchers at Stanford University, the National
Renewable Energy Laboratory, and Hanyang University
claim to have developed the world’s first peel-and-
stick thin-film solar cells that don’t require any modi-
fication of existing processes or materials. The new
process would allow the creation of decal-like solar
panels that could be applied to virtually any surface.

Unlike with standard thin-film solar cells, the new
process doesn’t require direct fabrication on a final
carrier substrate. Instead, a 300-nm film of nickel (Ni)
is deposited on a silicon/silicon dioxide (Si/SiO,) wafer,
on which thin-film solar cells are then deposited using
standard fabrication techniques and covered with a
layer of protective polymer. A thermal-release tape is
then attached to the top of the thin-film solar cells as a
temporary transfer holder.

Peeling the cells from the wafer involves soak-
ing the structure in a water bath, during which the
thermal-release tape is slightly peeled back, allowing
water penetration into the Ni and SiO, interface, which
results in its separation and the peeling off of the thin-
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film solar cells from the Si/SiO, wafer. When the solar
cells are ready to be applied to a surface, the thermal-
release tape holding them is heated at 90°C for a few
seconds to weaken its adhesion, allowing the cells to
be removed. The cells can then be applied to various
surfaces—including plastics, paper, glass, metal foils,
and textiles—using common adhesives.

Tests have shown that the peel-and-stick thin-film
cells remain completely intact and functional, with no
loss of the original cell efficiency. Looking beyond solar
cells, the researchers believe the process could also
be applied to thin-film electronics, including printed
circuits, ultrathin transistors, and LCDs. For more infor-
mation, see the original paper, published in Scientific
Reports, “Peel-and-Stick: Fabricating Thin Film Solar
Cell on Universal Substrates” (bit.ly/XNRZcA).

—by Rich Pell

Stanford University, www.stanford.edu

National Renewable Energy Laboratory,
www.nrel.gov

Hanyang University, www.hanyang.ac.kr

[www.edn.com]



Renesas power MOSFETs deliver
50% lower on-resistance

enesas Electronics has started to
QSample three new low-on-state-
resistance MOSFET products,
including the yPA2766T1A, optimized for
use as ORing FETs in power-supply units
for network servers and storage systems.
Featuring ultralow on-state resistance of
0.72 mQ (typical) for 30V —about 50% lower
resistance compared with the company’s
earlier products—and a high-efficiency, small-
surface-mount package (8-pin HVSON), the
products enable high-current control, con-
tributing to power savings and miniaturiza-
tion of the power units used for comparably
large-scale server storage systems.
For mission-critical systems, it is com-

.

i \‘11‘\‘\1
Three new power MOSFETs from
Renesas feature on-state resistance of
0.72 mQ (typical) for 30V.

mon to provide redundant power delivery,
for example, by ORing FETs with multiple
power units that maintain high reliability.
These ORing FETs are connected to the
power output lines of each of the power-
supply units. They remain in the on state
during normal operation, but if one of the
power-supply units fails, the ORing FETs
of that unit switch to the off state to isolate
them from the other power-supply units and
ensure that system power is not disrupted.

During normal operation, the power out-
put lines handle large currents of several
tens to several hundreds of amperes. The
ORing FETs must have low on-state-resis-
tance characteristics to prevent an increase
in conduction loss or a drop in the power-
supply voltage.

Sample pricing is $1.20, $1, and $1.80
per unit for the uPA2764T1A, UPA2765T1A,
and pPA2766T1A, respectively. Mass
production was scheduled to begin this
month. —by Ismini Scouras

Renesas Electronics Corp,
am.renesas.com

Microsemi expands SiC
power-module product family

icrosemi has started to sample
M a new generation of industrial-
temperature, silicon-carbide (SiC)
standard power modules aimed at high-
power switch-mode power supplies, motor
drives, uninterruptible power supplies, solar
inverters, oil exploration, and other high-
power, high-voltage industrial applications
requiring high performance and reliability.
The power-module family is also offered
with extended temperature ranges to meet
next-generation power-conversion system
requirements for higher power densities,
operating frequencies, and efficiencies.
SiC technology delivers higher break-
down field strength and improved thermal
conductivity compared with silicon material.
The result is improved performance char-
acteristics, including zero reverse recovery,
temperature-independent behavior, higher
voltage capability, and higher-temperature
operation.

[www.edn.com]

Microsemi’s new SiC power modules
feature multiple circuit topologies and are
integrated into low-profile packages. The
majority of the new module product family
uses aluminum-nitride substrates to enable
isolation from the heat sink, which improves
heat transfer to the cooling system. Addi-
tional features include high-speed switching,
low switching losses, low input capacitance,
low drive requirements, a low profile, and
minimum parasitic inductance, which enable
high-frequency, high-performance, high-
density, and energy-saving power systems.

The company’s SiC product portfolio
includes Schottky diodes in both discrete
and module packages, and power modules
with a mix of SiC Schottky diodes and IGBT
or MOSFET transistors in both standard
and custom configurations.

—by Ismini Scouras
‘Microsemi Corp,
WWW.microsemi.com

CAPTURING MORE OF
THE SUN’S ENERGY

Researchers at the
Massachusetts Institute of
Technology have proposed a
more efficient way of captur-

ing photons for electricity. Their
concept, the solar energy funnel,
is based on manipulating elastic
strain in new “ultrastrength”
optoelectronic materials so that
the materials can capture and
more efficiently collect a broader
range of the solar spectrum.

The researchers used com-
puter modeling to determine the
effects of strain on molybdenum
disulfide (MoS,), a material that
is capable of forming a layer just
a single molecule thick. When
the material is placed under
strain in the solar energy funnel
configuration—using a micro-
scopic needle to poke it down at
the center—its bandgap varies
across the surface so that differ-
ent parts of it respond to differ-
ent colors of light, and the result-
ing photoexcited charge carriers
are conveyed and concentrated
in the center for collection.

The researchers hope to be
able to carry out laboratory ex-
periments at some point to con-
firm the effect.—by Rich Pell

MIT, www.mit.edu

When the material is placed under
strain in the solar energy funnel
configuration, its bandgap varies
across the surface, and the result-
ing photoexcited charge carriers are
conveyed and concentrated in the
center for collection (courtesy MIT).
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Make it better

SIGNAL INTEGRITY

BY HOWARD JOHNSON, PhD

he circuit in Figure 1 includes a plethora of termination
options. The figure shows four results using various com-
binations of component values, each observed at the point
indicated by the purple arrow.
In the first three results, resistor R, is replaced with a 0Q
short, and resistor R, is not installed. This is a classic series-
terminated approach using only resistor R , having values of 33, 18, and

4.7Q, respectively.

Looking at the rising edges, the sig-
nal in each case fails to achieve full
strength on the first stroke, as indicated
by the “plateau” marking on each wave-
form. In each case, subsequent reflec-
tions at 2-nsec intervals push the signal
voltage up toward its 3.3V limit. As
the value of R, is successively reduced,
the first stroke becomes more power-

3.5

ful, climbing higher toward the goal
of first-incident-wave perfection but
never quite achieving it. Even with R,
set to 0Q, this driver will never achieve
perfection when driving a 50Q line,
because the effective driver output resis-
tance, R, is greater than 50Q.

The falling edges tell a different story.
With R, set to 33Q, the initial drop in
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Figure 1 With R,=4.7Q, adding R,=50Q lengthens the signal-transition times, smooth-

ing the signal and limiting the undershoot.
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the falling waveform is 2.7V—a larger
step than the first step in the rising wave-
form. That clue tells us the driver output
resistance in the falling direction must
be less than the output resistance in the
rising direction, a common situation in
CMOS totem-pole drivers. In the third
waveform, by the time R, is set to 4.7Q,
the signal undershoots significantly. The
driver in this case is too powerful.

If your driver output resistance varies
between its rising and falling edges, as
it often does, then no value of series-
terminating impedance can possibly
make both edges perfect—but perhaps
you can make it better.

A higher value of line impedance
helps. To see why, suppose that your
driver has output resistances of 60 and
37Q in the rising and falling directions,
respectively, as in this example. Mate that
to a transmission line with a characteris-
tic impedance of 10,000Q2 using a series
resistor of 9,951Q. The effective imped-
ances in the two driving directions are
now 10,011 and 9,988€Q, respectively—
very close matches to the line impedance.

Of course, you can’t make such a
circuit, but even raising your transmis-
sion-line impedance to 65Q permits a
higher value of R, making R a more
significant part of the circuit and thus
reducing the impact of variations in the
natural output resistance of your driver.

A slower edge helps. The signal rise
and fall time now is about 1 nsec. Some
FPGA drivers have a facility for slow-
ing the edge-transition time, which
would be ideal. If you don’t have that,
try inserting R, =50€ or more in series
with the receiver (fourth waveform).
That additional resistance, working into
the 9-pF capacitance of the receiver,
forms a lowpass filter that can lengthen
the edge-transition times, reducing the
amount of undershoot in the falling
direction and making the waveform less
sensitive to natural variations in the
driver’s output impedance.Ebn

Howard Johnson, PhD, of Signal Consult-
ing, frequently conducts technical work-
shops for digital engineers at Oxford Uni-
versity and other sites worldwide. Visit his
website at www. sigcon.com.
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BAKER'S BEST

BY BONNIE BAKER

Take advantage of an online
design tool’s extended
transimpedance features

ompanies are cutting engineering resources while still
expecting teams to meet tightened product-development
deadlines. Designers need to organize their thoughts and
approach this problem aggressively with an arsenal of design
weapons. Worthy design tools can encompass the analog/
digital simulation models, such as SPICE and IBIS, along
with higher-level tools that offer comprehensive circuit-design solutions.

For example, a common but not-so-
simple design of a photodiode circuit' is
available online for your use.? This tool
provides a complete solution (Figure 1),
including a bill of materials and a proto-
board that you can order.

The solution shown in the figure
is great if you're designing a complete
system, but if you are looking for just
a transimpedance-amplifier solution, I
suggest that you look a little closer at
the website tool. The software user can
elect to use only the transimpedance-
amplifier circuitry in the final design.

As a first step, evoke the software on
the Web and create a full photodetec-
tor system. The circuit’s complete sys-
tem-specification page is embedded in
the Operating Values, Performance view.
(From the front page, select Photodiode,
then click Start Design — Start Design
— Operating Values, Performance.) This
page includes the system SNR, total
output noise, and analog-signal and sys-
tem bandwidths. Note the analog-signal
bandwidth of 330 kHz for this first design.

You are now ready to design your own
transimpedance-amplifier circuit with a
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Figure 1 This reference solution for a complete photodetector-system signal path uses
a photodiode, transimpedance amplifier, and successive-approximation-register ADC;
but what if you need just a transimpedance-amp solution?
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higher analog-signal bandwidth. You can
access the list of amplifiers by clicking
on View Design Summary — Schematic
— Change Op Amp Al. In this view, you
have a list of amplifiers with the low-
est gain-bandwidth product (GBWP) at
the top. Choose any operation amplifier
from this list. If you select the OPA354,
with a GBWP of 250 MHz, the ana-
log-signal bandwidth in the Operating
Values, Performance view will be 3.859
MHz. This new analog-signal bandwidth
opens the door for higher-speed systems,
higher-resolution systems, or both.

This type of application site is indica-
tive of what is in store for the analog
hardware designer now and in the
future. The Webench pages available
now are not just ordinary text pages,
as they provide a library of common-
sense design equations, rules, and tips,
along with robust, up-to-date product-
selection lists. The interactive Webench

This type of appli-
cation site is indica-
tive of what is in
store for the analog
hardware designer.

algorithms tap the expertise of numer-
ous analog experts around the world.
These design tools can provide intuitive
evaluations for constraints such as power
dissipation versus BOM costs versus the
footprint size of your circuit.

The most valuable part of this type
of Webench page is that it is there for
the long term. This “workforce” does
not retire, move to another job, or go
home in the evening. It is at your beck

and call 24/7.epn

REFERENCES

il Ramus, Xavier, “Transimpedance
Considerations for High-Speed Opera-
tional Amplifiers,” Texas Instruments,
Nov 2009, http://bit.ly/XyxmDK.

@ Webench Sensor Designer tool,
Texas Instruments, http://bit.ly/V66Rsv.

Bonnie C Baker is a senior applications
engineer at Texas Instruments.
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TEAR Go to www.edn.com/learning/teardowns

for more Teardowns.

For data sheets on the devices discussed
in this Teardown and thousands of other
parts, go to www.datasheets.com.

Thermometer measures 8.
temperature without contact  eete’s

he Melexis infrared (IR) thermometer makes it safe to measure the surface temperatures

of hot, hazardous, or hard-to-reach objects without having to physically touch them.

(Omega Engineering’s website provides an introduction to IR thermometers: http://bit.ly/

VITSOB.) Simply aim and push the front-panel button to display the remote temperature

(in your choice of °C or °F) in less than a second. Pressing the button a second time will
freeze the measured value on the display. The value will continue to flash until the button is again
depressed, making the device ready for another temperature measurement. Aside from a few minor
issues with the front-panel button, I found the device fairly easy to use.

The MLX90614 IR sensor is built from two chips developed and manufactured by Melexis:

the MLX81101 IR thermopile detector and the MLX90302 signal-conditioning ASSP, which is

specially designed to process the output of the IR sensor. The sensor is housed in a TO-39

can, which also comprises an integrated low-noise amplifier, 17-bit ADC, and DSP. The IC’s LCD removed
digital 10-bit PWM is configured with a digital SMBus output to continuously transmit the from the circuit
measured temperature. The sensor is precalibrated for an object emissivity of 0.95. board.

The MSP430F413 16-bit ultralow-power
microcontroller has 8 kbytes of flash,

256 bytes of RAM, a comparator, and a
96-segment LCD driver to drive the display.
The microcontroller takes the IR sensor’s
DSP PWM signal and converts it to degrees
Celsius or degrees Fahrenheit when the
front-panel switch signal is sensed.

A rear view of the front-panel switch cap
with conductive elastomer to activate the
resistor array.

32,768-Hz oscillator Switch resistive
for the MSP430. array.

A rear view of the circuit board shows the 3V, CR1632
replaceable coin-cell battery in its holder, as well as the
reset-switch circuitry.
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Inertia mismatch: fact or fiction?

s this offen-quoted concept an excuse for inadequate system modeling?

By Kevin C Craig, PhD

ervo systems may be direct drive or geared. For geared

systems, the motor selection also involves a choice

of gear ratio. Figure 1 shows a motor connected to a
load through an ideal (that is, no friction, no backlash, and
no compliance) gear train with gear ratio N. The equation of
motion for this one-degree-of-freedom system is shown in terms
of the load angular
velocity, @, .

The inertia
ratio is the ratio of
the load inertia to
the motor inertia,
J/Ny What is the
optimum value of
this ratio for a par-
ticular value of N?
If you ignore the
motor and load
damping, B,, and
B, respectively, and the load torque, T, the inertia ratio that
maximizes the power transferred from motor to load is N*—that
is, the reflected motor inertia equals the load inertia.

When friction and load torques and system compliance
(for example, coupling or timing-belt compliance) are sig-
nificant, the selection of an optimum inertia ratio is less
straightforward. Figure 2 shows this more general case.

Why do deviations from the so-called ideal inertia ratio of
NZ, called inertia mismatch, often cause servo-system stability
problems, particularly in compliantly coupled systems? This
is a system question, and to answer it you must examine the
frequency-response plot for a compliantly coupled motor and
load, as shown in Figure 3 (N=1, B, =0, B =0).

The anti-resonance frequency, , ,, always occurs before
the resonance frequency, ®,. At a low ] /], ratio, the reso-
nance and anti-resonance frequencies are close to each
other at a high frequency. As ], /], increases, both the anti-
resonance and resonance frequencies decrease, with the anti-
resonance frequency decreasing at a faster rate. For a given
J,» to increase the resonance frequency, you need to either
increase the shaft stiffness, K, or decrease the motor inertia.
As K increases, both o, and ®,, increase. The smaller the

3 din, N S
[N (I, 3+ (1, 40, }]?ar[N'B,, +B, Jo, =NT, -T,

Figure 1 A motor is connected to a load
by an ideal gear train.
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Figure 2 A motor is connected to a load by an ideal gear train
with compliance.

inertia ratio, the less the compliance will affect the system.

All mechanical systems have compliance. You should
base your choice of inertia ratio and transmission ratio (for
example, gear, belt, or lead screw), as well as the design of
the feedback-control system, on a system analysis and not on
poorly defined rules of thumb.eon

N
x

Bode Magnitude Plot

Figure 3 In
a compli-
b antly coupled
102 Frequency (rad/s) 102 motor and )
Oy 1] asensek, 0ad, the ant
: (CRE D L /T R resonance
RS frequency,
o= [KsUutd) 1, =0.002 kg-m? ®,,, always
. K, =200 N-im/rad occurs before
o= K B, = 0.01 Nem-s/rad the resonance
' frequency, o,
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n integrated circuit entering produc-
tion must be available in high volume

to meet the potential demand. Even
though bench testing may show good

T E ST C AN results, in production the device must
be tested with automated test equip-

ment (ATE). What’s more, before the design’s release

H U RT YO U. to production, it must undergo thorough characteriza-

tion to verify that every tested device will fully meet

BY ROBERT SEITZ AMS AG its electrical specifications, as well as to uncover any
process defects that could appear during the fabrica-
tion process. Here, we focus on mixed-signal device
characterization, examining statistical techniques that
ensure repeatability of test results, including testing
over an IC’s rated temperature extremes.
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REPEATABILITY

Before releasing a device and its test
solution to production, you must verify
that the test solution itself is both accu-
rate and repeatable. Gauge repeatability
and reproducibility (GR&R) is a mea-
sure of the capability of a gauge or tester
to obtain the same measurement reading
every time the measurement is taken,
and thus indicates the consistency and
stability of the measuring equipment.
Mathematically, it is a measure of the
variation of a gauge’s measurement.
Engineers must try to minimize the
GR&R numbers of the measuring equip-
ment, since a high GR&R number indi-
cates instability and is thus unwanted.
Reduced GR&R is a means of checking
the repeatability of the test program.

Part of the procedure is to test mul-
tiple sites on a wafer and to do so mul-
tiple times. It’s important to note that
only the actual active site should be
powered. This avoids possible influence
from other sites, such as crosstalk or
interference from RF signals that could
adversely affect test results.

Let’s assume you will test each site

AT A GLANCE

Gauge repeatability and repro-
ducibility, or GR&R, is a measure of
the capability of a gauge or tester to
obtain the same measurement read-
ing every time the measurement is
taken.

Testing at room temperature is
necessary and important, but it’s
even more important to test key
parameters over a device’s fully
specified operating temperature
range.

In addition to testing at the wafer
level, you also have to test pack-
aged parts to determine that no
damage has occurred during the
packaging process.

50 times. With this approach, a 16-site
test solution produces 800 (16x50) test
results. The overall results can show a
possible discrepancy between sites. You
can then calculate the standard devia-
tion and process capability index (Cpk)
across all sites. The goal is to ensure a
good, repeatable test program.

MEAN=8.3407398 STDEV=0.0722274
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A reduced-repeatability-and-reproducibility report such as this one can pro-
vide the data to judge a measurement’s accuracy and stability. Here, one part is tested
100 times on ATE (a), and 300 parts are tested one time on ATE (b). LSL is the lower

spec limit; USL is the upper spec limit.
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Figure 1 shows a comparison between
one part tested 100 times on ATE and
300 parts tested one time on ATE. A
reduced-repeatability-and-reproducibil -
ity report such as the one shown in the
figure can provide you with the data
to judge a measurement’s accuracy (of
the measurement range, for example)
and stability.

To summarize the test sequence:

¢ One site is tested 50 times. All
other sites are disabled (not powered)
during test.

e Approximately 300 parts are tested
with ATE to provide a comparison of
lot variance with device repeatability.

e Statistical tools are used to analyze
the data.

The measurements on the tester
must correlate with the measurement
results in the lab. In each situation, the
project team must define the number of
correlation devices and the parameters
to be tested. This correlation can be
started as soon as the test program is
debugged and stable. At least 10 devices
should be tested to guarantee that the
data is correlating.

CPK CALCULATION

The process-capability-index value—
defined from the mean value, the stan-
dard deviation (sigma), and the upper
and lower specification limit—is an
indication of how well the test param-
eter is under control with respect to
its limits. For many devices, a desir-
able Cpk value would be 1.33, which
would indicate a repeatability value
of three times sigma. For automotive
devices, however, a Cpk value of 2.00
would be preferable because of the Six
Sigma rule.

TEMPERATURE TESTING

Testing at room temperature is neces-
sary and important, but it’s even more
important to test key parameters over
a device’s fully specified operating tem-
perature range. Temperature character-
ization shows the stability of the device
over the specified operating temperature
range. You should test approximately
300 parts at three previously defined
temperatures; in addition, one part must
be tested 100 times at three tempera-
tures in order to calculate drift over tem-
perature. You can use the resultant data
to calculate temperature guard bands.

[www.edn.com]
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This sample temperature-characterization report includes guard bands.

The Y axis represents the number of parts; the X axis shows the measured value.

Characterization is shown for 100 parts tested at +25°C (a), 1072 parts tested at
+25°C (b), 1073 parts tested at +125°C (c), and 462 parts tested at —40°C (d).
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MORE ON GUARD BANDS

In general, test engineering uses two
kinds of guard banding: one for repeat-
ability and one for temperature. There
are both pros and cons to their use.
Engineers turn to repeatability guard
bands to deal with the uncertainty of
each measurement. The following
example looks at drive current:
Segment drive source current:
37 mA (min), 47 mA (max)
LGB limit = lower spec limit + €
=>37.37mA
UGB limit = upper spec limit — €
=>46.53 mA
Here, LGB is the lower guard band,
UGB is the upper guard band, and €
is the uncertainty of the measurement.
The disadvantage of using repeatabil -

ity guard bands is that a good device can
be rejected as a bad device because of
the uncertainty that the example dem-
onstrates. The ideal case would be to
use a guard-band limit of zero so that no
good parts would be rejected. To reduce
the impact of the guard band, you can
improve the stability if the resulting
measurement is a smaller repeatability
guard band. The disadvantage would be
a much longer test time due to device-
settling time, an inherent issue with ana-
log and mixed-signal ICs.

Every device, meanwhile, has a spec-
ified drift over temperature, which may
be a typical or a guaranteed minimum/
maximum specification. Temperature
guard bands have tighter test limits than
the IC’s data-sheet specifications and
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This silver-sample report shows the drift between temperatures. The data
clearly shows an increase and decrease of the value at high and low temperatures,

respectively.
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This tester-to-tester comparison shows a drift between the testers for which

the root cause must be determined.
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need to be calculated based on the drift
of the measurement over temperature.
The advantage of using temperature
guard bands is that you can skip test
stages at other temperatures and instead
calculate, based on the test results seen
at room temperature, whether a device
would fail at temperature extremes.

Figure 2 shows a temperature-char-
acterization report with guard bands
included. The plots demonstrate that
there is drift over temperature. From this
data, you must be able to predict that
when testing production parts at +25°C,
the drift at the temperature extremes
will be within specification limits. That
is the point of temperature guard bands
for production testing.

Silver samples are often used to show
the stability of the test solution over
temperature. They also can be stored for
use as reference parts for later verifica-
tion of the test solution. The testing
procedure for these devices is to test
three parts at three temperatures, hun-
dreds of times each.

Using the gathered data, you can
prove the stability of every device with
the help of a statistical report tool. For
example, a double distribution or insta-
bility can be seen immediately. You can
keep the test results for later reference,
comparing future measurements with
the stored data.

Assume the device to be tested has
the following operating conditions: a
minimum operating temperature of
—40°C, a typical operating temperature
of +25°C, and a maximum operating
temperature of +125°C. The black bar
in the graph in Figure 3 is the value
at room temperature. The green bar
shows the value at high temperature
(+125°C); the blue bar shows the value
at cold temperature (—40°C). The data
clearly shows an increase and decrease
of the value at high and low tempera-
tures, respectively.

GR&R FOR PLASTIC PARTS

In addition to testing at the wafer level,
engineers must test packaged parts to
determine that no damage has occurred
during the packaging process. To verify
the repeatability and reproducibility
on different testers, test a minimum of
50 plastic packaged parts on one tester
twice in the same order, then repeat
the procedure on another tester and
compare the test results obtained using
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the different testers. An optimal result
would be a 100% overlay of both sets of
data. If you discover that the results are
not closely matched, you must find the
root cause for the discrepancy.

The tester-to-tester comparison in
Figure 4 shows a shift between two tes-
ters of the same type. The test results are
not entirely consistent, and the results
between testers need to be very close.
The difference is usually traceable to
something simple, such as the range of
the instrument used. Though the two
testers used for this example are the
same type, the GR&R process can be
used for tester transfers; that is, between
two different tester types.

GR&R FOR WAFER SORT

An alternative to testing GR&R s to
implement a bin-flip wafer technique
(Figure 5). Rather than test plastic
parts, the technique tests a complete
wafer on tester 1 and then on tester 2.
The bin results—that is, bin 1 to bin 7—
should not exceed a predefined limit. If
the measurement result is not repeatable
on the other tester, review the failing
tests to determine the problem.

BOARD VERSUS BOARD

To ensure multiple test boards have the
same electrical characteristics, a mea-
surement-system-analysis (MSA) report
must be generated. The goal of this
report is to verify that two or more load
boards show the same electrical behav-
ior. The example test flow described
below assumes that two load boards are
required to be released at the same time.

Fifty parts are tested in order, twice on
one board and then twice on the other
board. It is important to test the devices
in the same order so that the same device
test results are compared. In Figure 6, an
offset between the boards can be seen.
Figure 6a shows a histogram of the mea-
surement results; Figure 6b shows the
measurements in sequence. You can see
that 50 parts were tested four times on
two boards; the two distributions rep-
resent the boards. In this example, the
trend line has a small offset to the left,
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PASS—>FAIL: 24 FAIL->PASS: 25 PASS/FAIL FLIPS: 49 FAIL FLIPS:19

A report
for a bin-flip wafer
test compares
results from two
testers. Several
designations and a
color code on the
wafer map indicate
pass/fail results:
Pass Pass (the site
passed on tester 1
and tester 2); Fail
Fail (the site failed
on both testers);
Pass Fail Flip (the
site failed on tester
2); Fail Pass Flip
(the site failed on
tester 1); and Falil
Flip (the site failed
another test on
tester 2).
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Board-to-board comparison data indicates a difference between devices 1 to
39 and 40 to 50. Shown are a histogram of the measurement results (a) and measure-

ments in sequence (b).
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which indicates a difference between
devices 1 to 39 and devices 40 to 50.

BOARD ID

Board identification ensures that the
board being tested is the correct load
board. Implement a board ID by writing
a unique ID to the EEPROM on the load
board. An error will then be indicated if
the wrong board is selected for the pro-
duction interface. Since each board has
aunique 1D, every test performed with it
can be traced. In a worst-case situation,
production lots can be recalled if tested
with a defective board. To improve the
measurement correlation between ATE
and bench testing, offset calibration fac-
tors can be used and loaded automati-
cally, depending on the board used.

QUALITY SCREENING

After all the required data is collected,
a quality-assurance (QA) screening
procedure can commence. One thou-
sand good parts (minimum) have to be
tested with the guard-banded limits. At
completion of testing, all parts have to
be tested at the QA temperatures with
the specification limits. No failures are
allowed at this point. If failures appear,
it’s necessary to reverify the guard bands
and test-program stability.

Verifying that all the data results
match and that no irregularities were
found during the release phase of a test
program minimizes the possibility of
problems at a later stage. A stable and
verified test solution can also help you
avert product-yield problems and QA
failures down the road.

Robert Seitz is a test development engineer
in the Full Service Foundry business unit at
AMS (formerly austriamicrosystems). He
has worked in various areas of automated test
engineering for seven years at the company.
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ireless communications began to

blossom in 1915, with the first

wireless voice transmission across

the continental United States, and

quickly took off from there, with the

first commercial radio broadcast in
1920, the first use of police-car dispatch radios in 1921,
and the first phone call placed around the world in 1935.
Commercial adoption of wireless technology spurred a
global radio boom, but the early lack of restrictions on
frequency-band usage resulted in noisy channels and
unmanageable radio traffic.

The negative impact on communications quality led to the licens-
ing of bands to regulate traffic. Even with legislation, however, further
technological enhancements were required to suppress interference.

Moreover, licensing could not be implemented for every band,
because reuse of a frequency band is also important for short-range
applications. When a channel is used for communication inside a
building, for example, its use in a physically distinct location should
not be prohibited; such a restriction would result in spectrum under-
utilization, because such systems will never interfere with one another.
Because any number of users could use a license-free band, however,
enhancements mitigating interference were even more critical.
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Spread-spectrum techniques have
been among those enhancements. The
concept emerged in the early 1940s
and found popularity in the 1980s as
the military embraced its use for data
security and intrinsic immunity to sig-
nal jamming.

Spread spectrum is a means of trans-
mission in which the signal occupies a
bandwidth in excess of the minimum
bandwidth necessary to send infor-
mation. Using spread-spectrum tech-
niques, information contained in a nar-
row band of frequencies (f ) is translat-
ed, or spread, to a wider band (f ) before
transmission (Figure 1). This trans-
lation does not significantly increase
the total power required, because the
duration of the transmission remains
the same; only the frequency changes.

The methods used to achieve spec-
trum spreading are frequency-hopping
spread spectrum (FHSS) and direct-
sequence spread spectrum (DSSS).
Many wireless communication pro-
tocols, such as Bluetooth, use spread-
spectrum techniques at the physical-
layer level.

WHY SPREAD SPECTRUM?

Though spectrum spreading might
appear to “waste” bandwidth, it actu-
ally increases the capacity of the chan-
nel. The Shannon-Hartley theorem
(Equation 1) shows the relationship
between channel capacity and channel

bandwidth:

C=B><LOGZQ+I§]). (1)

In the equation, C is the channel capac-
ity, or the maximum number of users
that can access the channel simultane-
ously; B is the channel bandwidth; and
S/N is the signal-to-noise ratio.

It is reasonable to assume that the
channel-capacity-to-bandwidth ratio
in Equation 1 is directly proportional
to the required signal-to-noise ratio of
the system (Equation 2):

CoaS. (2

B N

The relationship, however, is not linear.

For a system with a fixed signal-to-
noise-ratio requirement, the only way to
increase channel capacity is to increase
channel bandwidth. Hence, increasing
the number of potential users compen-
sates for the waste of bandwidth. Other
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AT A GLANCE

Bl Frequency-hopping spread
spectrum involves changing the
transmission frequency from one
subchannel to another. It offers
immunity to near-far problems.

Bl Direct-sequence spread spec-
trum multiplies each bit of a mes-
sage signal with a sequence of bits
before transmission. The resultant
signal is spread over a wider fre-
quency range.

El PN codes in DSSS and the hop-
ping sequence in FHSS both guard
against eavesdropping, though a
sequence must meet more stringent
requirements to qualify as a DSSS
PN code.

Bl The choice of PN codes is criti-
cal for the performance of a DSSS
system and must exhibit high pro-
cessing gain, minimal autocorrela-
tion, and minimal cross-correlation.

Bl Every asynchronous digital com-
munication requires the receiver to

synchronize itself with the transmit-
ter. Spread-spectrum systems must
synchronize the PN code for DSSS

and the frequency-hopping pattern

for FHSS.

advantages of spreading a signal over a
larger band include the following:

e Anti-jamming. A jammer is a
wireless transmitter that continuously
transmits to a particular channel with
high power. Other collocated devices
receive this power as increased noise
levels, which prevent them from

POWER

(a)

POWER

(b)

accessing that channel. If communica-
tion occurs in the channel, the entire
message signal will be lost. With spread
spectrum, only a small part of the signal
is blocked.

¢ Immunity to fading. In wireless
systems, it is least likely that the trans-
mitted signal will traverse the same
path every time. [t may face multiple
reflections (or refractions) before actu-
ally reaching the receiver.

Those reflections create multiple
wave fronts that interfere with one
another constructively or destructively.
The interference causes distortions or
signal-strength reduction (fading) in
the received signal. If the fading is sig-
nificant enough to lower the received-
signal-strength (RSS) levels below
the minimum required threshold, the
receiver cannot successfully decode the
signal.

Because fading depends on the
physical surroundings of the system, it
is modeled as a random phenomenon.
Fading, however, has been observed to
have dominant effects only for particu-
lar frequencies. Hence, spread spectrum
offers a measure of immunity because
fading will have an effect only on small
portions of the signal.

HOW FHSS WORKS

The frequency-hopping spread-spec-
trum approach changes the transmis-
sion frequency from one subchannel to
another at regular intervals (Figure 2).
A time-averaged view of FHSS requires
amuch higher bandwidth, even though
the instantaneous bandwidth is the
same as that of the original message
signal.

f FREQUENCY

m

FREQUENCY f,

Figure 1 Using spread-spectrum techniques, information contained in a narrow
band of frequencies (f) (a) is translated, or spread, to a wider band (f) before

transmission (b).
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Hopping among subchannels occurs
in a predetermined sequence; thus,
each receiver must know the hopping
sequence used by the corresponding
transmitter in order to remain synchro-
nized. The sequence safeguards against
eavesdropping because a receiver can-
not successfully decode the message
signal without knowing the hopping
sequence.

FHSS offers immunity to “near-
far problems,” or the interference
that results when active transmitters
are located in proximity to the tar-
get receiver. In the absence of FHSS,
closely placed foreign transmitters gen-
erate a high power level that appears
as very high-level noise to a receiver
and can blind the receiver if it is com-
municating in that channel, blocking
the communication. With FHSS, the
reception bandwidth is bigger; thus, in
a worst-case scenario, only some of the
hops are blocked, forcing the system to
work in less-than-optimum conditions.

HOW DSSS WORKS

Direct-sequence spread spectrum mul-

FREQUENCY 1

Figure 2 FHSS changes the 17
transmission frequency from
one subchannel to another at

regular intervals.

tiplies each bit of a message signal with
a sequence of bits before transmission.
The resultant signal is spread over a
wider frequency range because the chip
sequence, also called the pseudo-noise
(PN) code, contains multiple-frequen-
cy components. The multiplication
used here is a logical XOR operation
that splits each bit into k number of
chips, where k is the length of the PN
code (Figure 3).

Because the PN code adds a redun-
dant bit pattern for each bit transmit-
ted, spreading has a direct impact on

the effective data rate of the system.
For a physical signaling rate of R, the
effective data rate, R, will be given
as expressed in Equation 3:

Rg=Rpsn.  (3)

An increase in the signal’s resis-
tance to interference compensates for
the reduced data rate. If one or more
bits in the pattern are damaged during
transmission, the original data can be
recovered by processing the redundant
bits with a suitable error-correcting
method.
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Figure 3 The multiplication used here is a

logical XOR operation that splits each bit into

k number of chips, where k is the length of
the PN code.

Using PN codes, DSSS receivers
“tune in” to the corresponding trans-
mitter, tuning out other signals as noise.
Because of this selective attention,
the signal’s resistance to interference
increases, and the minimum required
signal-to-noise ratio decreases.

Whereas FHSS concentrates the
transmitted energy in one subband at
a particular time, the energy distribu-
tion in DSSS is uniform. DSSS systems
transmit over a group of frequencies
simultaneously; hence, the range of
operation is over wider bands. That
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uniformity makes the near-far problem
more critical for DSSS.

PN codes in DSSS provide security
against eavesdroppers, similar to the
hopping sequence in FHSS, though
in DSSS a sequence must meet more
stringent requirements to qualify as a
PN code.

DSSS-based systems use a PN-code
sequence at the transmitter to spread
the narrowband, information-bearing
signal into a wideband signal. During
transmission, various types of noise
and interference affect bandwidth.

SPREAD SIGNAL
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For proper communication, the cor-
responding receiver must recover only
the desired coded information, reject-
ing all other signals. Thus, every receiv-
er uses a correlator—a special type of
matched filter that responds only to
signals encoded with a specific PN code
(Figure 4). The DSSS receiver shown
in the figure explains concepts related

to PN codes.

ERROR CORRECTION

To understand the role of PN codes in
error correction, consider a situation
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Figure 4 This DSSS receiver is a functional representation meant to explain concepts

related to PN codes.

in which the incoming sequence and
the PN code differ by just one chip.
Because the degree of mismatch is low,
the correlator output will not be at
its peak, but neither will it be at its
lowest value. Applying an appropri-
ate threshold limit on the correlator
output will allow a receiver to get a
rough measure of the degree of mis-
match. Based on that measurement,
the receiver can make an intelligent
decision about whether the incoming
sequence corresponds to the desired
PN code. PN codes thus provide error
correction against corruption of chips.

PN-CODE CHARACTERISTICS

The choice of PN codes is critical for
the performance of a DSSS system.
PN codes must have certain desired
characteristics, including high process-
ing gain, minimal autocorrelation, and
minimal cross-correlation.

High processing gain. Processing
gain (G,) is a theoretical system gain
that reflects the relative advantage of
frequency spreading in terms of chan-
nel capacity and immunity against
interference. Expressed mathematically
in Equation 4, it is the ratio of the
chipping frequency (f.) to the input-
signal frequency (f)):

fe
GP: Tl . (4)

Thus, if a 10-kHz signal is spread over
a band of 100 kHz, the corresponding
processing gain is 10.

In general, PN codes should add a
high processing gain to the system, for
two reasons. The first is noise immu-
nity: A higher processing gain implies
that the input signal is spread over a
larger band that requires the use of lon-
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ger PN codes. Such systems are more
tolerant to noise. The second reason is
system capacity. The Shannon-Hartley
theorem (Equation 1) holds that chan-
nel capacity is directly proportional to
the channel bandwidth. Systems with
higher processing gain have higher
capacity because such systems need a
higher bandwidth for transmission.

Minimal autocorrelation. Autocor-
relation is the degree of similarity of
a signal to its time-shifted version.
Equation 5 represents this concept
mathematically:

RAUTQ(T)=N2:PN(n)XPN(n+T), (5)

where PN(n) is the pseudo-noise
sequence, R, _is the autocorrelation
of the sequence PN(n), n is the length

Otherwise, there is a high probability
that the receiver will be inappropriately
phase locked to the incoming sequence.
Autocorrelation should be minimal for
the slightest mismatch of the two wave-
forms.

Minimal autocorrelation also pro-
vides enhanced immunity against
multipath interference. Once the
receiver is phase locked to the incom-
ing signal, it will not actively respond
to time-shifted versions of the incom-
ing sequence.

Minimal cross-correlation. Cross-
correlation is similar to autocorrela-
tion but measures the degree of simi-
larity between two independent sig-
nals, as is expressed mathematically in
Equation 6:

Reross(1)=2 1oPNj(n)xPNj(n+7), (6)

where PN (n) is a pseudo-noise
sequence; PNj(n) is another pseudo-
noise sequence, completely independent
of PN (n); R possis the cross-correlation
of the sequences PN (n) and PNj(n);
n is the length of the PN code; and
T is the delay factor.

Cross-correlation is also called the
sliding-dot product. If the cross-cor-
relation between two PN sequences is
high, the receiver will not distinguish
between the signals encoded over them,
because the correlator might have suffi-
ciently high output for both the signals.

THE INCOMING SIGNAL SHOULD BE PHASE
SYNCHRONIZED WITH THE PN CODE.THE
RECEIVER MAINTAINS SYNCHRONIZATION
BASED ON CORRELATOR OUTPUT.

of the PN code, and 7 is the delay factor
by which PN(n) is shifted.

Time shifting of the signal is not
linear; autocorrelation is calculated by
shifting it circularly. The autocorrela-
tion is a function of the delay (1).

For correct decoding, the incom-
ing signal should be phase synchro-
nized with the PN code. The receiver
maintains synchronization based on
correlator output. Autocorrelation
should have a large peaked maximum
(Figure 5) for perfect synchroniza-
tion; that is, ©=0, N, 2N, and so on.

Here, the receiver might lose “selective
attention” capability, resulting in the
dominance of interference effects. To
minimize the interference from other
DSSS sources, different PN codes ide-
ally should be orthogonal; that is, they
should exhibit zero cross-correlation.
Because no PN codes are truly
orthogonal, choosing the lowest pos-
sible cross-correlation mitigates effects.

SELECTING A PN CODE

In general, it is better to have PN codes
that provide a high processing gain, but
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RAUTO(T)
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processing overhead associ-
ated with evaluating these
characteristics. Due to these
factors, selecting an appro-
priate PN code is a tedious
task.

To simplify the process,
some standard codes—Gold
codes, m-sequences, and

o N 5

-5-4-3-2-1012 3 45

Figure 5 Autocorrelation should have a large peaked
maximum for perfect synchronization only; other-
wise, there is a high probability that the receiver will
be inappropriately phase locked to the incoming

seqguence.

a higher gain requires a larger band-
width. Another drawback of higher gain
is that it typically needs long PN codes,
which directly affect the effective data
rate of the system. It is also relatively
difficult to qualify a long sequence
as a PN code because of the higher

= Walsh codes, for example—
are chosen as a candidate
for PN codes. These codes
are known to have desirable
characteristics; for example,
m-sequences have low auto-
correlation, while Gold codes
exhibit low cross-correlation
properties.

A typical approach for
selecting PN codes is to
choose some sequences from
these standard codes and rate them
separately on all of the desired charac-
teristics (usually autocorrelation and
cross-correlation only). These sequenc-
es can be ranked, based on the assigned
ratings and application requirements.
The ranks can then be used for deciding
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whether the corresponding sequence is
fit to be a PN code.

Once an appropriate spreading
method and spreading sequence are
chosen, the next critical step is to
establish synchronization between
a transmitter and the corresponding
receiver. Every asynchronous digital
communication requires the receiver
to employ a mechanism to synchro-
nize itself with the transmitter; oth-
erwise, it would be impossible for the
receiver to decode the incoming sig-
nal. Because they are asynchronous in
nature, spread-spectrum systems must
synchronize the PN code for DSSS
and the frequency-hopping pattern for
FHSS.

Synchronization is established in
two phases: acquisition and tracking.
In the acquisition phase, the receiver
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detects whether the incoming signal is
from the desired source. In the tracking
phase, the receiver performs fine syn-
chronization and tracks the incoming
signal in terms of phase, frequency, or
both, using a locking mechanism.

SYNCHRONIZATION IN DSSS
With DSSS, if the correlator output

RECEIVED
SIGNAL

PHASE SHIFT

is less than a minimum threshold, it
will discard the incoming sequence as
background noise. Because the auto-
correlation of a PN code is minimal,
the correlator output is very low—ide-
ally, zero—if the incoming sequence
and the locally generated PN code
are not phase synchronized. Without
explicit measures for synchronization,

ACQUISITION
INDICATION

MONITORING >

CIRCUIT

ACQUISITION
INCOMPLETE

Figure 6 In serial search, a monitoring circuit keeps check on the correlator output. If
the output fails to reach a threshold value, the search-control block shifts the phase of

the generated PN code.
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Figure 7 Given that dynamic adjustment is a continuous process, the precisely phased
PN code remains precise throughout the reception process. It is this precise version of
the PN code that is used for the actual dispreading of the received signal.
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the receiver could not decode the
incoming signal reliably.

Because the PN code achieves signal
spreading in DSSS, the carrier frequen-
cy of the transmitter remains the same,
and there is no need for frequency syn-
chronization between the transmitter
and the receiver.

ACQUISITION IN DSSS

Correlation between the incoming
sequence and the locally generated
one has a peaked maximum for perfect
synchronization. Using “serial” or “par-
allel” search, the receiver searches for a
phase in which the correlation exceeds
a predefined threshold.

In serial search, a monitoring circuit
keeps check on correlator output. If the
output fails to reach a threshold value,
then the search-control block shifts the
phase of the generated PN code (Figure
6). This process repeats until the cor-
relator output reaches the threshold
value, completing acquisition. The
configuration forms a feedback loop,
referred to as a sliding correlator.

One potential drawback to serial
search is that acquisition times are
high. Hence, some designs use a paral-
lel approach.

A parallel-search strategy is essen-
tially the same as serial search, but it
shortens the acquisition time because it
carries out multiple phase comparisons
simultaneously, albeit at a trade-off of
increased hardware-resource require-
ments and complexity. The acquisition
time is the lowest with a parallel strategy
when the number of correlators equals
the number of chips in the PN code.

The acquisition process achieves
only a coarse synchronization. The
degree of synchronization achieved at
the end of this phase is within £T /2,
where T is the chip duration.

TRACKING IN DSSS

Once acquisition is complete, the
receiver starts tracking the phase of
the incoming sequence to achieve finer
synchronization. A delay-locked loop
(DLL) is commonly used (Figure 7).
The DLL generates three phases, or
versions, of the PN code—the delayed,
advanced, and precise phases—and
continuously compares the output of
the correlator using the delayed PN
code and the output using the advanced
PN code. This comparison provides a
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measure of the direction of phase drift
in the incoming signal; using this met-
ric, the phase of the precise version of
the PN code is dynamically adjusted.
The precisely phased PN code
remains accurate throughout the recep-
tion process. It is this version of the PN
code that is used for the actual dispread-
ing of the received signal (Figure 7).

SYNCHRONIZATION IN FHSS

With FHSS, because the transmitter
keeps changing the center frequency,
the receiver and the corresponding
transmitter should be in the same fre-
quency channel. Another important
requirement is that both transmitter
and receiver should spend the same
amount of time in a particular channel;
otherwise, the receiver might hop to
another channel prematurely and lose
synchronization with the transmitter.

ACQUISITION IN FHSS
Acquisition in frequency-hopping sys-
tems refers to frequency synchroniza-
tion; its purpose is to put the receiver
and transmitter on the same frequency
channel. The simplest approach is a
dedicated acquisition channel where-
in the transmitter and the receiver
must initiate communication on the
dedicated channel only and wait until
acquisition is complete. If the dedicated
channel is jammed because of noise,
communication will not occur.
Another approach is to start hop-
ping at power-on. The transmitter’s
hopping rate should be faster than
that of the receiver to ensure that the
devices end up on the same channel.

TRACKING IN FHSS

After acquisition, the receiver should
be able to track the transmitter. Both
the transmitter and the receiver should
stay in a channel for the same duration
and hop to the same new channel once
that period is over. Timing synchroni-
zation is easier to implement in FHSS
than in DSSS because the hopping rate
is fixed for both devices. To determine
the next channel, the devices have
a preloaded lookup table containing
available channel numbers.

SYSTEM PERFORMANCE

The synchronization process needs a
certain amount of delay for both DSSS
and FHSS. Hence, most protocols

[www.edn.com]

have an additional header for the sync
pulses to ensure that the receiver and
the transmitter are synchronized before
packets with meaningful information
are transmitted.EDN
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BY DENNIS FEUCHT

INNOVATIA LABORATORIES

Forgotten circuits (that
should be brought back

s electronics technology matures, it shows some
signs of aging. As innovation wanes, break-
throughs grow farther apart in time, and risk-
taking decreases. In earlier decades, some 1C
companies were willing to put on the market
a few unusual and conceptually original parts.
Signetics, for example, dared in the early 1970s to produce a
novel [IC—Hans Camenzind’s 555 timer—and it has become
a premier legacy IC.
What about other circuits? This article recounts a few of
these parts and why it might be good to bring them back.

AD639 SINE CONVERTER

Long ago, Barrie Gilbert did some investigative work on the
two-bipolar-junction-transistor (BJT) differential-amplifier
circuit, which has a hyperbolic tangent, tanh, transfer function:

Vi
i,=i,+—i, =Igxtanh XVt )
where [ is the emitter source current and the thermal voltage,
V,, is 26 mV. To reduce nonlinear-

ity, external emitter resistance, RE, is
placed in series with the emitter in

functional capability is so powerful, it was destined to become
a legacy IC. Alas, ADI pulled the AD639 from the market
without a replacement. I do not know why. Even Gilbert did
not know why. It seemed like a part destined to become a
legend. It can synthesize all of the basic trigonometric func-
tions (sin, cos, tan sec, csc, cot) and their inverses.

The sine function is accurate to 0.02%, better than most
FG sine outputs and better than the total harmonic distortion
(THD) of many audio amplifiers. The IC has two of them,
plus offset circuitry, and a multiplier and divider. It was given
niche-market pricing and thus did not find its way into FG
instruments and others requiring accurate or low-THD sine-
wave generation. It is specified to 1.5 MHz.

Perhaps the only problem was that because the AD639
was so appealing, ADI put a premium price tag on it, which
defeated its spread into the market as a commodity part.
Perhaps Rochester Electronics—the leading supplier on the
“trailing edge”—could revive it and reap the small fortune
that it was destined to produce. There is no reason to confine
the mission of Rochester Electronics to that of a replacement-

HFA3046, HFA3096, HFA3127, HFA3128

amplifiers. Gilbert, however, applied  Pinouts
the engineering adage that “if you byl

can’t fix it, feature it” and put it to
good use.

Hyperbolic tangents are vaguely
related to trigonometric functions,
and Alan Grebene at Exar used a
single diff amp in the XR2206 func-
tion-generator (FG) IC to convert a
triangle wave into a sine wave. The
result was somewhat acceptable for a

HFA3128
TP MEW

HFAZ096
TOaP VIEW

HFA3127
TOP VIEW

HFA3046, HFA3096, HFA3127, HFA3128

first-generation effort, though Gilbert

A g Electrical Specificati Ta = 25°C (Continued)
carried out more refinement of the ore o
basic idea. He developed the multi- PARAMETER TEST CONDITIONS MIN | TP | wax | mm | e | MAX | UNITS
tanh concept of adding the outputs of DIFFERENTIAL PAIR MATCHING CHARACTERISTICS FOR THE HFAI046
diff amps that had inputs offset from Input Offsst Valtags o= 10mA, Vg =5 - 15 | 5o = 15 | 50 | mv
eaCh Other by a ﬁxed VOltage' ThiS Input Dffsat Cumrant Ip= 10ma, Yep = 5% - i 25 - b P IS
approach extended the function (and Input Offeet Voltage TC I = 10mA, Vpg = 5% - 05 - - 05 e

input range) and also led to other nov-

elties, including the one that is used in
the AD639 sine converter.

This IC is a trigonometric won-
derland in 16 pins, and because its
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Replacements for the CA3000 series in the form of HFA3000-series SOIC parts
offer multiple-gigahertz f s but correspondingly lower breakdown voltages. The table
shown is excerpted from Intersil parts data.
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DIFFUSION NPN BJT LATERAL PNP BJT

C B E B C

B C B E B
BT T T
P

SUBSTRATE

The CA3096’s PNP BJTs are constructed as lateral
transistors.

parts supplier for obsolete equipment when it could also be
considered the fulfiller of the destiny of great parts for new
designs that did not catch on the first time around.

CA3096 BJT ARRAY

Somewhat like the AD639 sine converters are the highly
versatile building blocks that are transistor arrays. RCA came
out with some BJT arrays comprising a CA3000-series line.
Some of these parts had f s of over 1 GHz for NPN BJTs,
which make them good for new designs today.

When RCA was shuffled around, it eventually ended
up with Intersil but had lost the fab facility with its old
large-geometry process. Tektronix based the design of the
vertical amplifier in its 2205 oscilloscope on CA3046
(or the equivalent National LM3046) parts, which are
attractive for implementing fast two- or four-quadrant
multipliers.

Intersil inherited a large but finite supply of these parts
that is still available but dwindling. They ought to be brought
back on an existing process. It is not a major development
project, and such parts would be extremely useful. Intersil did
create a replacement in the form of HFA3000-series SOIC
parts with multiple-gigahertz f s but with correspondingly
lower breakdown voltages (Figure 1).

While the original CA3000 series was good for £12V
supplies, the HFA series is better designed with £5V supplies,
though the ICs can handle up to about 10V. What is much
improved in the HFA series are the PNP BJTs, which are
dielectrically isolated rather than made as lateral transistors,
as in the CA3096 (Figure 2).

The CA3096 is a versatile part, with three NPN and two
PNP BJTs. The one drawback is that the lateral PNPs have an
f_of only about 6 MHz. (Making the base thin is difficult for
lateral B]Ts.) For numerous circuits, however, this specifica-
tion is not a major impediment.

In one example, a feedback amplifier has a quasistatic gain
of 3 and a bandwidth of over 50 MHz (Figure 3). It has two
forward paths, the slow path through the PNP current mirror
and the fast path through Q, of the diff-amp input stage. It
uses all five array B] Ts. The only other semiconductor part is
the avalanche diode, Z,.

You would not be inclined to design this circuit into a
new product because of an uncertain component supply. In
addition, the HFA part does not have the voltage range. A
series comparable to the CA3000 but with dielectrically iso-
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This feedback amplifier
has a quasistatic gain of 3 and

a bandwidth of over 50 MHz.

It uses all five of the CA3096’s
array BJTs; the only other semi-
conductor part is the avalanche
diode, Z,.

50 620

lated PNPs would be a welcomed addition to the neo-legacy
category of ICs.

MC14500B INDUSTRIAL-CONTROL UNIT

The 16-pin MC14500B from Motorola is a single-bit, 1-MHz
CMOS processor. It has three single-bit registers (flops)
and an arithmetic logic unit and executes 16 instructions.
Newer microcontrollers blow this part away, but that is not
the point. It is a chunk of versatile logic that needs only an
external counter for a program counter (PC) and a program
memory driven by the PC.

The data memory is also the I/O memory. Four bits of the
memory output drive the op-code input on the MC14500B;
the rest are I/O addressing of 8-bit bidirectional latches
(MC14599B) and 8-input multiplexers or data selectors
(MC14512).

The one-bit accumulator is called the result register (RR).
Instructions include Load RR, Load the complement of
RR, AND data with RR, Complement data and AND, OR,
Complement data and OR, exclusive NOR (equivalence),
store and store complement pulse the write line with valid
RR output, move input data to input register or to output
register, skip next instruction if RR=0, and pulse flag O out or
flag F out. Two other instructions, JMP and RTN, also output
flag pulses. The JMP flag can be used to load an address into
the PC. The RTN instruction outputs an RTN flag and skips
the next instruction.

The built-in oscillator generates the clock that drives
the PC. The rising edge of the clock increments the PC,
and while high, the instruction is fetched. During the low
phase of the clock, the instruction is decoded and executed.

Because it uses bit-serial processing and is I/O intensive,
what advantage does this part have nowadays? With the
requirement of an additional counter, and program and data
memory, this part will remain obsolete because it cannot
compete with lower-cost 8- to 16-pin flash-programmable
ICs that are easy to use and are far more powerful. Although
the part is interesting, it requires too much bit-twiddling to
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be welcomed back into production. This one will remain
forgotten, despite its inspiration quotient.

MC14549 AND MC14559 SARs

These successive-approximation registers (SARs) were origi-
nally part of the Motorola 4000-series offering of CMOS
(mostly) digital ICs. They have 8 bits per IC and can be
cascaded for more bits. They are used to build successive-
approximation ADCs. Internally, they have a shift register
and a parallel-loading register.

Despite the simplicity of an SAR, it is a useful digital
function. The SA algorithm searches a range by making a
succession of boolean comparisons beginning at midrange.
If the voltage is greater, the most-significant bit is set and
the next bit is tested until all bits have been determined.
All conversions on n bits take n clock cycles, independent
of the digitized value.

With an extra comparator and one or two SAR ICs driv-
ing an extra DAC, a simple ADC can be added to a system
with leftover subparts. Although this level of integration is
semi-discrete nowadays, for many applications with multi-
DAC and multicomparator ICs—and with a need for a
simple ADC—it can be a design possibility.

SARs also could be used for auto-ranging, with fewer
average steps than sequential ranging. Similarly, the gain of
a variable-gain amplifier (VGA) can be set by an SA search
through the large range of the VGA. The weighting of the
bits might no longer be binary, but instead be a decade or
1-2-5 sequence. If it’s monotonic, however, the scheme works.

MC4530 DUAL FIVE-INPUT MAJORITY GATE

One of the stranger logic functions to make it into inte-
grated form and onto the market was a dual five-input
majority gate, sold by Motorola. If three or more of the
five inputs are asserted, the output is asserted. Those of you
who like to find novel uses for existing logic parts might
have an intriguing time with this part. The output was
gated with an XNOR (equivalence) gate from a W input,
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to set the polarity of the output.
What are its uses? This part is rel-
evant to unusual applications, but it can
coax some creative thinking. It gener-
ates a decision when five or fewer sub-
systems indicate a status in a redundant
system. If, for example, the vital-sign
monitors in a hospital’s intensive-care
unit show three or more of five patients
are in trouble, a triage state is asserted.

WITH AN EXTRA
COMPARATOR AND
ONE OR TWO SAR ICs
DRIVING AN EXTRA
DAC, A SIMPLE ADC
CAN BE ADDED TO

A SYSTEM WITH
LEFTOVER SUBPARTS.

By connecting one input high
and one low, two out of three control
computers (as in the space shuttle)
prevail in a vote on an output asser-
tion. Alternatively, if multiple banks
of capacitors are asynchronously
charged, sufficient charge is available
and the firing device is enabled if m
out of n banks indicate that they are
charged. The function is egalitarian;
any m out of n will trigger an event.
Using inverted input logic, a statical-
ly stable, multi-ped robot with fewer
than m of n feet on the ground triggers
a fault state.

A voting hierarchy is implemented
by cascading the output of one of the
majority gates into one input of anoth-
er. The first five then have one vote in
the second five. Although such uses
might be practical, it is still an unusual
logic function to try to apply. No won-
der it is a forgotten circuit.EDN
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Auto pulse generator senses
and responds to a probed load

Raju Baddi, Tata Institute of Fundamental Research, Pune, India

N This automatic pulse generator

(figures 1 and 2) is a test gadget
that senses a probed contact to a pair of
terminals under test and automatically
issues a momentary power pulse to
them once proper contact is made.
These terminals could be the input of
a logic gate, an LED on a circuit board,
a transformer or relay coil, etc. The
need for such a pulse often arises in the
day-to-day engineering work of experi-
menting and testing.

The gadget is powered with a small
3.6V rechargeable NiCd battery. You
can easily construct it in a glue-stick
tube (Figure 3) with the special

arrangement of probes shown. A regu-
lar arrangement of independent probes
also may be used. The circuit has been
tested with a 5V supply, as well.

Two versions are shown: Figure 1
uses an NE555 timer IC as a mono-
stable and is the easiest to get working.
Figure 2 eliminates the NE555 for a
reduced parts count but could be affect-
ed by variations in the parameters and
different manufacturers of the CD4069
CMOS hex inverter used in place of
the NE555.

Transistors Q, and Q, are switches
that connect the +ve and —ve probes
to the 3.6V supply and ground when

NIdeas

READERS SOLVE DESIGN PROBLEMS

Dlis Inside

52 Read 10 or more switches
using only two I/O pins of a
microcontroller

57 Successfully choose
complementary bipolar transistors

58 Synchronized regulator
produces coherent noise

To see and comment on
all of EDN’s Design Ideas, visit
www.edn.com/designideas.

turned on by the CD4069 and the
NE555. R, and R, bias gate G’s input
just below the switching threshold to
hold its output high, which holds the
output of gate G, low. The time con-
stant formed by C, provides a certain

PULSE-ISSUE
3;§V INDICATOR
4 8
10k
@ BC559 5 ‘ 990 % R
PROBES CONNECTED CD4069 . 3 Nesss L8
TO A LARGE INDUCTANCE, R, \
SAY 20 mH 100k % c
— MA— ¢ =
’ G,/ 22 o 1
CD4069 BC549 <
O———‘\ & R § Q3
< 12M
' 270 100k NP0 P ﬂ)|4069
O—
D, : c
1N4007 CD4069 |, 1%F
5 CD4069 ;Gs; c
4 C 2 Rs
1°M§ 0.1 pF 0.1 hF 100k
<
10k
@'30549 0K

Figure 1 The NE555 version is easy to get working but has an increased parts count.
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20V, 2.5A Monolithic Synchronous Buck SWITCHER+ with
Input Current, Output Current and Temperature Sensing/

Limiting Capubilities
Design Note 511
Tom Gross

Introduction

The LTC®3626 synchronous buck regulator with
current and temperature monitoring is the first of
Linear’s SWITCHER+™ line of monolithic regula-
tors. It is a high efficiency, monolithic synchronous
step-down switching regulator capable of delivering
a maximum output current of 2.5A from an input
voltage ranging from 3.6V to 20V (circuit shown in
Figure 1). The LTC3626 employs a unique controlled
on-time/constant-frequency, current-mode architec-
ture, making it ideal for low duty cycle applications
and high frequency operation, while yielding fast
response to load transients (see Figure 2). It also
features mode setting, tracking and synchronization
capabilities. The LTC3626’s 3mm x 4mm package
has such low thermal impedance that it can operate
without an external heat sink even while delivering
maximum power to the load.

Vout ,
50mVADIV | i
AC-COUPLED [ /7
!
L
||_ |
1A/DIV i
el L.
20us/DIV Fo2

12V} TO 1.8VgyT LOAD STEP RESPONSE,
2.5A LOAD STEP 2MHz SWITCHING FREQUENCY,
FORCED CONTINUOUS MODE, INTERNAL COMPENSATION

Figure 2. Load Step Response for Figure 1 Circuit

Beyond its impressive regulator capabilities, the
LTC3626’s current and temperature monitoring func-
tions stand out. They offer both monitoring and control
capabilities with minimal additional components.

L7, LT, LTC, LTM, Linear Technology, and the Linear logo are registered trademarks
and SWITCHER+ is a trademark of Linear Technology Corporation. All other
trademarks are the property of their respective owners.
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PGOOD PGOOD FB o R 1206
R3 é 100k
100k < 1%
TRACK/SS  IMONgyT ®)lour —-- —o * ViouTmon
iy IMON g |———————®) i = - - - Lo 2no
vy RT IN o7 R7 1pF 7.32k
. c5 Hlee ThioN . 1WF S 54.9 ad
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Figure 1. 20V Maximum Input, 2.5A, 2MHz Buck Regulator with Current and Temperature Monitoring
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Output/Input Current Sensing

The LTC3626 senses the output current through the
synchronous switch during the switch’s on-time and
generates a proportional current (scaled to 1/16000)
at the IMONgyT pin. Figure 3 shows the accuracy of
the IMONgyt output by comparing the measured
output of the IMONgyt pin with calculated values.
Error remains less than 1% over most of the output
current range.

Likewise, this same sense current signal is combined
with the buck regulator’s duty cycle to produce a
current proportional to the input current—again
by 1/16000—at the IMON,y pin. A precision of better
than 5% is achieved over a wide current range (see
Figure 4).

Both current signals are connected to internal voltage
amplifiers, referenced to 1.2V, that can shut down the
part when tripped. So the input and output current
limits are set by simply connecting a resistor to the
IMON;y or IMONgyT pins, respectively, as shown in
Figure 1. The relationship between the current limit
and the resistor is:

1.2V 16000
L = T

For example, a 10k resistor sets a current limit of
approximately 2A.

This simple scheme allows both monitoring and active
controloftheinputand output currentlimits—the latter

200

........ CALCULATED

180 | —— MEASURED A 18 2
= 160 | —— ERROR ,4 6 2
< —
e \ / o
= 140 || 145
2 - 2
< 120 [} - 12 2
= =]
S 100 P // 10 5
o o
Z 80 | / 8 5
5 60 \ 6 2
= |7 2
> 40 4 g
° 20 /‘\ 2 2
(Y 1=

0 —————— e ——]

05 1 15 2 25 3

OUTPUT CURRENT (A)

F03

Figure 3. Output Current vs Qutput Current Monitor

Data Sheet Download

www.linear.com/3626

can be implemented via external control circuitry, such
as a DAC with a few passive components.

Temperature Sensing

The LTC3626 generates a voltage proportional to
its own die temperature, which can be used to set a
maximum temperature limit. The voltage at the tem-
perature monitor pin (Tyon) is typically 1.5V at room
temperature. To calculate the die temperature, Ty,
multiply the Typon voltage by the temperature monitor
voltage-to-temperature conversion factor of 200°K/V,
and subtract the 273°C offset. The LTC3626 also has
atemperature limit comparator fed by the temperature
limitsetpin, TggT, and the Tyon pin. Hence, by applying
avoltage to the Tggt pin, a maximum temperature limit
can be set according to the following:

T, +273
TSET = 2000K/V

Choosing a maximum temperature limit of 125°C
equates to an approximate 2V setting on the Tget
pin—the IC will shut down once the die temperature
T, reaches this limit.

Conclusion

The LTC3626 combines current and temperature
monitoring capabilities with a high performance buck
regulator in a compact package. A microprocessor or
otherexternal controllogic can supervise conditions via
easy-to-use input and output current and temperature
monitor pins, and it can shut itself down by setting
a threshold voltage on the temperature set limit pin.

30 30

weeeree CALCULATED o
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£ %5 | —- ERROR =% 2
Z 20 \‘ / 20 3
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2 |\ // =
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5 e
E |\ 2
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0 0
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Fo4

Figure 4. Input Current vs Input Current Monitor

For applications help,

call (408) 432-1900, Ext. 3229

Linear Technology Corporation
1630 McCarthy Blvd., Milpitas, CA 95035-7417
(408) 432-1900 ® FAX: (408) 434-0507 ® www.linear.com
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Protect Sensitive Circuits from Overvoltuge aund Reverse Supply

Connections
Design Note 497
Victor Fleury

Introduction

What would happen if someone connected 24V to your
12V circuits? If the power and ground lines were inad-
vertently reversed, would the circuits survive? Does your
applicationresideinaharshenvironment, where the input
supply can ring very high or even below ground? Even
if these events are unlikely, it only takes one to destroy
a circuit board.

To block negative supply voltages, system designers
traditionally place a power diode or P-channel MOSFET in
series with the supply. However, diodes take up valuable
board space and dissipate a significant amount of power
at high load currents. The P-channel MOSFET dissipates
less power than the series diode, but the MOSFET and
the circuitry required to drive it increases costs. Both of
these solutions sacrifice low supply operation, especially
the series diode. Also, neither protects against voltages
thataretoo high—protectionthatrequires more circuitry,
including a high voltage window comparator and charge
pump.

Vin
v Y |£I I} 3A

T T

Undervoltage, Overvoltage and Reverse-Supply
Protection

The LTC®4365 is a unique solution that elegantly and
robustly protects sensitive circuits from unpredictably
high or negative supply voltages. The LTC4365 blocks
positive voltages as high as 60V and negative voltages as
low as —40V. Only voltages in the safe operating supply
range are passed along to the load. The only external
active component required is a dual N-channel MOSFET
connected between the unpredictable supply and the
sensitive load.

Figure 1 shows acomplete application. A resistive divider
sets the overvoltage (OV) and undervoltage (UV) trip
points for connecting/disconnecting the load from V. If
theinputsupply wanders outside this voltage window, the
LTC4365 quickly disconnects the load from the supply.

The dual N-channel MOSFET blocks both positive and
negative voltages at Vjy. The LTC4365 provides 8.4V
of enhancement to the gate of the external MOSFET
L7, LT LTC, LTM, Linear Technology and the Linear logo are registered trademarks and

Hot Swap is a trademark of Linear Technology Corporation. All other trademarks are the
property of their respective owners.

Si4946
Vout

_ GATE
Vin Vout
% 510k LTC4365
s SHDN
1820k
uv FAULT —
243k
ov
0V =18V
59k GND UV =3.5V

J_ dnd97 FO1

Figure 1. Complete 12V Automotive Undervoltage, Overvoltage and Reverse-Supply Protection Circuit

12/11/497



during normal operation. The valid operating range of
the LTC4365 is as low as 2.5V and as high as 34V—the
OV to UV window can be anywhere in this range. No
protective clamps at Vy are needed for most applica-
tions, further simplifying board design.

Accurate and Fast Overvoltage and Undervoltage
Protection

Twoaccurate (+1.5%) comparatorsinthe LTC4365 monitor
for overvoltage (OV) and undervoltage (UV) conditions
at Vjy. If the input supply rises above the OV or below
the UV thresholds, respectively, the gate of the external
MOSFET is quickly turned off. The external resistive
divider allows a user to select an input supply range that
is compatible with the load at Vqyr. Furthermore, the UV
and OV inputs have very low leakage currents (typically
<1nAat 100°C), allowing for large values in the external
resistive divider.

Figure 2 shows how the circuit of Figure 1 reacts as
Vi slowly ramps from -30V to 30V. The UV and OV
thresholds are set to 3.5V and 18V, respectively. Vourt
tracks Vy when the supply is inside the 3.5V to 18V
window. Outside of this window, the LTC4365 turns off
the N-channel MOSFET, disconnecting Voyt from Vyy,
even when V| is negative.

Novel Reverse Supply Protection

The LTC4365 employs a novel negative supply protection
circuit. When the LTC4365 senses a negative voltage at
Vi, it quickly connects the GATE pin to V. There is no
diode drop between the GATE and V,y voltages. With
the gate of the external N-channel MOSFET at the most
negative potential (Vyy), there is minimal leakage from
Vour to the negative voltage at Vyy.

Figure 3 shows what happens when Vyy is hot-plugged to
-20V. V}y, VoyT and GATE start out at ground just before
the connection is made. Due to the parasitic inductance

30V

V=18V
\VALID WINDOW
R

GND

...................................

=30V | _ el
10V/DIV b

dnd97 FO2

I 1s/DIV .
Figure 2. Load Protection as V,y Is Swept from -30V to 30V

Data Sheet Download

www.linear.com

of the Vi and GATE connections, the voltage at V;y and
GATE pins ring significantly below —20V. The external
MOSFET must have a breakdown voltage that survives
this overshoot.

The speed of the LTC4365 reverse protection circuits is
evident by how closely the GATE pin follows Vyy during the
negative transients. The two waveforms are almost indis-
tinguishable on the scale shown. Note that no additional
external circuits are needed to provide reverse protection.

There’s More! AC Blocking, Reverse Viy
Hot Swap™ Control When Vgyr is Powered

After either an OV or UV fault has occurred (or when Vyy
goes negative), the input supply must return to the valid
operating voltage window for at least 36ms in order to
turnthe external MOSFET back on. This effectively blocks
50Hz and 60Hz unrectified AC.

LTC4365 also protects against negative Vy connections
even when Vgyr is driven by a separate supply. As long
as the breakdown voltage of the external MOSFET is not
exceeded (60V), the 20V supply at Vgyr is not affected
by the reverse polarity connection at Vyy.

Conclusion

The LTC4365 controller protects sensitive circuits from
overvoltage, undervoltage and reverse-supply connec-
tions using back-to-back MOSFETs and no diodes. The
supply voltage is passedto the output onlyifitis qualified
by the user-adjustable UV and QV trip thresholds. Any
voltage outside this window is blocked, up to 60V and
down to —40V.

The LTC4365’s novelarchitecture resultsinarugged, small
solution size with minimal external components, and it
is available in tiny 8-pin 3mm x 2mm DFN and TSOT-23
packages. The LTC4365 hasawide 2.5V to 34V operating
range and consumes only 10pA during shutdown.

GND

5V/DIV |

iy

=20V pverlee

dn497 F03

500ns/DIV

Figure 3. Hot Swap Protection from V;y to -20V

For applications help,
call (408) 432-1900

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

dn497f LT/AP 1211 196K « PRINTED IN THE USA
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PROBES CONNECTED
TO A LARGE INDUCTANCE, <
SAY 20 mH

BC559

p—— ANN—O@ GB
CD4069

O

R1
100k

47k

PULSE-
ISSUE
10k INDICATOR 220
A

0—0@
CD4069 \
W=

CD4069

RG
1LY
T~0.7 TO 1.1 RC

Figure 2 You can eliminate the NE555, but variations in the G, input switching threshold can affect the pulse duration.

amount of noise immunity
and determines the minimum
time for which the test circuit
should be connected between
the probes. The 100-k€ resis-
tor in series with the input of
G, limits the input current in
case the probe is accidentally
connected to an active circuit.

R, connects to the junc-
tion of R, and R, through a
reverse-biased diode, D,. It
normally has no effect as long
as the probes are not connect-
ed through a load, because the
series string of R, D, R, and
D, is a high-resistance circuit
compared with the 12 MQ of
R,. As soon as you connect a
passive test circuit such as a
resistor/inductor/LED, how-
ever, D, and R, are paralleled
by it. Thus, the branch in par-
allel with R, has a lower resis-
tance and the G, input voltage
increases such that it is now
recognized as logic 1, driving
G/’s output low.

R, and C, form a debounce-
and-delay network to ensure
that the probes are firmly con-

[www.edn.com]

TIP WIDENED
USING A SHARP
TOOL FOR INSERTING
COMPONENT LEAD

CONNECTING WIRE

GEL-PEN
REFILL TIPS
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"'h-__‘-_
BETTER TO BEND
A BIT INWARDS g

GLUE-STICK CAP =

GEL-PEN
REFILL PIPE

20 \
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clrouIT | |
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switcH _J PN
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3.6V GLUE-STICK
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BATTERY|
RESISTOR-DIODE
COMBINATION TO
LIMIT THE CURRENT
POWER L4 SOCKET

FOR CHARGING

Figure 3 You can build the automatic pulse generator in a

used glue-stick tube.

nected to the circuit under
test before the power pulse is
issued. When the output of G,
goes low, capacitor C, begins to
discharge through R.. The logic
input voltage of G, changes
within a time on the order of
R.C,.

In Figure 1, the rising out-
put of G, immediately triggers
the NE555 monostable through
G, and the differentiator formed
by C, and R,. Once C; has fin-
ished charging through R, G,’s
input returns to ground and its
output returns high to allow
the NE555 to complete its tim-
ing cycle with a duration that
its R and C values determine.!
The timed logic 1 output of the
NE555 turns on Q, to light the
“pulse issued” LED, and through
G, G,, and G turns on Q, and
Q, to present the power pulse to
the circuit under test.

Only one pulse is gener-
ated per contact; removing the
probes and then reconnecting
them will issue a new pulse. If
the circuit under test is induc-
tive and greater than 20 mH at

FEBRUARY 2013 | EDN 51
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the end of the pulse, the inductive back
EMF will flash LED D, if the probes are
still connected.

In Figure 2, the NE555 has been
replaced by a monostable comprising
G, and G, D, and R.. R, has been
changed to 1 MQ, and diode D, has
been added to the input of G,. Resistor
R holds G,’s input high, which in the
quiescent state causes G,’s output to
hold G’s input low. A rising edge from
G, causes a low to couple through the
initially discharged capacitor, C, to G,,
whose rising output is fed back to G, as
positive feedback and holds G,’s input

high even if the probes are removed. If
this happens, D, becomes reverse biased
and prevents G’s falling edge from
affecting the monostable operation.
Capacitor C then slowly charges
through resistor R until G’s input rises
above its switching threshold, and the
positive-feedback process reverses. The
pulse duration depends on the RxC
time constant, and is about 0.7 to 1.1
RC, depending on the G, threshold
voltage, which can vary between 0.33
and 0.67 of the supply voltage. The
author suggests 1 MQ for R and 40 nF
for C, but R could be made variable,

Read 10 or more switches using
only two I/O pins of a microcontroller

Aruna Prabath Rubasinghe, University of Moratuwa, Moratuwa, Sri Lanka

N There are several ways to read

multiple switch inputs using a
reduced number of microcontroller-unit
(MCU) pins. For example, you can use

an analog MCU pin to read multiple
switches by assigning a unique voltage
to each switch through a resistor net-
work, or you can use a one-wire device,

as well. D, ensures that C discharges
rapidly as G,s output returns high.

In either case of Figure 1 or Figure
2, the momentary high output of the
monostable turns Q, on to flash the
pulse-issued indicator LED. It also turns
on both Q, and Q, to power the probes.
D, serves to isolate the —ve probe from
the primary input of the circuit at G, to
avoid immediate self-suppression.Ebn

REFERENCE

il NE555 data sheet, Figure 11,
Texas Instruments, June 2010,
http://bit.ly/127p7kq.

such as the Maxim DS2408 8-channel
addressable switch.

The first method has several disad-
vantages: The MCU has to have an
ADC function, debounce wait times
reduce the polling rate, and an error
results if the switch is opened during the
ADC sampling time. The second method
also has the drawback of comparatively
low speed; it uses 1-wire communica-
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i e
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Qall0
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Figure 1 You can easily expand this circuit to many more than 10 switches, yet still use only two MCU 1/O pins, by cascading
multiple CD4017 counters through their carry-outs to the following enables.
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Figure 2 You can add three resistors and a transistor to implement the occasional synchronizing reset without using a third 1/0 pin.

START

START_TIMER();

n=0;
EXTERNAL l TIMER
INTERRUPT USER FUNCTIONS INTERRUPT DISABLE EXTERNAL
INFINITE LOOP “|  INTERRUPTS();
BUTTON_FUNCTION(n); n=97 YES n=0:
NO
n=n+1;

10-pSEC_COUNTER_PULSE();
ENABLE EXTERNAL INTERRUPTS();

Figure 3 This flowchart displays the process for reading an all-pushbutton system. Only one button at a time should be pressed.
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tion, which requires continuous polling;
and each poll generates an 8-bit data
sequence relevant to switch positions.

This Design Idea describes a method
for reading multiple pushbuttons or
open/closed switches using only two
digital I/O pins and a timer interrupt of
the MCU (Figure 1). Optionally, a third
/O pin can be assigned to periodically
reset the CD4017 (a cascadable decoded
1-0f-10 Johnson counter) for reliable
operation should an EMI or ESD event
occur that could falsely clock the coun-
ter, or you can use the circuit shown in
Figure 2 and retain the two-pin feature.
The diodes isolate the counter outputs
in the event that two or more switches
are closed at the same time. You can
increase the number of switches con-
nected by cascading multiple CD4017
ICs using a carry-out signal (pin 12) and
a clock signal (pin 14).

Reliable operation fol-
lowing the initial power-up
reset depends on the CD4017
counter’s remaining synchro-

nized with the MCU counter.

high while keeping the clock in the
logic-low state.

In the idle high-impedance state,
transistor Q, is turned on through R,
and R,, making the voltage on V, and
V, below the logic-low level. This sets
both the clock and reset pins of the
CD4017 to a logic-low state.

To send a clock edge, therefore,
change the state in the following man-
ner: high impedance > logic high >
high impedance. Likewise, to reset the
CD4017, change the state as follows:
high impedance > logic low > high
impedance.

The flowchart in Figure 3 is for an
all-pushbutton system and functions
as follows: At the start, the MCU sets
a counter variable to 0 and starts an
interrupt-enabled timer, which is set to
overflow and interrupt at 1-msec inter-
vals. In the timer-interrupt routine, sev-

START

eral tasks are carried out: External inter-
rupts are disabled; the counter variable
is incremented by 1; a 10-psec clock
pulse is sent to the CD4017; and the
external interrupt is enabled.

ATHIRD 1/0O PIN CAN
BE ASSIGNED TO PERI-
ODICALLY RESET THE
CDA4017 DURING AN
EMI OR ESD EVENT.

As the MCU clocks the CD4017
every 1 msec and increments the coun-
ter variable by 1 if its value is less than
9, the CD4017 output corresponding
to the counter-variable value goes to
logic high from logic low; that is, if
the counter-variable value is 2, then

the decoded 2 output of the
CD4017 (pin 4) is at logic
high while all other outputs
are at logic low. At this time,
if the user pressed pushbut-

This synchronization can be START_TIMER(); ton S,, it would send a logic-
upset by an ESD or EMI event L=0; high signal to the external
such as a nearby cell phone, so l TIMER interrupt pin of the MCU.
it would be wise to include in USER FUNCTIONS | INTERRUPT Pressing any other button
the firmware a periodic hard- INFINITE LOOP does not generate external
ware reset to the CD4017 to interrupts, because all other
keep the counts synchronized. outputs of the CD4017 are in
Figure 2 shows how you can n=o? STES 1o the logic-low state.
do this without having to use When the MCU receives
a third MCU pin. NO the external interrupt, it gets
For this function, you use the current counter-variable
the MCU?’s ability to keep value (which is 2) from its
. L . n=n+1; . o
its I/O pin in three different NO memory, identifies the pressed
states: high, low, and, by tem- button as S,, and thus carries
porarily changing the pin to out the functions relevant to
an input, high impedance. S,. When the counter vari-
10-uSEC_COUNTER_PULSE( ;<

In the logic-high state,
transistor Q, turns on through
R,, making the voltage on V,
logic high and the voltage on
V, below the logic-low level.
This sets the clock pin to a
logic high while keeping the
reset pin at a logic low.

In the logic-low state,
transistor Q| turns off, mak-
ing the voltage on V, logic
low and the voltage on V,
above the logic-high level.
This sets the reset pin to logic
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able reaches 9, it is set to O

INPUT_HIGH?

YES

BUTTON_FUNCTION(n);

Figure 4 When non-momentary toggle switches are used,
you can decode multiple combinations of switch closures by
checking the state of the interrupt input.

through the software, as the
CD4017 also resets automati-
cally at the 10th pulse.

Note that only one button
at a time should be pressed; if
two consecutive buttons are
pressed together, there may
not be enough dropout time
between successive counter
states for the interrupt edge to
register. You can resolve this
issue by using the flowchart
shown in Figure 4.
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Successfully choose complementary

bipolar transistors
Peter Demchenko, Vilnius, Lithuania
N For circuit designs that use com-

plementary bipolar transistors,
you sometimes need to sort the NPN
and PNP transistors to have matching
dc-current gains (B). One example of a
circuit requiring matching is the output
stage of an amplifier. The circuit in
Figure 1 shows a simple test fixture to
achieve this match.

Transistors Q, and Q, are the devices
being tested to see if they are matched. In
the test fixture, Q, and Q, share the same
base current (I); since there is no addi-
tional path where the current can flow,
no additional compensation is needed.
Note, however, that B should be high
enough that [ =] .. With this detail in
mind, resistors R and R should be equal.

To give the transistors a bit more
headroom, an additional voltage drop
is introduced between the transistors’
base connections. A voltage differen-
tial of a few volts is desirable, so a blue
LED is a good choice for D,. Its pres-
ence helps to set the base voltage for Q,
(V;,) to about half of the supply volt-
age (V,). Using an LED in the place of
D, is preferable to using a zener diode
due to the sharper knee at the low cur-
rents. Moreover, you can see the glow
of many blue LEDs at currents below 10
pA; the glow indicates the presence of
base current, which means the circuit

OV

Figure 1 This circuit makes it easy to
test and match the current gain of
complementary bipolar transistors.
Matched transistors will cause the
voltmeter to read OV.

[www.edn.com]

is working properly. Equation 1 is used

to determine the needed supply voltage:
Vi Vit Vi, = Vy/2 (1)

A typical blue LED will have a for-

ward voltage of about 3.5V; assuming
Vi =V, =07V, you get a value for V,
of about 9.8V.

Resistor R sets the emitter current
of Q; it is calculated using Equation 2:

Rlz(VS_VBEl_VD_VBEZ)/IEI (2)
You should select an emitter current
that matches the application in which
the transistors will be used, because beta
varies with emitter and collector cur-
rent. With matching transistors (B,=B,)

Figure 2 For a simpler version, replace
the voltmeter with inverse-parallel-
connected red LEDs.

installed in the test fixture, the voltage
dropsacross R and R, are equal, and the
voltmeter will show O.

The circuit in Figure 2 is functional-
ly equivalent but uses a simpler method
to indicate when the circuit is in bal-
ance. With matched gains, neither of
the red LEDs (D, and D,) will be on.Epn
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Synchronized regulator produces

coherent noise

Jim Williams, Sean Gold, and Steve Pietkiewicz, Linear Technology, Milpitas, CA

N By using a gated-oscillator archi-
tecture instead of a clocked-
PWM one, gated-oscillator-type switch-
ing regulators permit high efficiency
over extended ranges of output current.
This architecture eliminates the house-
keeping currents associated with the
continuous operation of fixed-frequency
designs. Gated-oscillator regulators sim-
ply self-clock at whatever frequency is
necessary to maintain the output volt-
age. Typically, loop-oscillation frequen-
cy ranges from a few hertz to the kilo-
hertz region, depending on the load.
In most cases, this asynchronous,
variable-frequency operation doesn’t
create any problems. However, some sys-
tems are sensitive to the asynchronous
characteristics. The system in Figure 1
slightly modifies a gate-oscillator-type
switching regulator by synchronizing its
loop-oscillation frequency to the system’s
clock. The oscillation frequency and its

attendant switching noise, albeit variable,
become coherent with system operation.

To analyze the system in Figure 1,
temporarily ignore the flip-flop, and
assume the circuit directly connects the
A,; and FB pin of the LT1107 regula-
tor. When the output voltage decays, the
set pin drops below V., causing A,
to fall. The internal comparator then
switches to high, biasing the oscillator
and output transistor into conduction.
L, receives drive pulses, and the circuit
deposits this inductor’s flyback events
into the 100-pF capacitor via the diode,
ultimately restoring output voltage. This
action overdrives the set pin, causing the
IC to switch off until it requires another
cycle. This oscillator cycle’s frequency is
load-dependent and variable.

Now, interposing a flip-flop into the
path between the A . and FB pins,
as the figure shows, synchronizes the
regulator to the circuit-generated clock.

V=2 TO 3.2V (TWO CELLS)

When the output decays far enough,
the A, pin goes low. At the next
clock pulse, the flip-flop’s Q, output sets
low, biasing the comparator-oscillator.
This turns on the power switch, which
pulses L,. L, responds in flyback fashion
and deposits its energy into the output
capacitor to maintain output voltage.
This operation is similar to the previ-
ously described case, except that the flip-
flop now synchronizes the sequence of
events with the system clock. Although
the resulting loop’s oscillation frequency
is variable, the frequency and all atten-
dant switching noise are synchronous
and coherent with the system clock.

The circuit requires a start-up sequence
because the output provides power for the
clock. The circuit connects the flip-flop’s
remaining section as a buffer to furnish
start-up. The flip-flop’s connected CLR,
and CLK| lines monitor output voltage
via the 221-, 82.5-, and 100-kQ resistor
string. When power is applied, Q, sets
CLR, low, which permits the LT1107 to
switch, thereby raising the output voltage.
When the output goes high enough, Q,
sets CLR, high, and normal loop opera-
tion commences. Although this circuit
uses a step-up regulator, the technique
also works with other types.

p

47 L
100k 1
5V QUTPUT
v,
AUXILIARY N by
AMPLIFIER sw,
| | | _1 |_" i = Vier(1:2V)
PRE, @ Q, CLR, PRE, V¢ Veer +
D,
74HCT4 +
FLIP-FLOP e OSCILLATOR —-<
CLR, Q, i SET
' CLK, D; GND CLK,
COMPARATOR 2
3 _J_ J SW.  GND 100k
= S 47k LT1107 It i 1

100-kHz CLOCK POWERED FROM 5V OUTPUT

NOTES:
L,=22-uyH COILTRONICS CTX-20-2
*=1% METAL-FILM RESISTOR

Figure 1 A synchronizing flip-flop forces the LT1107 gate-oscillator-type switching regulator’s noise to be coherent with the

100-kHz clock.
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SUPP

Finding and securing hard-to-find parts

dding or subtracting a
link in the supply chain
is never easy. A single

substitution of a component,
for example, affects other com-
ponents on the board, pricing,
delivery considerations, and
even relationships. But buy-
ers have to hedge their bets
to ensure a single component
doesn’t hold up production.
Numerous considerations
belong in this category of risk
management. The risk of any
one thing going wrong between
design and production is con-
siderable and is one of the chal-
lenges that keep supply-chain

The classic situation is the
component that is hard to find
or can’t be sourced at the last
minute. Most OEMs develop an
approved-vendor list that desig-
nates two or more sources for a
particular component and can
be programmed into a system
and automated. But the typical
forecast window of six weeks
or more means that component
lead times may change or that
there can be rapid shifts in sup-
ply and demand, as the indus-
try experienced during the 2011
Japan earthquake and tsunami.
This is where buyers contribute
most to an effective supply chain.

. In the semiconductor market,
no matter how good
forecasting is, it takes 16 weeks to
manufacture a component.

managers up at night, accord-
ing to research conducted by
UPS and IDC.

There’s no shortage of options
in risk management: Companies
can calculate it internally; con-
sultants are widely available;
distributors consider it part of
their core competency; facto-
ries hedge against not filling an
order; and even logistics com-
panies are entering the fray. An
overall risk-management strat-
egy comprises cross-functional
groups within an OEM and
C-level executive involvement.
But buyers play a significant role,
as well. Much of this contribution
involves relationship manage-
ment with supply sources and
dealing with “exception man-
agement” situations.
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The first line of defense in
a shortage is the component
supplier. In times of scarcity,
however, the supplier’s largest
customers will be first in line for
delivery. In the semiconductor
market, no matter how good
forecasting is, it takes 16 weeks
to manufacture a component.

Distribution is usually the next
stop. Distributors, like suppliers,
manage their inventory to cus-
tomer forecast, but build in both
upside and downside parame-
ters for inventory buys. Chances
are if one customer cancels an
order, there are other customers
that also use that part. Strategi-
cally, smart buyers will manage
relationships directly with both
suppliers and distributors. Like
suppliers, distributors will try to

respond first to their largest or
most dependable customers.
For distributors, however,
orders change every day, not
just in times of crisis. Suppliers
or customers may go out of
business or discontinue certain
product lines. These factors are
part of inventory-purchasing
decisions. Distributors are likely
to have buffer stock for hard-to-
find parts, or have an order on
the supplier’s books if there’s a
shortfall in finished goods.
When all else fails, buyers
can go to the open market or
through independent channels.
They face several issues in the
open market, however. Parts
that reach the open market
may not carry the manufactur-
er's warranties unless they are
sourced through an authorized
channel. Counterfeit parts also
enter the channel through open-
market deals where bogus
parts are mixed in with legiti-
mate components. Authorized
channels remain skeptical of the
screening procedures.
Sources of authentic parts are
available. Authorized distribu-
tors will buy inventory when a
part reaches its end of life or
buy the die, masks, and IP from
the original component vendor.
When necessary, some of these
companies can manufacture
components using the original
specs. This solution tends to be
costly, however, as these busi-
nesses don't typically own their
own fabs and parts aren’t man-
ufactured in massive volumes.
—by Barbara Jorgensen
This story was originally posted
by EBN: http://bit.ly/Vujs8P
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LINKING DESIGN AND RESOURCES

PV INDUSTRY
TO SEE
INSTALLATION
GROWTH,
REVENUE DIP

The number of global
photovoltaic (PV) installations
will see a continued increase
in 2013, but the industry

will nonetheless experience
a decline in overall revenue
due to lower volume growth
and decreasing system
prices, according to market-
intelligence firm IHS.

PV installations are
projected to reach 35 GW
this year, up from 32 GW in
2012. In comparison, industry
revenue —system price
multiplied by total gigawatts
installed—will decline to an
estimated $75 billion (down
from $77 billion last year)
and exhibit an even steeper
fall from the market’s peak
revenue of $94 billion in 2011,

“The conflicting trend
of growing PV installation
volumes accompanied ... by
falling revenues will challenge
solar companies to continue
to reduce their cost struc-
tures,” says Ash Sharma,
director of syndicated solar
research for IHS.

Another issue, Sharma
adds, will be the rapid
globalization of the industry.
Europe accounted for more
than 80% of solar demand in
2010, but its 2013 share is
forecast to slide to 39%. Asia,
meanwhile, is on track to
replace Europe as the world’s
largest source of solar instal-
lations.—by Amy Norcross
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Murata develops high-permissive-current
capacitor for automotive market

Murata has added three multilayer monolithic ceramic capacitors to its EVC

series of high-permissive-current capacitors aimed at automotive applica-
tions. These surface-mounting capacitors measure 16x20 mm and have an EIA
U2]J temperature characteristic that supports an operating temperature range from
—55°C to +125°C. An absolute maximum case temperature of +150°C is permitted
for a short duration. The additions to the EVC series offer 1.2 pF/500V dc, 300
nF/1 kV, and 100 nF/1.4 kV. The maximum allowable current, at 100 kHz, is 30A
(RMS). Products in the EVC series can be used as smoothing or snubber capacitors
for inverter/converter applications or as resonance capacitors for wireless charging
systems.
Murata Manufacturing Co Ltd, www.murata.com

TE Connectivity connectors eliminate soldering

The Mag-Mate connectors from

TE Connectivity include multi-
spring pins that streamline the manu-
facturing process by eliminating the
need to solder magnet wires to PCB
connections in motors and
coils. The solderless press-
fit multispring pins also
prevent heat damage to
board-mounted compo-
nents. An insulation-dis-
placement connection
(IDC) slot on the connec-
tors further aids manufac-
turing by simultaneously

62 EDN | FEBRUARY 2013

stripping up to two magnet wires of the
same size during termination. No pre-
stripping, welding, or soldering is
required. Five Mag-Mate connector
types accommodate copper-magnet-
wire sizes of 0.18 t0 0.265 mm
(31 t0 33 AWG), 0.265 t0 0.4
mm (26 to 30 AWG), 0.63 to
0.85 mm (19 to 23 AWG),
0.85 to 1.12 mm (17 to 19
AWG), and 0.4 to 0.63 mm
(23 to 26 AWG). The con-
nectors are available in strip
form for semiautomatic or
fully automatic insertions. A

clean metal-to-metal interface produces
stable, gas-tight electrical terminations
free of oxides and other contaminants.
TE Connectivity, www.te.com

Vishay introduces
solid tantalum chip
capacitors

Designed for space-constrained

applications, the TL8 series of
molded Microtan solid tantalum chip
capacitors from Vishay Intertechnology
employs a high-volumetrically efficient
packaging solution to enable high
capacitance-voltage (CV) ratings in a
low-profile case (0.8 to I mm). High
voltage ratings make the devices suitable
for OLED displays. The TL8 capacitors
are available in a variety of footprints,
including the 0805 (2x1.25 mm), A case
(3.2x1.6 mm), and B case (3.5%2.8 mm).
The devices feature high CV ratings
from 3.3 uF-35V to 220 pF-4V, standard
capacitance toler-
ances of £10% and
+20%, and an oper-
ating temperature
range of —=55°C to
+85°C, or +125°C
with voltage derat-
ing. The RoHS-
compliant devices are available in 8-mm
tape-and-reel packaging. Pricing for US
delivery starts at $0.08 per piece.
Vishay Intertechnology,
www.vishay.com

Molex connector
system handles up to

100A per bay
N The EXTreme EnergetiC High-

Current Connector System from
Molex, which handles applications
requiring high current of up to 100A per
bay, is intended for use in high-end
computing, datacom, and power-supply
equipment, including 1U/2U servers,
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modular power supplies, and power-
distribution circuit boards. The connec-
tor system is available in right-angle
plug and vertical-receptacle configura-
tions, with 4- and 6-power blade
bays and a 25-signal bay. Configurations
can be designed to support various
applications.

Molex Inc, www.molex.com

C&K Components
subminiature slide
switch has life of
100,000 cycles

N The JSX Series SPDT momen-
tary action switch from C&K
Components is a subminiature slide
switch for consumer-electronic devices.
The low-profile (2.6x7.6 mm) JSX
switch has an extended electrical and
mechanical life of 100,000 cycles, and
its tape-and-reel packaging makes it
ideal for high-volume assembly. Typical
applications include on/off touch-
screens, handheld games, remote con-
trols, and instrumentation. Available in
a glass-filled housing with a 4/6 nylon
(UL94V-2) actuator, the JSX Series
switch features beryllium-copper and
silver-plated contacts. Phosphor-bronze
or silver-plated terminals and a stain-
less-steel cover and return spring allow
for the 100,000-cycle life span. The JSX
Series switch’s contact rating of 10 mA
at 5V dc (resistive), maximum contact
resistance of 70 mQ, and dielectric
strength of 100V ac for one minute at
50/60 Hz and 2 mA allow it to be inte-
grated into various applications.
C&K Components,
www.ck-components.com
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Kemet’s high-voltage
bulk capacitors save
board space

N The Kemet Power Solutions
(KPS) high-voltage stacked
capacitors in X7R dielectric employ a
proprietary lead-frame technology that
vertically stacks one or two MLCCs in
a single surface-mount package. The
two-chip vertically stacked device offers
up to double the capacitance of a single
capacitor in the same or smaller foot-
print, saving board space in a design.
KPS series devices, which are available
in rated voltages of 500V dc and 630V
dc and an operating temperature range
of =55°C to +125°C, provide board flex
capability up to 10 mm. The lead frame
isolates the capacitors from the PCB to
provide better mechanical and thermal
stress performance and to address con-
cerns about audi-
ble microphonic
noise that may
occur when a
bias voltage is
applied. The
devices are avail-
able in commer-
cial and automotive grades and are
suited to applications such as switching-
power-supply smoothing circuits, snub-
bers in lighting ballast circuits, and
high-voltage coupling/dc blocking in
inverters.
Kemet, www.kemet.com

Vishay supports
solar apps with
shap-in power
aluminum capacitors

The 193 PUR-SI Solar snap-in

power aluminum capacitors from
Vishay Intertechnology have a rated
voltage of 500V at 50°C and a category
voltage of 450V at 105°C. Designed for
solar applications, where the highest
voltage is present under no-load condi-
tions, the 193 PUR-SI Solar devices
feature a rated ripple current of up to

2.52A at 105°C and 100 Hz. At 500V,
the devices feature a maximum operat-
ing temperature of 50°C and a useful
life of 5,000 hours
(no ripple current
applied). At 450V,
the maximum tem-
perature can be
extended to 105°C
with a useful life of
6,000 hours. As
polarized aluminum electrolytic capaci-
tors with a non-solid electrolyte, the
193 PUR-SI Solar devices are suited for
smoothing, filtering, and energy storage
in pulsed-power applications. End prod-
ucts include solar photovoltaic invert-
ers, industrial motor controls, and
power supplies. Five case sizes are avail-
able, ranging from 35x%30 mm to 35x60
mm. Pricing for US delivery starts at
$5.50 per piece.

Vishay Intertechnology,
www.vishay.com

Cornell Dubilier
releases type-BLC
DC link capacitors
for inverter systems

Cornell Dubilier’s type-BLC

high-energy-density, board-
mount, dc link capacitors are designed
for medium-power inverter systems used
in wind and solar energy systems, elec-
tric vehicles, motor drives, and UPS
systems. Available in values from 8 to
55 pF and in voltage ratings
from 700V dc to 1100V dc,
the type-BLC dc link
capacitors are pack-
aged in UL94V-0
plastic boxes with
four pins for low
ESR. These capaci-
tors are designed for
long life at high ripple current, up to
36A, with a 25-year life under typical
operating conditions. In OEM quanti-
ties, prices start at $4. Samples are avail-
able in 4 to 6 weeks.
Cornell Dubilier, www.cde.com
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SMD wirewound
resistor from Ohmite
handles more than 5W

N By using a simple idea from its
heat-sink designs, Ohmite
reports it has developed SMD wire-
wound resistors that meet 5W power
ratings. The new design incorporates
fins in the body of the resistor, creating
an additional surface area within the
same resistor footprint. The company
offers the resistors in 5W and 7W ver-
sions, and because tests performed over
1000 hours of
continuous oper-
ation demon-
strated that the
resistance drift
was negligible
(less than 1%),
customers can
specify very tight
tolerances along
with the new,
higher power ratings. A couple of fins
have been removed to allow for a flat
zone on the top center of the resistor to
enable its use on pick-and-place
equipment.

Ohmite, www.ohmite.com

Tiny audio transducer
from Transducers USA
delivers 80 dBA SPL

N The Model TRSTE-5025 sur-

face-mount audio transducer
from Transducers USA produces a very
high sound-pressure level (SPL) of 80
dBA minimum in a miniscule 5x5x2-
mm package. The top port sound release
of the TRSTE-5025 makes it suitable

for handling the size constraints of

e

=iy
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small, battery-operated products such as
cell phones, handheld GPS units, and
portable alarms. The device operates
from a voltage range of 2 to 4Vp/p at 90
mA. Output frequency is 4000 Hz in an
operating temperature range of —30°C
to +85°C. The TRSTE-5025 transduc-
ers are shipped in a tape-and-reel pack-
age that is compatible with solder-
reflow production. Pricing is $0.90 each
(production quantities).

Transducers USA, www.tusainc.com

Wirewound resistors
from TT Electronics
offer surge energy

ratings up to 7W
With surge energy ratings rang-

ing from 2 to 7W, the WHS

series of flame-proof, wirewound resis-
tors from TT Electronics is suitable for
use in power supplies that require a
line-input resistor for inrush limiting
and protection. The WHS resistors
feature a winding design in which a
high-purity ceramic substrate is assem-
bled with
interference
fit end-caps
welded to
the termina-
tions. The
resistive ele-
ment is then
wound on
the substrate
and welded
to the caps. The design enables the
resistors to withstand the high surges
associated with switch-on, discharge,
and external surge events. The WHS2,
rated at 2W, provides surge energy rat-
ings of 0.9 to 5.8]. Other models in the
series carry ratings of 3, 5, and 7W, in
resistance values to 330Q and surge
energy ratings to 60]. All models have
UL94-V0 flame-proof protection and
operate over a temperature range of
—55°C to +155°C.

TT Electronics,
www.ttelectronics.com

Bulgin’s push-pull
coupling connectors
withstand harsh

environments
N The Buccaneer 6000 Series of
waterproof power, signal, and
data connectors from Bulgin features an
easy-to-use push-pull latching mecha-
nism, combined with
a 30° twist lock, that
can connect up to 10
times faster than a
traditional screw-
thread mechanism.
This latest addition
to the Buccaneer
family, which com-
plements the screw-thread Buccaneer
models, is designed to withstand the
harshest environments and meets IP66,
IP68, and IP69K standards. The
Buccaneer 6000 Series includes data
(USB or Ethernet), signal, and power
versions up to 16A, 277V. Available in
interchangeable metal and plastic con-
structions, the body moldings and pin
carriers create a robust interface while
avoiding damage during coupling. The
company says this design guarantees a
correctly sealed connection, even where
access is restricted.
Bulgin, bulgin.co.uk

Multilayer capacitors
from AVX target
RF applications

N The MLO3 Series surface-mount

capacitors from AVX Corp are
available in 500V dc and 250V dc ver-
sions that support frequencies ranging
from 1 MHz to greater than 5 GHz. The
polymer-based capacitors, which are
based on AVX’s multilayer low-loss
organic (MLO) technology, use high-
conductivity copper interconnects and
are designed for RF power and low-noise
amplifiers, filter networks, and MRI sys-
tems. The RoHS-compliant RF capaci-
tors are rated for 50V dc to 500V dc and
feature capacitance values ranging from
0.1 to 2.5 pF and capacitance tolerance
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to £0.02 pF. AVX reports that the
capacitors maintain high Q and high
self-resonance while providing low ESR
values at high frequencies. Available in
the 0603 case size with a 100% tin fin-
ish, the MLO3 Series features stable

NPO characteristics and an operating

temperature range of —55°C to +125°C.
AVX Corp, www.avx.com
IP&E/PASSIVES "' = |
DATA SHEETS “
Find data sheets on these and
similar products searchable by
category, part number, descrip-
tion, manufacturer, and more,
at www.datasheets.com.

40 & 300 ps Pulse Generators from AVTECH

Avtech has pioneered the design of subnano-
second rise time pulse generators and now offers
over 35 models which provide 40-300 ps rise
times with 5 to 100 Volt output amplitude and PRF
to 250 MHz. These models are ideal for testing
high speed semiconductors and optoelectronics in
both laboratory and factory floor applications. See
www.avtechpulse.com/speed for details.

Customized models are also available. 50 ps/DIV, 5V/IDIV

Model AVP-3SA-C

And Model AVI-V-HV2A-B
provides a 100 Volt 300 ps
rise time output!

Pricing, manuals, datasheets: www.avtechpulse.com

AVTECH ELECTROSYSTEMS LTD.
Tel: 888-670-8729 Fax: 800-561-1970
info@avtechpulse.com
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TALES FROM THE CUBE

Rush-project troubleshooting comes

=== - -

e
___(q‘
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n 1981, I needed a less expensive method for connecting ICs
than the standard etched-copper PCB. I was looking for a
method that would produce circuits faster than prototype PCB
fabrication and that would allow many changes to be made
quickly at low cost. I chose wire wrap, which was used a lot in

that decade of digital circuits.

The wire-wrap process uses a motor-
ized tool that wraps a small-gauge (30
AWG) wire tightly around each square
IC socket post. The four square corners
on the socket posts dig into the wire to
provide a low-resistance electrical path.
Little did I realize the troubleshooting
problems that lurked ahead when I
chose this manufacturing method.

The rush was on to wire a dozen
board types for a prototype and produc-
tion system. We chose a universal board
with 12 rows of 100 wire-wrap pins. The
100 pins allowed the use of five DIP ICs
with 20 leads, seven 14-pin ICs, or any
combination not exceeding 100 pins.

Two technicians wired all of the
boards using the wire-wrap method.
With today’s electronic cross-checking
tools, we have come to expect 100% of
our boards to work 100% of the time.
Thirty years ago, we were getting only
half the boards to work the first time.

To troubleshoot the faulty wire-wrap
boards, we used a good board and traced
the clock and other signals from the
origination to the next IC. Was too
much capacitance loading down the
clock oscillation?

We did not have the problem Tracy
Kidder describes in his book The Soul of
a New Machine. Kidder relates a story
in which short pieces of wire-wrap
wire broke off, shorting various points
together. Initial wraps might have been
perfect, but when the unwrapped wires
were used again, it was common for a
half-inch piece of wire at the end to
break off and fall into the maze of pins
and wires, creating electrical havoc.

In our case, the oscillator ran on the
faulty board, but the rest of the board
did not function. To troubleshoot, we
used a Tektronix 455 scope, putting the
amplitude control on the variable set-
ting and then looking at any 5, 12, or

15V signals within that one setting. In
that fashion, we could look at an entire
signal chain by just moving the scope
probe and not adjusting the scope.

While troubleshooting, I heard a
“pop” that sounded as if a circuit breaker
or a polarized capacitor had exploded.
I jumped back a few steps and then
noticed the gaggle of engineers nearby
who were trying to suppress their gig-
gling. At my feet was the flexible cap
of a plastic container—similar in size
to the old 35-mm film canisters—that
stored connector pins. The engineers
had sprayed “freeze spray” into the
container until the air and sides inside
were at —50°C, then quickly capped the
container and left it to sit at room tem-
perature. After a few minutes, the air
inside heated to room temperature, and
the resultant pressure forced off the cap.
Creative coworkers have always liked to
“help” in difficult situations.

I rapidly moved the scope probe
and looked at all the logic-level signals
on the board’s complement of ICs. At
first glance, everything looked OK. I
then went back and slowly examined
each waveform. Instead of a large TTL-
level voltage swing out of the 74L.S04,
I was getting a 2V swing. A closer look
revealed logic levels of +5 and +3V dc.
Even the ground pin was at 3V!

I carefully looked at the bottom of
the board to examine the next IC in the
signal path after the oscillator. Through
the haystack of wires, I saw a wire on the
V.. (pin 14) going to +5V dc but did not
see any wire on the ground (pin 7). The
technician who had wired the boards
made a habit of putting all the V. and
ground connections on first. The other
technician did not, however, and he had
forgotten some of those ground connec-
tions. A quick wire wrap on each IC pin
7 to ground fixed the faulty boards.

So in this case of “haste makes
waste,” I learned that though a sche-
matic can be absolutely correct and per-
fect, it takes an entire team to produce
a successful product.Ebn

Bruce Bushey, now a test engineer, was an
electronics hobbyist for many years before
starting electrical-engineering classes at North
Dakota State University (Fargo, ND).
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The oscilloscope experience redefined.

Agilent’s next-generation oscilloscopes offer
waveform update rates 20 times faster than
the competition. With the latest capacitive
touchscreen technology and innovative
InfiniiScan Zone touch triggering, you haven't
really experienced an oscilloscope until now.

Agilent and our
Distributor Network

metrictest

ng ht Instrument PART OF THE MICROLEASE GROUP

Right Expertise. 866-436-0887
Delivered Right Now. www.metrictest.com/agilent

Scan or visit
http://qrs.ly/ey263t8
to see a video demo

© Agilent Technologies, Inc. 2012

_ No other oscilloscope can touch it.

But you can.

200 MHz to 1.5 GHz
12.1-inch screen designed for touch
InfiniiScan Zone touch triggering

1M waveforms/sec update rate

Fully upgradable: bandwidth, MSO,
dual-channel WaveGen, DVM,
serial analysis including USB




You Can Do Offline Power
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LT3798 _
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Simple AC/DC Conversion with Active Power Factor Correction

The LT®3798 is a general purpose isolated offline flyback controller that combines active power factor correction (PFC)
with no optocoupler required for output voltage feedback into a single-stage converter. The device modulates input current in
phase with line voltage to attain a PF greater than 0.97. It has both a voltage and current loop so it can provide a constant
current or constant voltage (CCCV) output. Its internal architecture provides low harmonic distortion and delivers
efficiencies as high as 90%.

LT3798 Demo Board

WV Output Regulation V Info & Free Samples
(4.45” x1.75” x 1.25”)

2% www.linear.com/product/LT3798
1-800-4-LINEAR
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A3, 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.
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