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built-in, full function PWM control and protection
circuits with optimized power semiconductors and
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density, while eliminating up to 20 or mare critical
discrete components.
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Timing is Everything — The Broadcast
Video Signal Path

— By Mark Sauerwald, Applications Engineer

SDI SDI

Equalizer . -
9 Deserializer Serializer

Non-Synchronous
Video Signal

» Sync H.VF
Separator

Sync Reference

Synchronous
Video Signal

Timing
Control

Figure 1. Major Components of a Genlock System

video studios in the world, operating in different formats, some of

them analog and some digital. There are multiple high definition tel-
evision raster formats in use in the United States today. If you tried to count
the number of different raster formats covered by the SMPTE292M HD
standard, you would run out of fingers and toes. Within any studio there are
many different signals, and they are all synchronized in lock step with one
another. In video parlance, they are “genlocked?”

Q casual observer would note that there are many different broadcast

Genlocking allows for easy switching from one signal to another (i.e., regu-
lar programming to commercials) without disrupting the synchronization
circuits that are in the viewer’s receiver. To do this requires that any signal
coming from an outside source be genlocked to the rest of the signals in the
studio. Most studios use an analog signal as their timing reference signal, and
the timing information needs to be extracted from this signal to allow it to
be used to genlock the incoming signal.

When a new signal is brought into a studio, whether it is coming from a
satellite receiver, a camcorder, or any other source, the first thing to do is to
synchronize it with the rest of the signals in the studio using a genlock
circuit.

Figure 1 shows a block diagram for a genlock which takes an SDI (Serial
Digital Interface) input signal, and synchronizes it with an analog reference

Delay Calibration

National

Semiconductor
The Sight & Sound of Information




High Performance Analog Video Solutions

Analog Video to SDI Converter Typical Application

N SDI Video
Analog Composite Video CLCO030
LMH0030 £= =

Serializer

SD Cable Driver

Reference [
Clock

4

SD/HD PLL
Clock Gen

LMH1981
Video Sync
Separator

FPGA/
Jitter
Cleansing

Supported Video
Formats

Spec Supply

Product ID Range (V)

Type Inputs ‘ Outputs ‘ Packaging

Sync Separators

NTSC, PAL, SECAM, H-sync, V-sync, odd/even,

LMH1981 50% slicing | 480i/p, 576i/p, 720p, 0.5t0 2.0 Vpp | burst/clamp, video format, 33t05 TSSOP-14
1080i/p composite sync
LM1881 70 mV fixed | NTSC, PAL, SECAM | 0.5t02.0Vpp | V-SYnC: odd/even, burst/clamp, | o ', S0IC-8, DIP-8

composite sync
Video Converters

YPbPr to 480i/p, 576i/p 720p,
LMH1251 RGBHV 1080i, 1080p YPbPr RGBHV 5 TSSOP-24
converter XGA, SXGA, UXGA

Spec Supply

Product ID Range (V)

Type Ay (V) (V/us) Igc (mA/Ch)

‘ SSBW (MHz) ‘ Slew Rate

Analog Crosspoint Switches

LMH6582

LMH6583

LMH6570
LMH6572
LMH6574

16x8

16x8

2:1 Mux
Triple 2:1 Mux

4:1 Mux

500

500

500
350

500

1

2

2

2

2

3000 110 mA (total)

3000 110 mA (total)

2200 15
1400 23
2200 13

+3.3V to +5V

+3.3V to +5V

610 12
61012

61to 12

TQFP-64
TQFP-64

Analog Multiplexers

S0IC-8
SSOP-16
SOIC-14

For more information on National's video amplifiers, visit www.national.com/see/videoamps
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SIGNAL PATH | designer
Broadcast Video Signal Path

that is being supplied. In this edition of the Signal
Path Designer, we will look at this application in
detail, and examine the design considerations for

each of the six blocks.

Cable Equalizer

The SDI inputs on video broadcast equipment typ-
ically support long cable lengths: over 140m for
high definition signals, and over 300m for standard
definition signals. In order to support long cables,
there needs to be a cable equalizer.

Long cables have a low-pass characteristic, where
the attenuation of the input signal is proportional
to the length of the cable, and the square root of
the frequency. Figure 2 shows the frequency Figure 3. Oscilloscope Traces of an HD-SDI Signal After
response of a 100m length of a common (Belden Going Through Coax Cable

1694A) cable used in video installations.

To attempt to match the frequency response of the
cable, the designer carefully places the zeroes in his
M~ or her filter such that the resulting response is a close
N approximation to the Vo response of the cable.

To deal with the fact that both high gain and high
bandwidth are required at the same time, equalizer
\|| circuits are realized in exotic, high-speed processes
SO such as the National’s 0.25 pm BiCMOS SiGe
o — L i o L process. An example of one of these equalizers is

o o " hrequeoncy o " the LMHO0044 cable equalizer. With this part, you
can recover signals at data rates of up to 1.5 Gbps

Figure 2. Belden 1634A Frequency Response through 200m of Belden 1694A cable.

Insertion Loss for 100m Belden 1694A

0.00E+00

Insertion Loss (dB)

Although seeing the attenuation with frequency is
helpful in designing the complementary filter that
you will need to recover the signal, the image that
you really want to see is the eye diagram. This tells
you if there is there an opening big enough to
recover the data. Figure 3 shows the eye
diagrams for a 1.5 Gbps signal (an HD-SDI signal)
after it has gone through various different lengths
of cable. From the standpoint of this article, the
primary result of the skin effect is that as the
frequency increases, a smaller and smaller portion
of the cross section of the cable will be carrying the
signal, so there will be greater signal attenuation at
higher frequencies than at lower frequencies. The
response curve for this loss will be proportional
to the Vo which makes compensation difficult for Figure 4. Equalized Outputs
standard types of filters.

signalpath.national.com/designer i




HDI-SDI Signal Path Solutions

Seridlin 75Q2 Coax Cable RiBptive '

Encode Cable Equalizer

LMH0030 LMH0034
Typical Digital
Router Crosspoint
Topology Switch

CLCo18

HD/SD Reclocker
LMHO0046

75Q Coax Cable

Adaptive Deserialize

s— Y T ———) HD/SD Reclocker C_, i FSHN
Maball| LMHO034 LMH0046 LMH0031

Post Production Equipment

SDI Signal Conditioning

. . Accumulated Jitter
Original HD Signal Closed Eye

at 1.485 Gbps Indistinguishable Edges

200m Coax Cable EQ

Output Source Input EQ

200m Coax Cable i

N Equalizer
p‘ Q) > LMH0044

o)

Serial Video o

o)

200m Coax Cable g o
~) Equalizer
@) »  [MHooaa

For more information, be sure to visit National’s Broadcast Video Owners’s Manual at www.national.com/see/bvom




. Max Speed | Temp Range .
Product ID Function (Mbps) (°C) Eval Board | Comments Packaging
Cable Drivers
LMH0002MA HD/SD Serial cable driver -40 to 85 SDO002EVK Selectable slew rate S0IC-8
LMH0202MT | Dual HD/SD Serial cable driver | 1485 0to 70 spozogevk | Dual differentialinput, | rocqp 46
dual differential output
Adaptive Equalizers
LMHO038MA | HD/SD Adaptive cable equalizer | 143 t0 1485 | 0 to 85 spozazevk | SMPTE 292M/253M S0IC-16
Serial recovery
- . Footprint compatible
LMH0024MA 3.3V SD Adaptive cable equalizer | 143 to 540 -40 to 85 SD024EVK with LMH0034 SOIC-16
. . Equalize up to 200m of
LMHO0044SQ HD/SD Adaptive cable equalizer 1.485 Gbps | 0to 85 SDO44EVK cable at HD (1.485 Gbps) LLP-16
Encoder/Decoders
SMPTE 292M/259M Digital video Integrated cable driver, ]
LMHO0030VS serializer/encoder 270t0 1485 | 0to 70 SD130EVK FIFO, BIST, and TPG TQFP-64
LMHoo3tvs | SMPTE 202M/259M Digital video | 570 4, 4485 | 1970 SDI31EVK | FIFO, BIST, and TPG TQFP-64
serializer/ decoder
Reclockers
Dual differential outputs,
LMH0046MH HD/SD Reclocker 1.485 Gbps | -40to 85 SDO046EVK optional data rate clock; | TSSOP-20
27 MHz reference
Reduced ISI Reduced Jitter
Open Eye Clean Data and Clock
Distinguishable Edges Crisp Edges
Reclocker

&

S

Output EQ/Input Reclocker

Output Reclocker/Cable Driver

LMH0002

Digital

Reclocker
LMH0046

Crosspoint

Switch

CLCo18

SDI Router Topology

Reclocker
LMHO0046

LMH0002

Serial Video
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Broadcast Video Signal Path

Deserializer

Once you have done the hard work of opening the
eye of the signal coming in, you have to make sense
of the bits that are coming at you, and this is the
job of the deserializer. Video images have a very
regular, repetitive format. They are composed of
individual bits which are, at the next highest level
of organization, divided into 10-bit words which
are in turn divided into pixels. A series of pixels
comprises a line, a series of lines makes up a field,
and one or more fields are needed to complete the
video frame. To sort out this organization, the
SMPTE data sends a special sequence known as a
Timing Reference Signal (TRS) at the start and end
of each line. By detecting this TRS, it allows the
receiver to figure out both the word and line align-
ment for the signal. At the end of each line, there
are a couple of extra words inserted which tell the
receiver what the line number is. A CRC is also
included, so that the receiver will know if it has
properly received all of the data in the line. There
are a couple of things that can wreak havoc with
receivers: DC content and long periods of time
with no transitions. Most communications systems
have a way to control this. In the case of the
SMPTE 292 serial standard (HD-SDI) it is done
with a combination of scrambling and encoding
the data.

A good deserializer will extract all of this informa-
tion for you, and present you with what you need.
For this application, it consists of the picture data
and the timing data. A deserializer such as the
LMHO0031 will do this for us, presenting the

picture data on two 10-bit data busses. The timing
data is presented in the form of three digital signals
representing H (start of a horizontal line), V (start
of a vertical interval), and F (start of Frame). If the
raster format is not interlaced, then you can use
just H and V because they are the same.

The serial data is brought into the deserializer
where it is decoded and descrambled. Then it is
analyzed to find the TRSs which allows the deseri-
alizer to know how to break the bits into words.
The TRSs’ are further analyzed to extract the tim-
ing information which is encoded and the data is
scrambled, it decodes and descrambles, then the
framing is determined so that the deserialized data
can be properly word aligned. All of this activity is

generally done in the deserializer.

Sync Separator & PLL

Although the video world has gone mostly digital,
one area where analog is still very common is in the
sync-reference signal, which the studio uses to
synchronize all of their equipment. The most
common reference to use is a video signal which
does not include picture information. This will
consist of a series of pulses indicating the start of
each video line, with a specific pattern that
indicates the end of each field or frame. In this
block of our genlock circuit, a sync separator
circuit extracts H, V, and F (start of a horizontal
line, start of a field, and start of a new frame) from
the reference signal, and a PLL circuit generates
a pixel clock which is synchronous with the
reference signal.

Sync

Reference Phase

Comparator

LMH1981

Pixel
Clock Out

1
Integrator —»m

PLL

Divide
by N

- m o m E o EmoEmEEmomomomomemomomomom ul

Figure 5. Block Diagram of the LMH1981 Sync Separator & PLL Generating the Pixel Clock




For example, the LMH1981 is a high-performance
multi-format sync separator that accepts standard
analog SD or HD video signals with either bi-level
or tri-level sync. It automatically detects the input
video format and applies 50% sync slicing to ensure
accurate sync extraction even if the input has
irregular amplitude, offset, or noise conditions. To
generate the pixel clock, a PLL should be set up to
lock to the Hsync output of the LMH1981 and
generate the desired clock frequency, which is
typically 27 MHz for SD or about 74 MHz for
HD. Something to consider when using a PLL for
clock generation is that the divide ratio can be quite
large and reduce loop bandwidth, which could
make the PLL quite sensitive to jitter on Hsync.
This makes it especially important to select a sync
separator with a very low jitter Hsync output.

Frame Buffer

The frame buffer is simply a block of memory large
enough to hold at least one entire frame of the
image. This buffer needs to be dual port so that the
data coming from the deserializer can be written
into one side of the buffer, while data can be read
from the other side of the buffer to be fed to the
serializer. The buffer is organized in the same way
as the video image, with consecutive pixels forming
complete lines and consecutive lines forming the
complete frame.

Timing Control

The timing control is the heart of the entire genlock
system. The basic function is to control the writing
into the frame buffer and the reading from the frame
buffer. The timing control needs to keep track of
two different timing domains. On the input side it
receives the data, the timing information, and a
clock from the deserializer. This data is written into
the frame buffer, with a series of counters that keep
track of the pixel and line information. This data is
written synchronously with the clock being
recovered from the deserializer. At the same time, the
timing control takes the timing information coming
from the sync separator and the pixel clock. These
are used with a second set of counters to read data
out of the frame buffer. This data is being read
synchronously with the reference sync signal so that
the image which was received by the deserializer is
now being read synchronously with the reference.

The data, along with the pixel clock are fed to the

signalpath.national.com/designer

serializer for output. Although video signals have
very tight timing specifications, there will be some
difference between the input and the output data
rates, which means that eventually the frame buffer
will either empty out, or overflow. The timing
control circuitry has to recognize this situation and
periodically repeat a frame or drop a frame to
maintain the timing difference between input and
output smaller than the size of the frame buffer.

Serializer

Once the data is read out of the frame buffer, it is in
parallel format. Before it can be sent to the next
piece of equipment it needs to be serialized and
formatted to meet the SMPTE 292M HD-SDI
standard. From a digital standpoint, new TRS
characters are generated and inserted, new line num-
bers and CRCs are calculated and inserted, the data
is then scrambled via the SMPTE scrambling algo-
rithm and converted to NRZI format before being
shifted out of a parallel to serial shift register. The
key to doing all of this properly is to use a clock clean
enough to meet the tight video timing specifications
to shift the data out. SMPTE 292M allows no more
than 0.2UI of jitter peak-to-peak on the serialized
output, which means that the clock jitter needs to be
below about 100 ps p-p. Most serializers take a clock
which is at the parallel data rate as their input clock
(for HD this would be approx 74 MHz) and then
multiply it up to the serial rate of 1.5 GHz. Most
good serializers will use a PLL for this multiplication
that will reject some of the jitter in the original
parallel clock. However, for the best performance it
is best to start with the cleanest clock possible. In the
example sync separator/clock generation circuit, you
generated a pixel clock with a VCXO that has very
low jitter so that added to the jitter rejection charac-
teristics of the serializer will lead to a very low jitter
output. Using the LMHO0030 serializer with the
VCXO clock source, you could expect your serial
jitter to be approx 75 ps, well below the 0.2UI limit.

Summary

Using a handful of simple, off-the-shelf
components, you can take a radical input video
signal, which is marching to the beat of a different
drummer, and get it to straighten up, and march
with the rest of our signals. This way, you can
switch from one program to another without
disrupting the image on your screen.

=
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WEBENCH?® Signal Path Designer® Tools

Design, simulate, and optimize amplifier circuits in this FREE online
design and prototyping environment allowing you to:

® Synthesize an anti-alias filter
® Select the best amplifier/ADC combo for your system specs
® Make trade-offs based on SNR, SFDR, supply voltage
® Simulate real-world operating conditions using SPICE
B Receive samples in 24 hours
webench.national.com

WaveVision 4.0 Evaluation Board

Test and evaluate A/D converters with National’s easy-to use
WaveVision 4.0 evaluation board. Each evaluation board comes
complete with USB cable and support software.

Features and benefits:

* Plug-n-play ADC evaluation board
* USB interface to PC

e PC-based data capture

e Easy data capture and evaluation
* Highlighted harmonic and SFDR frequencies
* Easy waveform examination

* Produces and displays FFT plots

* Dynamic performance parameter readout with FFT
* Produces and displays histograms

National Semiconductor 1 - - . I

2900 Semiconductor Drive Don tmlss a Sl”gle Issue:

PO Box 58090

Santa Clara, CA 95052

1800 272 9959

Subscribe now to receive email
alerts when new issues of

SIGNAL paTy |,
Signal Path Designer® are available:

Visit our website at: :
signalpath.national.com signalpath.national.com/designer
For more information,
send email to:
new.feedback@nsc.com

Also, be sure to check out our
Power Designer! View online today at:

power.national.com/designer

National
Semiconductor

The Sight & Sound of Information © National Semiconductor Corporation, 2006. National Semiconductor, &, LMH, LLP. Signal Path Designer, and WEBENCH are registered trademarks of
National Semiconductor. All other brand or product names are trademarks or registered trademarks of their respective holders.

570088-006



Check out these online-exclusive articles:
Ingredients: Miniature storage, embedded
Wi-Fi, more

New chips and components for cooking up

digital-consumer applications.
www.edn.com/article/CA6341326

SID: Displays become more than

dumb panels

With underlying technologies stabilizing,

engineers must turn to system-level

approaches for display improvements.
www.edn.com/article/CA6343832

Small displays present unique problems
The drive to put video, and eventually even
high-definition video, on the small screens
of portable products is creating a techno-
logical opportunity—or nightmare, if you
prefer—of disproportionate size.
www.edn.com/article/CA6343860

Motion video blurs picture for big panels

The recent Society for Information Display
Symposium in San Francisco painted a
mixed picture for the large panels that
dominate in the home-theater and televi-
sion markets.
www.edn.com/article/CA6343858

Tl lifts curtain on 456-nm process

Texas Instruments—always eager to let
customers know early where it is going—
used the forum of the Symposia on VLSI
Technology to give an early look at its 45-
nm process.
www.edn.com/article/CA6342037
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from a higher voltage power supply
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up high-power LEDs
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A simple software lowpass filter suits
embedded-system applications
www.edn.com/article/CA6335310
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EDN editors launch blogs devoted
to power, EDA

PowerSource

Technical Editor Margery Conner tracks

the latest developments in electronic

power design and related technologies.
www.edn.com/powersource

Between The Lines

Senior Editor Mike Santarini offers insights

on digital design and the EDA, ASIC, and

FPGA industries.
www.edn.com/betweenthelines
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BY MAURY WRIGHT, EDITOR IN CHIEF

Triple-play roadblocks:
technology or competence®?

had the pleasure of writing the cover story in this issue on next-gen-

eration broadband technology and how fast broadband links ulti-

mately become the conduit for high-definition video into the

home. The research and writing process was like a trip home, as I've

followed the topic since the early '90s. Although the technology is

fascinating and finally becoming affordable, recent real-life experi-
ences make me wonder whether service providers are sufficiently com-
petent to deliver an error-free triple play.

[ first encountered the term “triple
play”—delivery of voice, data, and
video service over a converged net-
work—around 1992 while doing pub-
lic relations and technical writing for
AT&T Microelectronics, the portion of
AT&T that eventually became Agere
(www.agere.com). AT&T’s Bell Labs
had developed both video-codec I1Cs
that made compressed digital video a
reality and technologies such as DSL
(digital subscriber line) that might
deliver such a stream. In fact, AT&T
coined the term “switched-digital
video” and described a vision close to
those that VDSL2 (very-high-bit-rate-
DSL) deployments realize today.

AT&T intended to deploy video-on-
demand networks within a couple of
years. Obviously, the technologists were
overly optimistic. It would take more
than five years before real DSL and
cable deployments offered broadband-
Internet-data services. And the triple
play has become a reality just in the last
few years.

But do the telecom companies and
cable MSOs (multiple-service opera-
tors) have the competence and disci-
pline to deliver? In North America, the
telecom companies certainly under-
stand how to build an ultrareliable net-
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work, but they are still struggling with
how to compete in an open market and
face suddenly unprofitable legacy net-
works. The MSOs have never really
nailed customer service, and they are
now offering must-work phone service.

I recently had a very trying expe-
rience with Cox Communications
(www.cox.com). [ have had cable-
Internet service from Cox since the late
’90s when the company first rolled out
the network. DSL was not yet available
in my neighborhood, and the cable
service has been remarkably reliable
since the day Cox installed it. But I've
relied on DirecTV (www.directv.com)
for video since 1996 when the compa-
ny beat the MSOs to the punch with
college-football pay-per-view pack-
ages.

Cox has peppered me with digital-
TV offers, including HDTV and DVR.
I finally decided to give the company
a try, mainly because its HD-DVR offer
was far cheaper than the one from
DirecTV and it would offer the San
Diego Padres in HD, as well.

The process went badly from the
start. Cox entered data incorrectly in
the computer, delaying installation.
The company does not allow users to
install the service themselves. When

the technician arrived, his eyes glazed
over when he looked at my video-dis-
tribution panel. [ basically guided him
step by step.

Well, the digital set-top box worked
for about 10 minutes after the tech left.
The tech also failed to remove the fil-
ter on the analog service to allow ana-
log reception of an expanded channel
set, although subscribing to that ex-
panded service was a requirement for
getting the digital service.

I called customer service, which told
me that I had to schedule another
appointment for the following week.
informed the service rep and a super-
visor that Cox should fix the problem
that day or just come pick up the equip-
ment. They never called back or
showed up.

I had been meaning to call Cox, but
it wasn’t an appealing thought, given
the time on the phone that I knew it
would require. Meanwhile, my bill
arrived with nearly $300 in charges for
installation and services.

[ just once again did my “phone-jail
time” with a customer-service rep. She
was nice enough to say that she would
waive the service charges thus far. Of
course, | informed her that I couldn’t
owe for something Cox never deliv-
ered. I've asked the company to
remove the gear, but the rep insists that
Cox must send a tech to verify my story
before taking any action.

[t seems that the triple-play com-
petitors have the same disease afflict-
ing mobile-phone carriers. They are
quite adept at marketing and sales and
nothing else. Here’s hoping DirecTV
stays focused on its core compe-
tence.EDN

Contact me at mgwright@edn.com.

Go to www.edn.com/ed1 and click
on Feedback Loop to post a com-
ment on this article.




It you're doing POL or VRM,
check out our
SL.C, MVR, MLC or SER.

veoveoeoed

SLC7530  SLC7649 SLC1049 MVRT MVRC MLC1200 MLC1500 SER1360 SER1590 SER2000
005-04pH  0.04-01pH  0.08-015uH  025-056pH  0.36-2.3uH 0.36 -4 yH 0.5-45uH 0.33-10 uH 0.3-1pH 0.3-2uH
Upto50A Upto 100 A Upto61A Upto35A Upto36A Upto37A Upto32A Upto48A Upto50A Upto 100 A
6.7 x 7.5 mm 75X 7.6 mm 6.9x10.2mm 9.8 x 11.5mm 9.8 x 1.5 mm 105x 11.2mm  13.2x 13.8 mm 131x 129 mm 16.3 x 15.8 mm 19.6 x 20.1 mm
3 mm high 5 mm high 5 mm high 5.1 mm high 4.7-78 mm high ~ 4.1- 6.1 mm high  3.9-6.5 mm high 5.8 mm high 10.2 mm high 8.6-14 mm high

And get samples PDQ.

Only Coilcraft offers such a broad range of high
current, low DCR power inductors.

They’re perfect for Point of Load and Voltage
Regulator applications. Or any place you need
maximum current handling in minimum space.

Several models are rated up to 100 A rms.
Others have powdered iron cores for maximum
saturation current and minimum thermal aging.

Still others offer 5% DCR tolerance, making
them ideal for current sensing applications.

As always, you can get free evaluation
samples from our web site with just a
click of the mouse. We ship same day!

Check out our full line of POL
and VRM magnetics ASAP. Visit
www.coilcraft.com/POL3




New MUX Eliminates Short-Cycle Glitches
in Glock Switchover Applications

First 1kHz to 1.5GHz non-PLL Multiplexer Family to Prevent "Runt Pulse"

Standard MUX Switchover Micrel RPE* MUX

Produces glitches (Runt Pulses) Runt Pulse Eliminated
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No Runt Pulse!
No Short-Cycle Glitch!

Choose the Ideal MUX for Your Precision, Low Jitter Clock Switchover Application

Any-Input
RPE MUX Description Interface Output Logic  Operating Frequency Total Jitter Price’

SY89840/1/2 | LVPECL/LVDS/CML |  1kHz to 1.5GHz m
SY89843/4/5 | 2:1 MUXw/1:2 Fanout LVPCEL/LVDS/CML m $2.81

Note 1. 1,000 Piece Suggested Resale Price, FOB, USA

4 No Runt Pulse — Guaranteed! -y - | ®
¢ Fail-Safe Input — No Oscillations When Input Fails Enll :RE{L
¢ Internal Termination — No Stubs! Innovation Through Technology™
& Lowest Jitter — MUX Isolation Minimizes Crosstalk www.micrel.com

For more information, contact your local Micrel sales

representative or visit us at: www.micrel.com/ad/sy8984x.

Evaluation Board Requests and Applications Support: * Patent Pending. Runt Pulse Efimination (RPE)

1.408.955.1690 or hbwhelp@micrel.com. © 2005 Micrel, Inc. All rights reserved. Micrel is a registered trademark of Micrel, Inc.
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Simple.
Complete.
USB Data Acquisition.

plug-and-play simplicity of USB for
sensor, electrical, mechanical, and
physical measurements. It delivers fast
and accurate data acquisition in a small,

simple, and affordable system.

e Hi-Speed USB (2.0) for up to 3.2 MS/s

¢ Multiple connectivity options

¢ Hot-swappable modules with

* Simple setup with

¢ Driver for National Instruments

NI CompactDAQ

NI CompactDAQ provides the

signal streaming

for sensors and signals

built-in signal conditioning

hardware autodetection

LabVIEW and text- based
languages included

Take a virtual tour of NI CompactDAQ
at ni.com/compactdaq.
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Announcing the FRAM-Enhanced 8051 MCU

The first microcontroller with integrated nonvolatile FRAM

A Breakthrough Combination

The VRS51L3074 combines a high perfermance
microcontroller with nonvolatile FRAM memory for
the ideal data acquisition solution.

Ramtron integrates FRAM into its fast and flexible
Versa 8051s, simplifying the design cycle:

Say goodbye to limited endurance, drawn out write

cycles and code overhead accompanying Flash data
storage. Use FRAM memory instead, for a quick and
reliable nonvolatile data storage/processing system
that only a FRAM enhanced MCU can provide.

The VRS51L3074 targets a wide array of applications
from sensors and metering to industrial control,
instrumentation and medical devices.
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Find out how Ramtron can raise the standard of your next design by
calling 1-800-943-4625 x 208 or simply email mcuinfo@ramtron.com

High performance MCU: 8K Bytes FRAM:

© 40-MIPS, single-cycle 8051 core * No Delay writes

© 40 MHz precision internal oscillator ¢ Unlimited read/write endurance

* MAC and Div unit for DSP operations e True nonvolatile RAM (no battery required)
* 64KB ISP/IAP Flash, 4KB SRAM * No algorithms or protocols to write data

¢ Robust set of enhanced, highly e Byte-addressable writes
configurable digital peripherals

RAGMTRON

International Corporation

www.ramtron.com

Copyright ©2006 Ramtron International Corporation 1850 Ramtron Drive, Colorado Springs, CO 80921



INNOVATIONS & INNOVATORS

Rugged wireless-sensor
networks suit harsh
Industrial environments

Industrial environments are usually harsh,
with hazards such as strong mechanical
vibrations, high temperatures, noisy

electrical environments, and even
explosive gases. It's difficult and expen-
sive to install wiring in these situations,
which range from oil rigs to refineries. Thus, these
applications are primary targets for ultralow-power
wireless-sensor networks.

Targeting this market, Dust Networks has released
SmartMesh-XT, an enhancement of its mesh-networking
platform. The system offers a rugged design for Class 1
Division 1 environments, including vibration resistance and
an industrial-temperature range of —40 to +85°C. The
company claims that the network, which relies on the com-
pany's TSMP (Time Synchronized Mesh Protocol), achieves
reliability greater than 99% in such electrically noisy environments. TSMPF, a media-
access and networking protocol, operates on standard, off-the-shelf radio chips and
allows every node in the mesh network to act as a router.

This product targets use in applications employing the HART (Highway
Addressable Remote Transducer) Protocol, which the HART Communication
Foundation supports. The protocol, an industrial standard for device communication,
calibration, and maintenance, comprises a 4- to 20-mA analog line and a digital sig-
nal on the analog line. Rob Conant, Dust's co-founder and vice president of market-
ing, says, “Most HART devices today don't enable the digital-calibration data be-
cause you have to superimpose the digital data on the analog line and go through
the distributed-control system. He claims that, by using a separate wireless network
to handle the digital diagnostic and calibration data, HART enables you to handle
data in parallel rather than intermingling with mission-critical control signals. He says
that 25 million HART devices are in use and that most don't enable digital-calibra-
tion data.

The family of products comprises network nodes and managers in both the 900-
MHz and the 2.4-GHz bands. The 900-MHz products include the M1030 “mote, or
node, and the PM1230 embedded-system manager. The 2.4-GHz products, which
use |IEEE 802.15.4 radios, include the M2135 mote and the PM2130 embedded-
system manager. The communication distances for the networks range from 75 to
300m.—by Margery Conner

Dust Networks, www.dustnetworks.com.

The M1030, an em-
bedded node for the
SmartMesh-XT wire-
less-sensor network,
suits harsh industrial
environments.

EDITED BY FRAN GRANVILLE
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Micron jumps
into hybrid NANDs

With hybrid-NAND pioneers Samsung
(www.samsung.com) and M-Systems
(www.m-systems.com) feuding, Micron
Technology is seizing the opportunity to
introduce a hybrid-NAND device targeting
the high-end-cell-phone market. M-Sys-
tems and Samsung offer the MDOC (disk
on chip) and OneNAND, respectively,
which allow designers to boot cell phones
using a NAND-based device. Doing so
eliminates the need for a NOR device and
the extra chip that device involves and
adds the capacity and write-speed advan-
tage of NAND. Micron calls its offering
the Managed NAND. Like MDOC,
Managed NAND pairs a flash die with a
microcontroller on a single MCM (multi-
chip module), allowing the company to
swap out NAND as higher density NAND
becomes available. In contrast, Samsung'’s
monolithic OneNAND device is an SOC
(system on chip).

Bob Leibowitz, Micron's NAND-prod-
uct-marketing director, claims that the
Managed NAND is easier to design into
wireless handsets than are competing
products. He says that, whereas legacy
hybrid devices require a design-in, using
Managed NAND is akin to qualifying a
hard drive for your design because MCM
connects to the MMC (multimedia-card)
port on wireless processors. The Man-
aged NAND devices have data-transfer
rates as high as 52 Mbytes/sec and
come in voltages of 1.8V with 1.8V 170 or
3.3V with 3.3 or 1.8V 1/0 in single-level-
or multilevel-cell technology. The product
is currently available for sampling and
should enter mass production in 2007.

—by Michael Santarini
Micron Technology, www.micron.com.
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C-synthesis tool adds
features, capacity

entor Graphics has
M introduced a higher

capacity version of its
Catapult C ANSI-C+ +-based
synthesis tool that designers
can now use to build a proto-
type of a full DSP-based sub-
system. Mentor in 2004 intro-
duced the first version of its
Catapult C tool to help IC ar-
chitects design DSP-centric
SOC (system-on-chip) blocks
at an algorithmic level. Unlike
other ESL (electronic-system-
level)-design tools that run on
specialized languages, the
Catapult C tool uses ANSI-
C++ as an input and gener-
ates RTL (register-transfer-
level) design for hardware de-

sign, as well as a SystemC
transaction-level model for
simulation.

“The source description is
strictly functional)’ says Shawn
McCloud, Catapult's product-
marketing  manager.  The
source description requires no
hardware detail, he claims.
Instead, the synthesis tool in-
serts the hardware detail. “This
separation of technological in-
tent from functional specifica-
tion is a key driver of the tech-
nology,” says McCloud.

Since its formal introduction
in 2004, Catapult C has seen
the highest adoption rate of
any Mentor tool, he claims,
growing 145% in 2005 over

2004. It has seen its highest
adoption in Japan. That ver-
sion of the tool suited only
block-level synthesis. The new
version of the tool, Catapult SL
(system level) adds support for
hierarchy and other features
that allow architects to use the
tool to design a subsystem
prototype. The company add-
ed a new hierarchical engine
that increases the tool's ca-
pacity and manages complex-
ity. “Like any other tool in this
area, the older version of
Catapult synthesized individ-
ual blocks. Users would then
have to stitch the blocks to-
gether; says McCloud. Cata-
pult SL can now do multilevel
subsystems.

McCloud says that cus-
tomers have used the SL tool
to design 3.5 million-gate sub-
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BAD NEWS FOR
YOU: YOU'RE NOT
ON THE LIST.

systems. However, the compa-
ny believes that the tool can
handle 10 million or more
gates. The algorithm performs
a top-level analysis, propa-
gates all that information to
the lower level blocks, and
then independently optimizes
each block. The tool can reor-
ganize sequential functions to
make them run concurrently. A
new channel-synthesis feature
optimizes the interfaces be-
tween the blocks in the sub-
system. “It automatically does
the analysis of the data rates
between the blocks and then
automatically inserts the ap-
propriate channel size, FIFO
depth, or memory depth to pre-
vent the system from locking
when you pipeline the subsys-
tem” McCloud says. Thus,
channel synthesis coordinates
the communications between
the blocks.

The tool can also automati-
cally implement carry-save-
adder trees in one step and
can generate a SystemC TLM
(transaction-level model) that
you can feed into Mentor's
Questa multilanguage simula-
tor. That tool can generate
VCD  (value-change-dump)
files that you can feed into
third-party power tools and
then return to Catapult SL to
analyze power consumption.

With the introduction of
Catapult SL, Mentor has
changed the naming conven-
tion of its entire Catapult line-
up. The original version of
Catapult C++ is now Cata-
pult BL (block level) and costs
$140,000 for an annual li-
cense. The company also of-
fers the ANSI C++ Catapult
LB (library builder). Catapult
SL costs $350,000 for an an-
nual subscription.

—by Michael Santarini

Mentor Graphics,
www.mentor.com.



3-Ch. Low-Power Video Amp

with I2C Control
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The THS73x3 family of high-performance video amplifiers from Texas Instruments provides
the designer with unprecedented flexibility and control in configuring video systems
without the need for hardware upgrades or modifications. Operating at 20x less power
than competing amplifiers, these products are ideally suited for digital video systems like
those incorporating Tl's DaVinci™ and DLP® technologies.

Filter-3dB #of Bypass Price

# of Freq Filter Bandwidth  Gain Input Output SAG Starts

Device Channels (MHz) (typ) Poles (MHz) (typ) (dB) Coupling Coupling Output at1K
AC-Bias,

THS7303 3 9,16,35 = 5 190 6 AC-STC, | ACorDC | Yes | $1.65
DC, DC+Shift
AC-Bias,

THS7313 3 8 5 - 6 AC-STC, | ACorDC | Yes | $1.20
DC, DC+Shift
AC-Bias,

THs73s3 3 91635 5 | 150 | O | AcSic ACorDC | No | $165
Adjustable DC. DCAShift

Evaluation Modules and 'f"'
Technical Information

» Applications
— Set-top boxes
— Digital televisions

— Personal video/DVD
recorders

— Portable USB
devices

» Features

— 2.7V to 5V single-supply
operation

— Low power consumption:
55mW at 3.3V

—2:1 Input MUX allows
multiple input sources

- 12C Control of all functions

— Integrated low-pass filters
with 5th-order Butterworth
characteristics

— Selectable input coupling
modes

— Rail-to-rail outputs allow a
variety of AC- or DC-coupled
modes

- Individual channel disable
with independent channel
mute control

For Samples,

www.ti.com/ths7303 o 800.477.8924, ext. 13277

Technology for Innovators™ {{,3 TEXAS INSTRUMENTS

DaVinci, DLP, Technology for Innovators and the red/black banner are trademarks of Texas Instruments. 1566A0
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Software optimizes
networked-instrument usage

=== denTree Technologies
=== has announced Lab
b Manager 5.0, a re-engi-
neered version of its award-
winning network-lab-automa-
tion software. The Lab Man-
ager open-lab operating sys-
tem works with any kind of
network equipment, managing
the physical-layer infrastruc-
ture to which test equipment
and devices under test con-
nect. The result is a software-
controlled lab environment
with a drag-and-drop user in-
terface that allows engineers
to easily and remotely design
and implement topologies. The
software schedules topolo-
gies, configurations, and test
scripts; searches for available
devices; and reports on device

usage. Because it supports a
wide range of switches, Lab
Manager works in any lab with
any devices and any interface
types, including POTS (plain-
old telephone service)/analog,
any rate of Ethernet, optical,
Fibre Channel, and RF/coaxi-
al interfaces.

A key reason that labs use
the package is to share ex-
pensive test equipment among
multiple users and multiple
test beds. The queue-based
scheduler enhances this capa-
bility by queuing tests to run as
soon as equipment becomes
available. Administrators can
adjust the priorities or insert
higher priority projects into the
queue. Another new feature is
integration with power con-

Toshiba spins 200-Gbyte,
2.5-in. hard-disk drive

As digital video continues to
expand in scope and volume,
consumers continue to pile up
large data files that—like those
dust-gathering  VHS  cas-
settes—they are unwilling to
delete. Without a viable backup
medium for such data volumes,
the demand for hard-disk-
drive-storage capacity contin-
ues to climb for any category of
device that is likely to have
video on it. Consequently,
portable media players and
notebook computers are be-
ginning to drive the areal-den-
sity curve in the hard-drive
market.

The move started with the
Apple (www.apple.com) Video
iPod and similar devices. Phys-
ical constraints dictated a 1- or
1.8-in,, low-profile hard-disk
drive, but storage demands
quickly exceeded the capabili-
ties of conventional lateral
recording. The drive industry's
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next big idea, PMR (perpendi-
cular magnetic recording), be-
gan to first appear in tiny
drives. For example, Toshiba’s
storage-device division intro-
duced PMR to its product line
in a 1.8-in. drive for media
players. The advantage of
PMR is its ability to record with
the magnetic lines of flux en-
tering the medium vertically
rather than laterally across its
surface, providing the same
volume of magnetic dipoles in
a smaller surface area. Hence,
the technology provides higher
potential areal density for the
same SNR. Manufacturers still
need to address increasing the
recording-signal frequency or
slowing the platter to get more
bits per millimeter along the
track, and moving the tracks
closer together.

To get the magnetic-flux
lines vertical, Toshiba designed
a tunnel-magnetoresistive re-

trollers, allowing test engi-
neers to control power cycling
and system rebooting directly
from the GUI. In addition, test
engineers can write scripts to
control test topologies. Flex-
ible user- and group-level-ac-
cess permissions allow cus-
tomers and partners to partic-

el

SCHEDULING

TRIGGERED [l

ipate in testing and enable the
lab to control its test beds.
Users typically implement
Lab Manager 5.0 with their
switching infrastructure; list
price is $100 per managed
port—by Dan Strassberg
EdenTree Technologies,
www.edentreetech.com.

==

SCRIPTS

-
TEST-CASE NOTIFICATIONS
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TOPOLOGIES
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APPLICATION
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TERMINAL LAB MANAGER POWER
SERVERS CONTROLLERS
‘ DEVICES

UNDER TEST
PHYSICAL-LAYER-SWITCHING
INFRASTRUCTURE
(THIRD-PARTY SWITCHES)

Lab Manager 5.0 coordinates, automates, and simplifies the
scheduling of virtually any type of networked lab resources.

cording head. Combining all
these  technologies—PMR,
greater bit frequency and track
density, and the new head
technology—the company re-
cently announced a 200-
Gbyte, dual-platter, 2.5-in. drive.
The drive targets high-end
notebook applications for seri-
ous gamers, video junkies, and
packrats. Samples are in quali-
fication at high-end-notebook
vendors, and Toshiba expects
to begin production shipment
in August.

This move will not be a one-
shot technological leap, ac-

@

cording to the company. Theo-
retically, the limit on achievable
areal density for PMR is ap-
proximately 1 Thit/in.2, com-
pared with the roughly 180
Gbits/in? on the new drive.
Toshiba expects for some time
to continue driving media, head
design, signal paths, and posi-
tioners. So, although terabit
density is not imminent, To-
shiba could drive the current
technology platform to pro-
duce 500 Gbytes or more in
the 2.5-in. form factor.
—by Ron Wilson
Toshiba, www.toshiba.com.

Robert Grossman, Senior Editor, and John Conway, Associate

Editor, EDN, June 5, 1976
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World’s Lowest Power MICU

It's easy to rev up your application in minutes with the new eZ430-F2013, the world’s smallest
complete development tool for only $20! The tool provides all hardware and software needed to evaluate the MSP430
or complete an entire F20xx project. The F20xx combines 16 MIPS performance, less than 1 microamp standby current,
with your choice of analog converters - from a comparator, fast 10-bit ADC to 16-bit sigma-delta with integrated
PGA- all in a package as tiny as 4x4 mm. Designing with the world’s lowest power MCU just got even easier.

New Low Pin-Count Devices

Device Program  SRAM SPI, 12C Analog Price 1K USD
MSP430F2001 1 KB 128 B — Comparator $0.55
MSP430F2011 2 KB 128 B — Comparator $0.70
MSP430F2002 1 KB 128 B v 10-bit ADC $0.99
MSP430F2012 2 KB 128 B v 10-bit ADC $1.15
MSP430F2003 1 KB 128 B v 16-bit ADC $1.50
MSP430F2013 2 KB 128 B v 16-bit ADC $1.65

OrderToday! www.ti.com/ez430 - 800.477.8924, ext. 1313

Technology for Innovators™ Wi TEXAS INSTRUMENTS
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Pat Gelsinger

Whither Intel?

at Gelsinger, senior vice president and general man-
ager of Intel's Digital Enterprise Group, recently talked
about Intel's future directions, how the company will
build on its core competencies, and new processors
and who will benefit from them. Excerpts of that interview fol-
low, and you can find the full interview at www.reed-electronics.
com/electronicnews/article/CA6329160.

Is innovation leveling off,
or is it increasing?

In some ways, you're

seeing clear trends to-
ward less innovation at the chip
level because of the cost. What
does a 65-nm chip cost? That's
why we've seen the number of
ASICs declining. At the same
time, you're seeing things like
FPGAs growing. You take all
that together, and there are
fewer silicon designs than
there were in the past. As we
make these architectural tran-
sitions to a quad- or eight-core
and multicore architectures,
we're seeing an acceleration of
innovation. | think we were in a
period that was boring for a
number of years. | see them
getting exciting in the future.

It also looks as if other
pieces have come a long
way, too, so that the inte-
gration of all of these tech-
nologies can make a much
more innovative device.

I'd agree with that

Innovation is a nonlin-
ear activity. It's not as if
Moore’s Law is just plunking
along and innovation is moving
with it. You get to points in
which dislocations happen.
When Windows happened, it
wasn't just as if one day you
couldn't do it and then the next
day you could. All of a sudden,
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you had enough excess ca-
pacity to change the paradigm
of the user interface. We have
reached a period in which
there's enough excess capac-
ity that you're seeing that next
step of innovation. General
connectivity is in place across
abroad wireless system. There
are thin and light form factors.
You can start putting a lot of
functions into small form fac-
tors, and enough computing
capacity is left over for your
application to become inter-
esting. | do see a cross with
high-density memory’s chang-
ing the memory hierarchy. On
the horizon, there are major
changes in what we consider a
computing device.

Something else seems to
have changed here, as
well. Intel used to be far
more independent. It now
seems to be more reliant
on a ring of partnerships.
In many ways, | see that
as a skill we've devel-
oped. We couldn't do USB. We
had to use third-party silicon,
we had to facilitate plugfests,
and we had to enable the us-
age-model branding in the in-
dustry. We did it with PCI, and
we did it with AGPs [accelerat-
ed graphics ports]. It's not a
new skill, but the scope and the
breadth have changed, be-

cause now we're trying to facil-
itate an entire service relation-
ship through broader ecosys-
tem players across global envi-
ronments. Wi-Fi was a baby
step for some of the things
we're trying to do now.

Has Intel’s core competen-
cy changed?

Some elements of our

core competency are
unending: underlying process
technology; the ability to man-
ufacture in high volume; and
sophisticated, high-volume de-
sign. That's what we do. Some
of these other competencies—
we now have thousands of
software engineers engaging
with service providers, being
able to facilitate end-user
models—these are things we
layer on top of those core com-
petencies. It's pretty far from
where we were a decade ago.

Intel is experimenting in a
lot of other areas, such as
life sciences, too. Where is
Intel going with that?

Our health-care activi-

ties fall into three areas.
One is IT in institutional health
care. How do you accelerate
adoption of that? My PC is a
lousy form factor when you
think of doctors and nurses
trying to handle their activities.
That's traditional IT in institu-
tional health care. IT penetra-
tion in health care around the

world is the lowest of any of
the major verticals. That is a
frightening statement. The
second area is personal health
care. We have mainframe
health care, called hospitals.
Now we need the PC version,
or personal health care, with
connection into the home en-
vironment and into self-care.

What’s the third area?
The things we build at
the transistor level are

now smaller than all of the
components that are the basis
of life—proteins, genes, DNA.
We can start analyzing at the
single-DNA level. This is the
deep biological science. We
have the world's greatest
chemists and physicists and
the finest analytical tools on
the planet. We added a few bi-
ologists, and we're getting
great results. We can do a sin-
gle-DNA analysis or a single-
protein analysis. We can de-
tect protein deviations that no
one has analyzed before.

But each core is still a
processor that deals with
ad hoc queries. Haven’t
those always been a night-
mare for multiprocessing
systems?

Yes, and, as a result,

we're spending a lot of
time looking at workloads, so
we can take advantage of
those. If everything's a single
stream of execution leading to
another single stream leading
to another, you don't gain a lot
of parallelism. Those types of
applications are not going to
see enormous leaps in capabil-
ity. At the same time, most of
those applications don't need a
whole lot of performance. New
applications, such as recogni-
tion and human interface, min-
ing, and synthesis, have enor-
mous potential for parallelism.
—by Ed Sperling, Editor in
Chief, Electronic News



16-bit touch controller for the best user experience.
In data conversion, analog is everywhere.
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Improved sensitivity and environmental

16-hit 3-A CDC ...
calibration—made possible by X-A conversion

¢ <1 femtofarad resolution

e Full power mode: <1 mA For products with increasing feature convergence, finger-driven
e Low power mode: 50 pA navigation enhances the user experience—for designers as well
e Shutdown current: <2 pA as consumers. The AD7142 capacitance-to-digital converter (CDC)
e Supply voltage: 2.6 Vto 3.6 V with on-chip environmental compensation delivers unmatched
» Automatic environmental calibration touch control performance. It offers:
 Automatic adaptive sensitivity
o SPI® or I2G® interface * Reliable performance over supply and temperature
e 32-lead 5 mm X 5 mm LFCSP ¢ Programmable functionality and touch sensitivity
* Price: $1.65 (1k quantities) * 50% lower power than competitive solutions

* Development tools, such as reference designs and
... enabling multiple applications host software, that reduce time to market

e Consumer electronics
 Medical instrumentation
* Automotive applications
* Industrial equipment

¢ PC peripherals

ADI also offers CDC solutions for measuring proximity, position,
level, pressure, and humidity.

New online seminar:
View the “Innovative Human Interface Design Techniques Using
CDCs” seminar at www.analog.com/onlineseminar-CDC.

AD7142

CALIBRATION SPI/I’C
ENGINE INTERFACE

14 INPUT CHANNELS

With 14 inputs, the AD7142 can be programmed for a variety of navigation
functions including buttons, sliders, scroll wheels, and joypads.

. . - ANALOG
SR A www.analog.com/touchcontrol DEVICES
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The FHP3x50 family targets HD video.

@®GLOBAL DESIGNER

Video op amps exceed HD needs

The most recent incarnation of
power-semiconductor supplier
Fairchild Semiconductor brands
itself the “power franchise’
Now, discrete supplier Fairchild
is re-entering the high-per-
formance-op-amp arena with
the FHP3xb0 voltage-feed-
back-amplifier family for use
in HD (high-definition) video
products, such as set-top box-
es. These amplifiers for video-
signal chains address a market
in which the company provides
components such as video-fil-
ter drivers. Fairchild bases
these parts on the new low-ca-
pacitance, complementary-bi-
polar-silicon-on-insulator BCP-
6T process. Company officials
claim that the process enables
the amplifiers to deliver higher
bandwidth, more output cur-
rent, and better dc performance
than competing products.

The FHP3x50's full-power
bandwidth is 210 MHz at —3
dB, and the chips have a
1100V/psec slew rate and
0.07%/0.03° differential gain
and phase error. Gain flatness
of 0.1 dB extends to 50 MHz,
and Fairchild officials say that
pulse response is good with
fast slewing edges and mini-
mal preshoot, undershoot, or
overshoot. Input-bias current
is 0.0b mA, and the devices
use 3.6 mA. Output-drive ca-
pability is =55 mA. The chips
are available in triple and quad
packages.

For standard-definition sys-
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tems, the fast rail-to-rail ampli-
fiers of the FHP3x30 family
come as singles, duals, and
quads and offer unity-gain
bandwidth of 170 MHz, driving
*£100-mA outputs.

Fairchild also claims com-
petitive advantages in gain/
phase error, gain flatness, and
pulse response over other de-
vices of the same class. These
devices suit use in video-signal
chains and also work as gen-
eral-purpose amplifiers. Prices
range from 49 to 86 cents
(1000).

—by Graham Prophet,

EDN Europe

~Fairchild Semiconductor,
www.fairchildsemi.com.

LEDs take over in “mood” lighting
Using tricolor arrays of LEDs, architects and lighting designers
can fine-tune intensity, color, and pattern to achieve “mood”
lighting and other effects. Designers need to ensure that they
apply the correct drive to the LEDs, and they need to program
the desired patterns into LED arrays.

For both groups of designers, distribution company EBV
has developed a reference design and demonstration board
that mounts a 5X5-unit array of tricolor LEDs on a pc board
that acts as a “tile;” allowing designers to build an effects-
lighting panel of any size. The pc board measures 76 X76 mm
and is populated with 256 Osram (www.osram-os.com) RGB
LEDs. To individually drive each diode for full control of ef-
fects requires 76 PWM channels, which EBV has implement-
ed in an Altera (www.altera.com) MAX Il EPM 1270 CPLD.
The MAX Il chip suits this application, because each of its 1/0
pins can sink as much as 25 mA and can, therefore, directly
drive the LEDs.

The logic on the CPLD implements the PWM channels, han-
dles the communications, and decodes the incoming data into
control signals for each LED. For demonstration purposes, the
board integrates an RGB color generator to show a rainbow ef-
fect running over the array. Two RS-485 channels and one RS-
232 input channel allow you to feed external patterns to the pc
board. EBV can also provide a graphics-effects-controller
board that its partner company, ecue (www.ecue.tv), designed,
along with software to create lighting effects and patterns of
the designer's choice. The DBMAXLED board comes as a kit
for €260 (approximately $315).

—by Graham Prophet, EDN Europe
~EBV Elektronik, www.ebv.com.

I°’C bus now runs at 1 MHz

Chip designers use the two-wire, serial I2C bus for a range of interchip communications.

Philips, which originated the bus more than 20 years ago, has now announced Fm+ (fast-
mode-plus) devices that take the performance of the I12C bus up to 1 MHz Previous incre-
ments in the speed of the bus include the 400-kHz standard and fast modes. Devices that
exploit the performance that Fm+ offers include LED controllers and chips dedicated to
stand-alone-bus-driving functions.

The four-color PCA9633 LED driver and controller for color-mixing applications fea-
tures four controllers for the LED outputs and a fifth to simultaneously dim or blink all the
LEDs. The chip has 4-bit level control and responds to four addresses, increasing the flex-
ibility that programmers can use when creating lighting effects. Users can operate as
many as 126 devices on the same bus without bus extenders.

Two other devices perform 40-bit I/0 expansion. With the PCA9698, you can support
as many as 64 nodes on the same bus. Features include 40 1/0 pins with configurable
outputs; output states that you can switch using acknowledge or stop commands; non-in-
terrupt-generating, maskable interrupts; a hardware-output enable; and an SMBusAlert
function. The parallel~to-I2C PCA9665 controller drives buses having as much as 4-nF ca-
pacitance. You can use a standard microcontroller as an Fm+ bus master, and the device
includes a 68-byte buffer to simplify programming.—by Graham Prophet, EDN Europe

Philips, www.philips.com.
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A series of engineering insights
by Analog Devices.

Data and Power Isolation in One Package
Provides Total Isolation Solution

A common challenge in designing systems that require galvanic
isolation is finding a cost-effective, space-efficient way to isolate
both power and data. While many commercially available
solutions exist for isolating data, isolating power often requires the
unsatisfactory choice between designing a custom, isolated supply
or using costly discrete isolated dc-to-dc converters.
This challenge arises because traditional isolators, such as
optocouplers, can isolate data but cannot generate power,
whereas transformers can isolate power but are neither space
nor cost-effective for isolating most data channels.

Custom isolated supplies can be cost-effective at high volumes,
and they can deliver just the right level of performance for the
given application. However, they require both design expertise
and separate safety approvals, which add development
time and cost. The second option, discrete isolated dc-to-dc
converters reduce development time and consume less space;
however, they are often more than twice the cost of custom
supplies, and they have limited isolation ratings.

Analog Devices iCoupler® products with isoPower™ technology
offer a new approach that greatly reduces size and cost
without compromising on data rate and isolation rating. It starts
with iCoupler digital isolators that employ chip scale
microtransformers in contrast to LEDs and photodiodes used in
optocouplers. Compared to optocouplers, iCoupler products
consume less power, achieve higher data rates and provide more
precise timing; yet still provide isolation ratings of up to 5 kV.
With the introduction of iCoupler technology more than five
years ago, safe, reliable data transfer has been provided by over
50 million channels of digital isolation.

The same transformers in these devices can be used to make
an isolated dc-to-dc converter, creating a total isolation solution
in one surface-mount package. Using Analog Devices’ isoPower
technology, a new family of devices integrates 50 mW of
isolated power and two 10 Mbps data channels with 2.5 kV
isolation, providing a total solution in one package.

Analog Devices’ ADuM524x products provide galvanic isolation by
transmitting data across an isolated transformer, using
integrated CMOS electronics for signal conditioning. The same
chip scale transformers are used to generate isolated
power, but the CMOS electronics drive the primary side,
and then rectify and regulate the supply on the isolated
secondary side. The resulting internal dc-to-dc converter supplies

power to the isolated side of the ADuM524x and makes available
up to 10 mA of current at 5 V for use in a variety of applications.

The figure below compares SPI buses that are isolated
by optocouplers and a discrete dc-to-dc converter with
Analog Devices’ solution that uses one ADuM5240 dual-channel
iCoupler with isoPower and one ADuM1201 dual-channel iCoupler.
The Analog Devices’ solution reduces solution size and cost by
more than 50%.

ISOLATED SPI: OPTO AND POWER SUPPLY vs.
iCOUPLER WITH isoPOWER

ISOLATED
DC/DC
CONVERTER

ADuM5240

ADuM1201

84888
18888

84888

- s

ANALOG DEVICES’
SOLUTION

OTHER SOLUTIONS

Analog Devices’ solution reduces size and cost by over 50%.

The ADuM524x iCoupler products with isoPower technology,
available in 8-lead SOIC packages and priced at $2.95 per
unit in 1k quantity, provide a simple, low cost, space-saving
isolation solution. In addition, Analog Devices offers a wide
range of 2.5 kV standard isolators, and the ADuM240x family
of 5 kV quad-channel isolators, plus a range of application
focused devices, for example, the ADuM1230 isolated gate
driver. For datasheets, free samples, and more information,
visit www.analog.com/iCoupler-tech. 3

Author Profile: David Krakauer is marketing manager for
Analog Devices’ iCoupler product line.
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BAKER'S BEST W

BY BONNIE BAKER

When is good enough

good enough?

f you are having difficulty making product-selection decisions in a
consumer circuit, such as the temperature-sensor circuit in Figure
1, you can quickly solve this problem by choosing the absolute best
performing parts for each socket. Is this statement true or false?
Using this type of logic may give you a confident feeling that your
circuit will work correctly the first time. However, following such logic
goes only so far when you try to justify the cost-versus-performance fac-

tors of the products you are using.

In Figure 1, note that a 12-bit con-
verter is at the end of the signal chain.
So, are the highest performance analog
products in front of the ADC appro-
priate? How do you determine which
products are good enough for your sys-
tem? Avoiding production-floor notifi-
cations or field failures may be your def-
inition of “good enough.”

Instead of choosing the best products,
you can use the RSS (root-sum-square)
algebraic approach. One criterion is to
keep the signal within the dynamic range
of the full-scale range of the ADC. The

MV

product characteristics that influence the
extent of the dynamic range are the sys-
tem’s cumulative offset and gain errors.
As an example, assume that the max-
imum offset error of IC, and IC, is 0.5
mV. The offset error of the ADC is *1
LSBor +1.22 mV. (The full-scale range
of the ADC is 5V.) The gain error of
both the sensor cell and the IC, ampli-
fier configuration depends on the
+1% maximum resistor tolerances as
well as on a maximum sensor-resistor
tolerance of *+2%. The ADC’s con-
tributed gain error is 0.098% or equals

LOWPASS FILTER
VWA

GAIN=10V/V.

SENSOR CELL

GAIN=1V/V.

Vpo/2

Figure 1 In this typical 12-bit temperature-sensing circuit for consumer applica-
tions, the gain of IC, is 10V/V, and the gain of IC, is 1V/V.
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4.9 mV maximum at full scale.

To determine the dynamic-range lim-
itations of the circuit, if you combine
all of these terms, you would calculate
the combined RSS value of offset and
gain, bringing these errors to the ADC’s
input. With the RSS formula, you take
the square root of the sum of the squares
of several terms that are statistically
independent. You cannot use an RSS
formula with entities that have corre-
lated variations that are not statistically
independent.

For instance, the worst-case sensor-
resistive offset error would be £94 mV X
10V/V. The contribution of the amp-
lifier-gain stage, IC,, is =500 pVX10,
the filter-stage (IC,) offset error is =500
rV, and the ADC (IC,) offset error is
+1.22 mV. The cumulative possible off-
set error at the ADC’s input is /(sen-
sor’+1C 2+1C2+1C;*) =940 mV. This
calculation illustrates that the sensor cell
contributes the most error with little
impact from the amplifiers or the ADC.
Using the same logic, you would use the
RSS formula to determine gain-error
contribution that limits the dynamic
range from the four stages in this circuit.

So, during your first consumer-prod-
uct-selection attempt, you can use RSS
calculations. These calculations can
assist you in making logical and eco-
nomical product decisions. Once you
take this first step, make sure you use
the same evaluation technique in your
manufacturing process to quantify the
effects of the processes—such as solder
reflow—that you impose on these de-
vices and the end-of-life effects due to
environmental exposures.EDN
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Device spacing on RS-485 buses

By Kevin Gingerich - High-Performance Linear/Interface

Introduction

The RS-485 bus is a distributed parameter circuit whose
electrical characteristics and responses are primarily
defined by the distributed inductance and capacitance*
along the physical media. The media is defined here as
the interconnecting cable(s) or conducting paths, connectors,
terminators, and RS-485 devices added along the bus.
The following analysis derives a guideline for the amount of
capacitance and its spacing that can be added to the bus.

For a starting approximation, the characteristic
transmission line impedance at any cut point in the
unloaded RS-485 bus is defined by the following
equation, where L is the inductance per unit length
and C is the capacitance per unit length.

7~ |k
C
As capacitance is added to the bus in the form of devices
and their interconnections, the bus impedance is lowered
to Z', causing an impedance mismatch between the
media and the loaded section of the bus.

As the input signal wave arrives at this mismatch in
impedance, an attenuation (or amplification) of the signal
will occur. The signal voltage at an impedance mismatch
is V1=V o+ Vyq + VRq, wWhere V| g is the initial voltage,
Vj1 is the input signal voltage, and VR1 is the reflected
voltage. The voltage reflected back from the mismatch

is VR1 = p X V1, where
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and is the coefficient of reflection commonly used in
transmission line analysis. The voltage equation can now
be written as V| 1 = V| o + Vj1 + p X V1.

With fast transfer rates and electrically long** media, it
becomes essential to achieve a valid input voltage level
on the first signal transition from an output driver anywhere

* All capacitances are differential in this article. The differential is approximately one-half of the
single-ended capacitance t )
** “Electrically long” is defined here as ¢ > %

where t is the one-way time delay across the bus and t1(.gge, is the 10% to 90% transition time
of the fastest driver output signal.
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on the bus. This is called incident-wave switching. If inci-
dent-wave conditions are not achieved, reflected-wave
switching must be used. To achieve a valid logic voltage
level, reflected-wave switching depends upon reflected
energy occurring some time after the first transition arrives.

Assuming that the bus is terminated at both ends with the
nominal media impedance and no fail-safe offset, an RS-485
driver will create a high-to-low voltage change from at
least 1.5 Vto 1.5V, or a Vjq of -3 V. The signal voltage at
the load, V| 1, should go below the minimum receiver
input voltage threshold of -0.2 V.

-02>15+(=3)+pp x(-3)

oL > —0.2—;.5+3 043

Now we can solve for Z":

= ; ; ig >-0.43
7' =7 >-0.43(Z" +Z)
Z'(1+0.43) > Zy(1-0.43)
7' >0.47,

PL

If the loaded bus impedance is no less than 0.4Z, the
minimum threshold level should be achieved on the
incident wave under all allowed cases.

What bus configuration rules should be used to keep the
loaded bus impedance above 0.4Zy?




In the derivation of the minimum loaded-bus impedance,
we treat the addition of devices and their capacitances in
a distributed model. As such, the loaded-bus impedance
can be approximated by

Z' = L
C+C

where C' is the added capacitance per unit length.
If we knew the distributed inductance and capacitance
of the media, we could calculate Z' directly.

Unfortunately, manufacturers do not commonly specify
these; but they generally do specify the characteristic
impedance, Zg, and the capacitance per unit length, C.
With these and the relationship

Z0= -

we can solve for L, as L = ZOZC. Then we can substitute
into the equation for Z' and simplify:

2
" | z2C =Z0/ C
C+C’ C+C’

C' is the distributed device capacitance (C| ) divided by
the distance (d) between devices:

_G
"7

Substituting this into the equation, we can solve for d:

C/

7 =7,

Now substituting our minimum Z' of 0.4Z) gives us d in
meters (if C is pF/m) or feet (if C is pF/ft):

Cp,
” 5.25C

We now have a relationship for the minimum device
spacing as a function of the distributed media

and lumped-load capacitance. Figure 1 shows

this relationship graphically.
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Figure 1: TPS79918 Internal Block Diagram

Load capacitance includes contributions from the RS-485
line circuit bus pins, connector contacts, printed-circuit-board
traces, protection devices, and any other physical
connections as long as the distance from the bus to the
transceiver is electrically short. RS-485 5-V transceivers,
such as the SN65HVD1176, have a capacitance of 7 pF.
Transceivers with a 3-V supply, such as the SN65HVD11,
have about twice the capacitance that 5-V transceivers
have at 16 pF. Board traces add about 0.5 to 0.8 pF/cm
depending upon their construction. Connector and
suppression device capacitance can vary widely.
Media-distributed capacitance ranges from 40 pF/m

for low-capacitance, unshielded, twisted-pair cable to

70 pF/m for backplanes.

This derivation gives guidelines for spacing of RS-485
nodes along a bus segment based upon the lumped-load
capacitance. The method is equally applicable to other
multipoint or multidrop buses, such as CAN, RS-422, or
M-LVDS, with appropriate adaptation of the

parameter values.

References:
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interface.ti.com
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For expanded analysis and addi-
tional internal pictures of the

MP3-818, visit www.edn.com/
060706pry.
MP3 di bly:
isassembly:
tech for thrifty tune-toters
fter I bought a laser-printer-toner cartridge, a “free-
with-$75-purchase” coupon also brought an OD-
128MP3, also known as the MP3-818, portable digi-
tal-audio player to my door. The price was music to The monochrome LCD is physically distinct
my ears, especially considering that Office Depot from its bright-blue companion backlight; the
normally lists the player for $69.99. The features aren’t too shab- two devices press together in the assembled
by either: MP3- and WMA (Windows Media Audio)-codec sup- MP3-818. The system design is both highly
port, an LCD (take that, iPod Shuffle!), and even voice-record- integrated and rugged; it survived my disas-
ing capability. What's inside the 1.75X3X0.75-in. silver case? sembly-and-reassembly sequence with
aplomb.
Considering the “made-in-China" moniker on the MP3-818's
packaging, | strongly suspected I'd find homegrown silicon
inside. | was right: A 24-bit Actions Semiconductor ATJ2051,
clocked at 72 MIPS and based on a Z80 core, runs the show. An AAA-battery bracket domi-
Other members of the ATJ20xx family support multichannel nates one side of the pc board;
recording, hardware-accelerated real-time MP3 encoding, the microphone is in the bottom
and enhanced system connectivity. right corner.

A 1-Gbit Hynix flash
memory is the sole
stand-alone memory
chip. | presume it
holds both the audio
files and the firmware
image, because the
ATJ2051 supports
booting from NAND
flash memory.

The MP3-818 presents ;
itself as a USB-memory A ol ¥ 2 LS i »{:xy_\u
device to a connected = b( ){
PC, enabling you also to .
store general-purpose files
on it. This configuration
decision, however, doesn't

enable the MP3-818 to | 3 . \ 2% LC:;E: 0
support digital-rights-man- . W\ csaL]

aged WMA files.
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ls chip design

DIFFERENT
after 90 nm?

DESIGN TEAMS FIND THAT SUCCESS REQUIRES SOME FUNDA.-
MENTAL CHANGES IN THINKING AND IN TEAM STRUCTURE IN
THE 90- AND 65-NM PROCESSES.

t every new process node, IC design becomes more

difficult. But, as design teams contemplate the move

to 90- and then 65-nm-process nodes, many are ask-

ing whether the increased difficulty is still just a mat-

ter of degree or whether something fundamental is
changing. Does a successful 90-nm-design team differ in some
way from a successful 130-nm-design team? If so, is the change a
one-time thing, or are the differences even greater at 65 nm? The
only way to find out is to talk to successful design teams.

Big differences exist in the degree of
complexity between the 90- and 65-nm
processes, especially for teams performing
cell-based design. A top-level diagram of
the 90-nm flow that fabless-ASIC ven-
dor Open-Silicon uses shows new
branches (Figure 1). Jay Jayaprakash,
ASIC-design manager at Open-Silicon,
groups the new challenges at the 90-nm-
process node into power, signal integrity,
DEM (design for manufacturability), and
design for test. In the power and signal-
integrity areas, increased complexity for
the design team is arguably a matter of
degree. Power management is more crit-
ical at the 90-nm node, and it requires the
concerted effort of cell designers, tool
designers, logic designers, and architects.
But this situation does not fundamental-
ly differ from the situation at the 130-nm
node. Higher leakage currents at the
smaller node exacerbate the problem.
Similarly, signal-integrity analysis is
more demanding; teams must use the
available tools and pay heed to their
results.

In addition, Jayaprakash says, HSpice
engineers are becoming more central to
the digital-design flow at the 90-nm
node. Teams must use Spice for their
clock nets—something many have been
doing for several generations—and this
sort of detailed analysis is also becoming
important on critical signal paths. In the
signal-path area, you see the first glimmer
of the need for new skills involving dig-
ital-timing analysis. “STA [static-timing
analysis] is ballooning out of control on
us,” Jayaprakash says. “There are different
process corners for different operating
modes, and there are different corners for
the parasitic-extraction tools that are
providing the base data for your STA. By
the time you account for all the corners,
you are doing 50 or 60 runs, and then
what do you do with all the data?’

As STA becomes more complex, some
designers are looking at IBM’s SSTA (sta-
tistical-STA) tool. Instead of running a
single STA at each combination of the
process and extraction corners, SSTA
attempts to express each delay as a prob-
ability distribution and then to compose
these distributions as they move through
the nets to produce outputs that are

JULY 6, 2006 | EDN 37



AT A GLANCE
Guardbanding at 90 nm results
in chips that are too big or too slow.

DFM (design-for-manufacturabili-
ty) tools still cannot accurately pre-
dict circuit performance or yield.

The choice of which rules and
guidelines to obey comes down
to a judgment call that requires
physical-design people to be
process-knowledgeable.

The need for process knowledge
is spreading upward to architecture.

themselves statistical distributions. It
appears to have many more skeptics than
fans among design teams. Part of the skep-
ticism comes from the huge amount of
process-related data that is necessary to

produce accurate delay distributions in
the first place. SSTA may be practical
only in an integrated-device manufac-
turer or a fab-owning ASIC company
simply because the tool must work so
closely with the process models. But
another issue looms even larger in the
minds of many designers: What do you do
with the output? What does it mean to
learn that the timing slack on a net is sta-
tistically distributed around —12 psec
with a sigma of 24 psec? “We have a tool,
but we have to learn what to do with it,”
observes Riko Radojcic, principal engi-
neer at Qualcomm. “SSTA is a fuzzy
world, not a black-and-white one.”

The question of statistical timing opens
a window—albeit a cloudy one—into the
most fundamental changes that are tak-
ing place in design teams as they adapt to
the 90-nm process. Imagine that a timing
engineer asked a process engineer what

MEMORY BIST
AND BOUNDARY-
SCAN INSERTION

SYNTHESIS

SCAN INSERTION
® EMBEDDED TEST

i

the delay on a net is. The process engi-
neer might say that the delay depends on
the switching speed of the driver transis-
tor. That speed, in turn, depends on the
threshold voltage of the transistor, the
gate leakage, the effective channel width
and length, the drain resistance, and the
source and drain contact resistances.
Those values vary, depending on the
dimensions and shapes of the source and
drain implants and the gate polysilicon.
They also depend on the shape and com-
position of the source and drain contacts,
which vary considerably in this process.
And those things, in turn, depend on the
proximity of the transistor’s well implants,
the density and pitch of the pattern of
polysilicon-gate features, and the prox-
imity of corners or width changes in the
polysilicon.

After learning about these and a host
of other factors, the timing engineer, who
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Figure 1 Open-Silicon has added or modified a significant number of stages (shaded) to its design flow to ensure manufacturability

at the 90-nm process.
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thought his responsibility was to achieve
timing closure, suddenly becomes re-
sponsible for a range of physical-design
and process variables that are beyond his

experience.

This scenario is frighteningly close to
reality for the early-adopter design
teams—the FPGA, memory, and CPU
vendors—that are the pioneers on a
process node. The responsibility for all
these variables does indeed fall on the
design team. To succeed, these teams form
intimate relationships with their process

DFM RAISES GLOBAL ISSUES

providers, whether they are internal fabs
or foundries. They also build cell-design,
modeling, and process-engineering groups
of their own to use the data that the fab-
process engineers share with them.
However, this situation is untenable for
ordinary cell-based-design teams and un-
thinkable for ASIC-design teams. That
level of process knowledge would be
impossibly expensive, even if, under some
scenario, a giant foundry would share its
basic data with an ordinary fabless cus-
tomer. The industry is employing a num-

ber of tactics to breach this impasse. The
earliest and simplest came into play at the
130-nm process and persisted into the
early 90-nm designs. This era of the rec-
ommended design rule dictated that, by
setting rules, the process engineers at the
foundry could theoretically prevent de-
sign teams from putting anything into
their physical design that would cause
substantial variations in critical parame-
ters. Then, by simply guardbanding the
specs on the devices, and, at a higher level
of abstraction, on the cell libraries the

The global engineering
community thinks that
task management works
without boundaries. With
the possible exception of
analog- and custom-
design tasks, you can
assign any block of a
design to any available
team anywhere in the

be about the same. No
interaction exists be-
tween culture and digital
design.

But in the brave new
world of DFM (design for
manufacturability), the
situation differs, say sev-
eral experienced design
managers. The reason
hinges on one of the key
differences between
design at the 90-nm
process and design at
larger geometries. That
difference is the role of
judgment.

Until manufacturers

design rules prohibited
the features that would
impact yield. You didn’t

these things, the DRC

g (design-rule-checking)
i tool would flag it, and
i somebody would fix it.

But at the 90-nm

process, many of the

| rules-those that forbade
i features that were physi-
i cally possible but likely

| to give low yields-
world, and the results will !
i “There are now so W ENNY
recommendations that, if
i you followed them all,

| they would forbid you

i from doing your design,’
i says Kazu Yamada,
NEC’s vice president and
i general manager for cus-
{ tom SOC (system-on-

i chip) products. On the

i other hand, if you ignore
them all, you may never

i see double-digit yields
from your product. And

i no magic tool exists that
i can tell you the impact

i on yield if you comply

i with one group of recom-
arrived at the 90-nm node,
i others in a block.

put lines too close togeth-
nm node is a matter of

i judgment. And individu-
als approach such mat-

i ters in a culturally condi-

er for too long a distance,
put corners of neighbor-
ing features opposite
each other, and so on. If
you tried to do one of

40
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i tioned way.

became guidelines.

mendations and skip the
So, designing critical

and even more at the 65-

“Japanese people grow

i up thinking that risk is
| inherently evil? Yamada
i says. “Kids in the United
States receive rewards
i for taking risks. And you
| see that in the behavior
i of engineers. Japanese

| absorbing a set of guide-
i lines and identifying the
: points they need to pay
attention to. US teams

i are more skilled at ignor-
| ing a set of risks and

i finding ways to quantify

i the results. You now
need both cultural atti-

i tudes in a design, be-

i cause if you paid strict

i attention to all of the

i would never complete a
i design?

Qualcomm Principal

| Engineer Riko Radojcic
i makes similar observa-
tions. “We have design

i centers in the United
States, India, and other
i countries)” he says. “We
: i have some centers that
i blocks at the 90-nm node |

are likely to question the

i design guidelines and
others that may some-
i times go too far in

{ implementing them?

: Radojcic does not

ascribe the whole differ-

1 ence to culture, however.
i He says that the boldest
i teams are often those
that have an internal

i group of experts whose

| job is to convert the

i foundry’s guidelines into
i a filter that designers

| design teams are good at |
i Those design centers

! that lack access to a res-
ident group of experts

i tend to be less comfort-
| able with the fuzziness

i of 65-nm design and to

i want hard and fast prin-
ciples.

apply to the design data.

It may well be that an

inherent uncertainty

i exists at the 65-nm node.
! You never know whether
| yield issues at 65 nm, you |
i enough to the guidelines,
but you always have to

i ignore some of them.

! This uncertainty illumi-

| nates individual differ-

i ences in risk-taking
behavior. Some design-

i ers accept the risks,
whereas others, whether
i for cultural or personal

i reasons, assign that
responsibility either to a

i tool or to an expert. This
| consideration may

i become significant in

i the management of glob-
i al design resources.

you have stayed close
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foundries began to provide, the

ARCHITECTURE FUNCTION
process folks could ensure that
the chip designers—those who
followed the rules, that is—
. LOGIC DESIGN IMPLEMENTATION
would never get any negative
surprises.
However, as they carried this 5 ysis CRITICAL

approach into the 90-nm-pro-
cess node, a negative surprise
did occur. The foundry engi-
neers kept finding new prob-
lems with each new design and
creating new design rules to pre-
vent them. Thus, for early 90-
nm-process users—and not just
the pioneers—the rules kept
changing rapidly. Soon, one list
became two lists: mandatory
rules and recommended rules.
Then, teams added guidelines.
By now, design teams had three problems.
First, there were so many rules that even
checking for compliance was impractical.
Second, complying with even a fair frac-
tion of the rules negated most of the per-
formance and density advantages of going
to the 90-nm process in the first place.
Third, under the rules, some important
structures became simply impossible.

This situation will only get worse at the
65-nm node, according to Kazu Yamada,
NEC Electronics America’s vice president
and general manager. “It’s not just that we
are checking many more rules,” he says.
“At 65 nm, adding rules doesn’t solve the
problem. If you take all the restrictions
together, they forbid you to design your
chip.” So what comes after rules? An
intermediate step must emerge between
just telling a designer to follow the rules
and making him understand the process
implications of every node in the design.
The simple answer is that models come
after rules. In theory, you can identify all
the sources of variation that create uncet-
tainty in the timing on a net. You can
then model these sources, either statisti-
cally or with physics-based models, and
you can use the models to tell the design-
er just what the result of his choices will
be. Ideally, the models would give
designers data they could actually use:
accurate parasitic values, delay figures,
and currents.

Even better, you could incorporate the
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Figure 2 Process understanding is diffusing up into the chip-
design team, growing more abstract as it moves up. Design
understanding is diffusing down toward process engineering.

models into the placement-and-routing
tools and even into the synthesis tools and
floorplanners to create a fully process-
aware design flow. The tools would han-
dle all the issues that could lead to vari-
ability, so the designers could conduct
their work just as they did at the 130-nm
process, only with a few more tools and
steps. Unfortunately, both of these sce-
narios are fictional. Part of the problem
is the difficulty of modeling the process
steps that contribute to the variability in
the first place. Equipment vendors and
process engineers employ PCM (process
compact models), which are complex
despite the term “compact.” These mod-
els are too slow for chip-design teams or,

“WE HAVE TO START OUT
WITH THE PCMs AND
ABSTRACT JUST WHAT
THE DESIGNERS NEED.”

in most cases, cell designers. Also, they
include many inputs that are the sole con-
cerns of the equipment and foundry
industry. A model of CMP (chemical-
mechanical polishing), for instance,
might include inputs for pad composition,
pad pressure versus time, back-plate struc-
ture, slurry formulation, location and time
of the slurry’s introduction to the wafer,

PARAMETERS

rotational speed, temperature,
and electric-field strength. And
CMP is just one stage in the
model.

Accordingly, EDA players are
working—hesitantly, perhaps—
with foundries and even more
tentatively with equipment ven-
dors to extract some data from
the PCMs, turn them into sim-
pler and more quickly executed
models, and allow them to have
inputs for things only under the
control of the chip-design team.
This effort is causing the growth
of independent modeling within
the EDA companies. “We have
to start out with the PCMs and
abstract just what the designers
need,” says Anantha Sethura-
man, vice president for DFM at Synop-
sys. This abstraction yields a separate
model of the process that must evolve
with a rapidly changing situation. “The
foundries work with us to update our
abstracted models, and we pass the
changes on to our customers,” he says.
“At 90 nm now, the processes around the
industry are becoming similar, and they
are becoming more stable.”

David Thon, group director in the
nanometer-analysis and  verification
group at Cadence, calls this process “adap-
tive abstraction.” He describes a two-way
flow of information across the interface
between the design team and the foundry
(Figure 2). As foundry information flows
upstream to earlier parts of the chip-
design process, abstract forms become
more necessary. Although cell designers
may need to know how to make painful
trade-offs between speed and variability
on a net, architects may need only
abstract information about the structures
and constraints that lead to a good yield.
Conversely, mask makers who run the
OPC  (optical-proximity-correction)
tools may need to have a reasonable
understanding of the role a set of polygons
plays in the electrical design. Process-inte-
gration engineers may need to have only
an idea of performance and yield targets.

Currently, neither these models nor
PCMs can provide accurate predictions of
the electrical characteristics of a net or
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accurate quantitative views of the impact
that a design choice will have on die
yield. “We can give designers some level
of comfort, some idea of the impact of the
changes they are making, and some idea
of what definitely won’t work,” Sethura-
man says.

Another limitation on the EDA indus-
try’s approach to the problem is that the
industry has so far built abstract models
of only those process steps whose varia-
tions engineers understand well. In real-
ity, that limitation dictates two models:
one for lithography—including, depend-

MORE DFM
COVERAGE

The July issue of EDN’s sister
publication, Electronic Business,
explores a post-DFM (design-for-
manufacturability) world in which
the cost of chip design will be
prohibitive. One theory posits

that general-purpose chips will
become the norm as high design
and fab costs make custom chips
uneconomical.

Whether or not you buy this
scenario, there’s little doubt that
the relationship between design
and manufacturing is changing
dramatically. For more, go to
www.eb-mag.com/dfm0706.

ing on whom you ask, more or less pro-
vision for modeling etch processes—and
one for CMP. The industry then lumps
anything else that occurs during wafer
processing that can contribute to vari-
ability in electrical parameters under
“variation.” “There are 2000 or 3000
sources of variations in an advanced
process,” NEC'’s Yamada says. “It’s impos-
sible to put models of all of them into the
EDA tools, and the EDA companies can-
not do their own process models. All they
can do is give us faster tools for dealing
with the growing number of process cor-
ners, but we can’t just keep adding more
corners, either.”

The consensus is that even the latest
yield-aware tools still can’t protect the
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design team from having to understand
the details of the design process. There is
some hope that at least these issues would
affect only cell designers and custom-cir-
cuit designers. But manufacturers often
can’t fulfill that hope.

“We tried just guardbanding at 90 nm,”
Yamada says. “It resulted in chips that
were either too big or too slow.” NEC
then incorporated deep awareness of vari-
ability issues into its cell libraries, so lay-
out designers can now choose either con-
servatively designed, high-yield cells or
aggressively designed, high-performance
cells that exhibit greater variations. The
physical-design team must assess its own
risk and its understanding of the original
design intent to make the selection.

This process draws a stark line between
ASIC and COT (customer-owned-tool-
ing) customers. “The ASIC customers
just give us the design and expect us to
deal with the DFM issues,” Yamada says.
“The COT customers, who typically are
pushing the area/performance/power en-
velope, want to be intimately involved in
the trade-offs between specs and yield at
each critical spot in the design. They
have to understand these issues in depth.
The best of them have been through the
experience before.”

NEC’s experience is that how far the
need for process expertise penetrates into
the design team depends on how hard the
design pushes the envelope. If the point
of using a 90-nm process is simply to make
the die smaller and decrease dynamic
power, a conventional team can turn over
the RTL (register-transfer-level) logic
with appropriate timing files and test
cases to an ASIC vendor. If the point is
to get a chip that is smaller, faster, and less
power-hungry, chip designers must intu-
itively grasp how much risk they are buy-
ing in exchange for a more aggressive cir-
cuit design.

For example, Qualcomm uses an
almost purely cell-based design flow for
the 90-nm process, according to Radoj-
cic. Many DFEM guidelines existed for
physical designers, but they handled DFM
issues in the same manner as they per-
formed DRC (design-rule checking)—
that is, by running DFM-screening tools
after layout. The company develops its

own cell libraries, and its foundry runs
internal inspection tools on the cell
designs and suggests changes. But only the
cell designers were privy to this informa-
tion. “The foundry didn’t require our
design team to become lithography or
CMP experts,” Radojcic says.

The only big change at the 65-nm
process was that the foundries gave their
DEFM-scoring tools to Qualcomm to run
itself. Qualcomm used these tools prima-
rily on individual cell designs, except in
the case of full-custom blocks. The design
teams did not mandate that a block had
to achieve a particular score on the tools.
In fact, designers often ran the tools in
their spare time after tape-out. “We nei-
ther identified a yield issue using the
tools, nor found the ‘end of the world,” as
some people have been predicting. We
have had a good yield ramp on our 65-nm
design,” Radojcic says.

To deal with variations, the Qualcomm
team stayed with traditional corner-case
analysis. “In the brilliance of hindsight,
we might have left the margins too big,”
Radojcic says. But that mistake may be an
unavoidable cost of a design that depends
not on process modeling or analytical
tools that don’t yet exist but on the skill
and experience of master designers.
“There is simply no way to relate design
choices and DFM-driven modifications to
changes in yield,” he says. “In a way, the
return on investment for all these tools,
beyond what you get from the experience
of your design team, is faith-based. Now,
we are using our 65-nm design flow to
evaluate changes to make DFM more for-
mal at 45 nm.” He says that there are two
schools of thought on the subject: One
says to go to SSTA and try to understand
how to use it, and the other says to
account for as many of the variations as

FOR MORE INFORMATION

Altera
www.altera.com

Open-Silicon
www.open-silicon.com

Qualcomm
www.qualcomm.com

Cadence
www.cadence.com
IBM Synopsys
www.ibm.com WWW.Synopsys.com
NEC Electronics TSMC

America www.tsmc.com
www.necel.com
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you can and accurately characterize them
in the models.

When designers encounter a problem-
atic structure, they must be able to do
something about it. In this case, “some-
thing” does not mean tearing up the entire
layer and doing a new layout based on
handcrafted changes in the one problem-
atic location. That approach would most
likely lead only to the emergence of more
problems elsewhere. So, EDA vendors such
as Cadence have been working on incre-
mental tools that will allow adjustment to
a local portion of a layout; rescreening of
the new layout for lithography, CMP, and
DRC; and incremental modifications to
the extraction files. Cadence believes that
this approach requires a modification to
the underlying structure of the design data-
base, so that tools can identify objects in
the neighborhood of a feature without tra-
versing the entire database.

Ultimately, success depends upon the
ability of master designers to take in data
from a growing Tower of Babel of com-
pliance checkers, rule checkers, and
analysis tools and to base design decisions
not on yield predictions, but on their own
experience. TSMC (Taiwan Semicon-
ductor Manufacturing Co), for its part, is
trying to reduce the dissonance. For its
65-nm reference flow, the company has
created a common data format for the
eight DFM partners it has included in the
flow. Using this format, it will put criti-
cal-area analysis, lithography-process
checking, virtual-CMP modeling, and, in
a later release, parametric modeling in the
hands of chip designers. “We can’t claim
to estimate yields,” says Edward Wan,
TSMCs design-services senior director of

You can reach
Executive Editor

at 1-408-345-4427,
ronald.wilson@
reedbusiness.com.

product marketing. “But we can predict
lithography and CMP hot spots in the
design. We will base the sensitivity lev-
els of the tools on our internal variation
data, so that the tools can flag things that
we know will not provide good yields.
This approach will put fixing the prob-
lems within the range of back-end chip-
design people.”

But how much the designers have to
know still comes down to how hard they
are pushing the envelope. Bradley Howe,
vice president of design engineering at
early adopter and custom designer Altera,
is more careful in his assessment of how
well models and tools can shield design-
ers. Howe believes that the company’s
experience may transfer to design teams
that later join with more cell-based flows.
“You probably can’t just let the cell
libraries deal with the problems, at least
at 65 nm,” he says. “I'm skeptical that you
can encapsulate the knowledge of process
variations into libraries or EDA tools
without leaving big guardbands. That
may be OK for some designs, but not for
others. Granted we are a full-custom flow.
But our experience has been that you
can’t limit the impact of DEM to some
level of abstraction. It permeates all the
way up to the architectural level. We
found, for instance, that when we were
developing the routing architecture for
our 65-nm generation, we ended up knee-
deep in transistor-dynamics issues. Every-
body involved had to have some level of
understanding.”

This belief appears to be the funda-
mental change on the horizon for design
teams at the 90- and 65-nm-process
nodes. If you want to get what a process
has to offer, you need individuals who
can, based on their experience, their
knowledge of the sources of variation,
their control, and their impact on elec-
trical characteristics, take calculated risks
on a circuit-by-circuit basis (see sidebar
“DFM raises global issues”).

“My advice to a design team just start-
ing out at 90 nm is: Don’t wait. Bite it off
now,” says Howe. “Either hire the ex-
pertise you need or help your people
develop it. You have to build this infra-
structure inside your team, because, soon-
er or later, no tool or third party can make
the problems go away.”Ebn
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ong the Holy Grail for telecom companies and

MSOs (multiple-service operators),

or cable

companies, the triple play succinctly means serv-
ing consumers’ voice, video, and data needs over
a converged network. And without question,
some telecom companies and MSQOs are deliver-
ing today. But consumer desires are changing.
Video has always been the most bandwidth-hun-
gry part of the play, and that need for speed is
skyrocketing. Consumers are increasingly enam-
ored of DVRs that might record two or even more channels while
yet another channel plays live. Combine DVR use with the esca-

lating migration to HDTV quality, and
the last mile is suddenly once again a
huge obstacle just as it was for broad-
band data a decade ago. Purveyors of
cable, DSL (digital-subscriber-line),
and optical-network services all have
plans to support the ramping band-
width demand, but none of those plans
is cheap or simple in deployment.
Next-generation broadband gates a
number of services ranging from real-
time and interactive TV to more com-
pelling multiplayer gaming. And the
impact and opportunity go far beyond
the companies—the IC vendors, com-
munication-equipment makers, set-top-
box vendors, and service providers—that
directly address the market. Next-gen-
eration broadband expands the market
for home networking, entire new class-

es of consumer products, and content.
Consider the types of networks that
now are or will soon be in deployment
and the challenges the service provider
face. Worldwide DSL is outpacing all
types of broadband deployment. Optical
is just getting started. In North Ameri-
ca, cable may still be the market leader
(see sidebar “DOCSIS moves ahead”).
But Imran Hajimusa, director of market-
ing for communications-access ICs at
Infineon, claims that three DSL lines are
being deployed today for every cable line
worldwide. DSL also faces perhaps the
toughest challenge in the triple-play race.

THE DSL CHALLENGE

The challenge starts with the band-
width requirement that telecom compa-
nies face with video-over-DSL services or

BY MAURY WRIGHT « EDITOR IN CHIEF

A TRIPLE PLAY OF VOICE, VIDEO, AND DATA MOVES THE
BANDWIDTH TARGET AS CONSUMERS ADOPT HDTV AND DVR
TECHNOLOGIES AND DEMAND MORE CONTENT CHOICES.

WHY, WHEN

AND WHER

IPTV (Internet Protocol television). In
such a deployment, the telecom compa-
ny sends only the video channels that the
subscriber requests down the last-mile
connection. Channel changes happen in
the companies’ remote terminal. IPTV
software from companies such as Micro-
soft has progressed to the point that
channel-change time is acceptable to
consumers even though the channel
request must go upstream to the telecom
equipment.

But what can DSL data rates deliver?
Starting in late 2004, many telecom com-
panies moved to ADSL2+ (asymmetri-
cal-digital-subscriber-line 2+) technolo-
gy that boosted downstream data rates to
25 Mbps by doubling the transmission
band to 2.2 MHz. Presumably, a telecom
company can deliver one HDTV stream
and two SDTV streams along with Inter-
net service and VOIP (voice-over-Inter-
net Protocol) phone service on an
ADSL2+ line. But Infineon’s Hajimusa
claims that North American telecom
companies have found such an offering
insufficient. He claims that consumers are
demanding six channels, two of which are
HDTYV. Hajimusa states, “Anything else
is just rubbish. This is what the consumer
is looking for.”

Better video encoding can ease the
video-bandwidth requirements. Original-
ly, a typical MPEG-2-based HDTV stream
needed close to 20 Mbps in bandwidth.

Improved codecs get that number down to
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AT A GLANCE

DSL (digital-subscriber-line)
deployments have passed cable on a
worldwide basis, but DSL may face
the toughest challenge of any option
when it comes to video delivery.

Consumers are demanding six
channels, two of which must be of
HDTV quality, in IPTV (Internet
Protocol-television) applications. That
demand translates to a minimum of
50-Mbps broadband services.

PON (passive-optical-network)
technology is taking off rapidly in
Japan and to a lesser extent in North
America. Aerially deploying the net-
work on utility poles cuts cost and
construction hassles.

M Hybrid-PON/DSL networks may
offer the best bang for the buck in
cities with copper-network installa-
tions.

approximately 12 Mbps. MPEG-4 helps
even more. Cyrus Namazi, vice president
of marketing at Conexant, claims, “Three
HD streams require only 20 Mbps total
with MPEG-4.” Still, ADSL2+ can’t meet
Hajimusa’s six-channel scenario.

The answer, according to DSL propo-
nents, is VDSL2 (very-high-bit-rate DSL
2). The original VDSL standard offered
higher data rates than ADSL, but QAM

(quadrature-amplitude-modulation)-

TELECOM
AND INTERNET-
BACKBONE
NETWORK

- OPTICAL-LINE
" TERMINAL

CENTRAL
OFFICE

CUSTOMER-PREMISES

EQUIPMENT HOME

OFFICE

Figure 1 In a PON, an OLT (optical-line terminal) at the service provider connects to a
fiber segment that is passively split, and the resultant fibers connect to either ONUs
(optical-network units) or ONTs (optical-network terminals) at each subscriber premise.

based VDSL was largely incompatible
with DMT (discrete-multitone)-based
ADSL. VDSL pioneer lkanos had some
limited success with VDSL, but telecom
companies couldn’t seamlessly migrate
their customers to the faster technology.
VDSL2 was completed a little more than
a year ago and is both DMT-based and
backward-compatible with ADSL2 +.

Today, telecom companies can deploy
VDSL2 chips in their remote terminals
and support legacy ADSL clients,
ADSL2/2+ clients, and VDSL?2 clients.
Hajimusa claims that Infineon can sup-
port 100-Mbps symmetrical VDSL2
service over distances as far as 3500 ft,
using 30 MHz of bandwidth, or 50-Mbps

symmetrical service over distances as far

What would our industry

: BPON offers asymmetrical

be without competing
standards, and why should
we expect anything differ-
ent in optical networking?
Like skirmishes in the
wireless-LAN- and ultraw-
ideband-standards efforts,
competing standards bod-
ies have promulgated dif-
ferent versions of PON
(passive-optical-network)
technology, and vendors
are deploying it in differ-
ent scenarios around the
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i world. Here’s a quick
i guide to the PON flavor of
i alphabet soup.

The ITU-T (International

Telecommunications

! Union-Telecommunica-
tions Standardization

i Sector) standard G.983

{ defines BPON (broadband
i PON). BPON is largely a

i follow-on to APON (asyn-
i chronous-transfer-mode
i PON), which still relies on
ATM-transport protocols

{ but at higher data rates.

i service with 622-Mbps

{ downstream transmission
i and 155-Mbps upstream
transmission.

The IEEE-802.3ah stan-

| dard defines EPON

(Ethernet PON), or GE-
PON (Gigabit Ethernet
PON). As the name
mplies, EPON, or Ether-

: net in the first mile, car-
i ries native Ethernet traffic

and offers symmetrical

i 1-Gbps service.

i ITU-T standard G.984

i defines GPON (Gigabit

{ PON), which can support a
i variety of Layer 2 proto-

i cols, including ATM, TDM
(time-division multiplex-
i ing), and Ethernet using

{ the GEM (Generic En-

i capsulation Method)

i translation layer that the
| standard defines. GPON
i offers asymmetrical serv-
i ice with 2.5-Gbps down-
stream and 1.25-Gbps

i upstream transmission.
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as 5000 ft using 17 MHz of
bandwidth. So telecom com-
panies that deploy VDSL2 + on
the service-provider side of the
link can supply the six-channel
IPTV example to customers
with relatively short loops and
still offer slower services for cus-
tomers with longer local loops.

Today, Infineon, Conexant,
Ikanos, and Broadcom are ship-
ping VDSL2 ICs, and Texas In-
struments has announced sup-
port through its Uni-DSL (Uni-
versal DSL) family. Still, debate
is ongoing about how quickly
VDSL2 support will proliferate.
Hajimusa states, “There are
some loops that will never get

below 10,000 ft.” Those loops
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wouldn’t benefit from VDSL2
but would benefit from ADSL-
2+. Supporting VDSL2 adds to
the complexity of the silicon.
“There is a premium to process

30 MHz of bandwidth,” he says.

Kurt Eckles, director of marketing for
residential gateways at Texas Instruments,

is more bullish on broad VDSL?2 deploy-

Figure 2 The variety of flavors of FTTx allows carriers to deploy fiber to individual homes or to
deploy hybrid networks in which some flavor of DSL or another technology provides the final link
to the subscriber.

premium to “future-proof” a network on
the service-provider side, he says.

node will take care of that,” he says. Ec-
kles point is that power supplies, packag-
ing, and other silicon dominate the cost
of access cards in the remote terminal and

PONs DELIVER FTTH

ment. “The WAN interface is only 25%

of our silicon costs, and a new process

But do technologies such as VDSL2

make sense with optical networks poised

in the CPE (customer-premises equip-
ment). VDSL2 requires a relatively small

Much of the optical-net-

work deployment in North
America today is in the
form of the Active Ether-
net switched network.
The word “active” differ-
entiates this type of net-
work from PON (passive
optical network). Unlike
PON, in which a number
of subscribers share the
bandwidth of a single
fiber segment, Active
Ethernet is more like the
typical office network in
which each node con-
nects to a central switch.
And, whereas PON relies
on passive splitters that
provide the fiber drops to
each subscriber, Active
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i Ethernet requires a dedi-
cated fiber to each sub-
scriber.

Without question,
Active Ethernet is superi-
or to PON in the amount
of bandwidth it dedicates
to each user. PON propo-
nents, however, believe
that it would be cheaper
to deploy the passive
topology. PON requires
only one set of optics on
the service-provider side
of the link, and its
shared-media fiber plant
s simpler. So, most large

i service providers world-

i wide are now pursuing
some flavor of PON tech-
i nology.

Active Ethernet propo-
nents claim that the cost
difference between the
two has narrowed consid-
erably as the price of
optics has dropped. And
Active Ethernet is winning
business among new
home communities that
have FTTH (fiber-to-the-
home) deployments,
municipalities that deploy
an FTTH network, and

i even some CLECs (com-

| petitive local-exchange
carriers) that are deploy-
ng FTTH networks in

i competition with the

i major telecom companies. i

i In the case of small
i home communities and

! municipalities, the Active
Ethernet deployment

i both serves the local resi-
{ dents and generates rev-
i enue. A typical municipal-
i ity allows third parties to
offer phone, video, and

i Internet service over the

{ FTTH network. And the

i municipality gets a per-

i centage of the revenue

| that the third parties gen-
i erate. In such a scenario,
{ Active Ethernet is more

i attractive to third-party

i service providers than

{ PON would be because

i Active Ethernet provides

; dedicated and guaran-

i teed bandwidth to each

i subscriber.
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to reach the home? Whether it’s FTTH/
C/P/N/B (fiber to the home/curb/premis-
es/node/basement) or some other flavor
of deployment, PONs (passive optical
networks) are poised to push fiber near-
er to the subscriber (see sidebar “Too
many PONs?”).

Generally, a PON in an FTTH deploy-
ment is more akin to a cable plant than
a DSL plant (Figure 1). A typical seg-
ment of fiber serves 16 to 64 subscribers
with passive splitters that create the fiber
run to each subscriber. Downstream data
rides one wavelength, and upstream data
rides another. Even with the shared-
media approach, a PON can provide a
guarantee of 50-Mbps or faster services to
asubscriber as long as the service provider
manages the number of subscribers on
each PON segment.

PON appears to be the choice of major
service providers worldwide for optical
deployment, although some smaller carri-
ers and municipalities are installing
Active Ethernet (see sidebar “Municipal-
ities adopt Active Ethernet”). Consider-
able disagreement exists about which PON

flavor will ultimately dominate. Carriers in
North America and Europe prefer GPON
(Gigabit PON) because it matches the car-
rier-class quality that the legacy carriers
have always designed into their networks.
Rich Moran, director of product manage-
ment at NEC’s Optical Network System
Division, states, “GPON is well-suited to
carriers because of its ability to tightly
manage traffic and service.” NEC is bet-
ting on GPON both in Moran’s equipment
division and in NEC Fiber Optek, which
makes lasers and optical interfaces.

GPON is also the fastest flavor of PON,
although speed to the subscriber depends
on how many subscribers share an optical
segment. EPON (Ethernet PON) propo-
nents claim that EPON is cheaper and that
the 1-Gbps rate allows EPON to use some
components developed for 1-Gbps Ether-
net. GPON advocates counter that, even
though GPON is marginally more expen-
sive, a GPON segment can serve double
the subscribers of an EPON segment.

It would be nice if you could draw
some conclusion by looking at early

deployments of VDSL2 and PON, but it

may be too early to judge those deploy-
ments. Moreover, hybrid PON/DSL
networks enter the equation, as well. In
North America, Verizon has the largest
PON deployment; its FiOS (fiber-optic
service) uses BPON (broadband-PON)
technology to offer the triple play. BPON
was a precursor to GPON, and Verizon
will presumably migrate its network to
GPON as chips and equipment become
available. NEC’s Moran believes that
Verizon will make the GPON transition
next year.

BroadLight supplies much of the
BPON silicon that Verizon uses and is
also the first company with broadly avail-
able GPON chips. “If it’s just Internet,
you can get away with BPON,” says Dan
Parsons, the company’s director of mar-
keting. Verizon now offers Internet and
phone services over the broadband link
on the FiOS deployment. The company
offers the video services essentially
through a cable-TV-like multicast service
on an overlay network—a wavelength
separate from the broadband service. Ser-
vice providers in the future will have the
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choice of offering video through a FiOS-
like overlay, IPTV over the broadband
link, or both. They could offer multicast
video over an overlay and video-on-
demand programs through IPTV.

The largest 1-Gbps PON deployment
is the NTT (Nippon Telegraph & Tele-
phone) EPON in Japan. Most experts
predict that Japan, China, and Korea will
drive PON deployment. In the case of
NTT, the Japanese government has
largely funded the EPON deployment
that provides 100-Mbps services. The
bandwidth may not be necessary today,
but observers believe that it is important
for Japan to lead the world in PON.
Conexant’s Namazi states, “In Japan, the
claim that ‘mine is faster than yours’ car-
ries a lot of weight. There is a lot of pride
involved.” Infineon’s Hajimusa points
out that some subscribers in Japan use 10-
to 15-Mbps upstream rates for Internet
gaming.

NTT based its deployment on ICs from
PMC-Sierra through its acquisition of
Passave. “The NTT new-PON-sub-
scriber rate has passed DSL additions in
Japan,” says Babak Samimi, FT TH-prod-
uct-line manager at PMC-Sierra. He
claims that NTT is adding 400,000 to
500,000 PON subscribers per quarter. He
also claims the number will reach 30 mil-
lion subscribers by 2010 out of a world-
wide PON deployment of 50 million to
60 million in 2010.

NTT aerially deployed most of its net-
work on utility poles rather than burying
it underground. The same situation is true
of the Verizon BPON deployment. The
combination of falling component prices
and aerial deployment has decreased the
cost of PON. Samimi claims that it can
be as cheap as $600 to $700 to deploy
service to a new subscriber. Others place
the figure a bit north of $1000 but still far
cheaper than the $6500 per subscriber it
cost just a few years ago. However, many
communities in North America don’t
allow overhead utilities, limiting the ben-
efits of aerial deployment. Surprisingly,
aerial optical plants are cheaper to main-
tain and more reliable that aerial copper
plants.

Despite the success of PMC-Sierra in
Japan, GPON proponents plan a major
push across Asia. Presumably, NTT chose
EPON because it was available and

despite the fact that PMC-Sierra has been
a sole source as an IC supplier. GPON
proponents claim that the EPON stan-
dard leaves options, especially in areas
such as security, that limit robust inter-
operability between chips from various
vendors. Companies such as BroadLight
believe that GPON interoperability will
be key to ultimately winning a portion of
the Japanese market, as well as in regions
such as China.

Samimi counters that NTT added
security provisions that make its EPON
suitable for interoperability and that
China can do the same thing. Recently,
China held an EPON-interoperability
test. Conexant is playing in both the
GPON and EPON markets and partici-
pated in the Chinese tests. Conexant’s
Namazi states, “We have successfully
interoperated with a number of compa-
nies in the EPON space.”

Texas Instruments has yet to announce
a PON play but is closely watching the
market. TD’s Eckles believes that China
will focus on low cost and will ultimate-
ly choose a technology in which multiple
vendors will compete and drive down
component prices.

HYBRID-PON/DSL NETWORKS

Meanwhile, across the globe, hybrid
networks will compete with PON
FTTH deployments (Figure 2). For
example, an FTTB or FTTN deployment
might connect to the basement of an
MDU (multiple-dwelling unit), such as
a high-rise apartment building. Inside
the building, VDSL2 might provide the
link to subscribers over existing copper
wires. Similar FTTN developments will
serve individual homes. For example,
Deutsche Telekom is using such an
approach with VDSL2 to roll out a
triple-play network in 10 major German
cities. AT&T in North America is tak-
ing a similar approach. It could be that
companies are deploying VDSL2 more
in such hybrid networks than in pure-
copper networks.

The hybrid-deployment concept elim-
inates the concept of a video-overlay net-
work, such as the one that Verizon is using
in its pure-optical BPON. If VDSL2
bridges the final link to the subscriber,
then IPTV is the only option for video
services.
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A move of gear inside the home is
another deployment trend to watch. As
TDs Eckles points out, “The telco network
has traditionally ended with the line pair.
The telcos now want to move the demar-
cation point to CPE in the house. The
cable industry always had that philosophy
with the way they developed DOCSIS
[Data Over Cable Service Interface Spec-
ification].” Conexant’s Namazi agrees.
“The service providers have wanted to
sell the consumer more, but they have
been afraid of the support issues,” he says.

Both Eckles and Namazi are referring
to the telecom companies’ plan to move

At first glance, you might think the

cable MSOs (multiple-service opera- |

tors) have solved the triple-play
issue of voice, video, and data and
can count their money. In North
America, where cable still domi-

nates, the major players are offering

the triple play, including HDTV and
DVRs. But the MSOs will have their
own set of problems as they contin-
ue to add intelligence to their net-
work, push intelligence deeper into
the network, and offer more HDTV
content. For example, CableLabs is
promulgating new DOCSIS (Data
Over Cable Service Interface Speci-
fication) 2.0 and 3.0 standards.

The MSO industry has widely

deployed DOCSIS 1.1 cable modems

that added quality-of-service fea-
tures to earlier products. The next
move is under way to DOCSIS 2.0
and adds support for faster up-
stream data rates for applications
such as Internet gaming. DOCSIS
3.0, meanwhile, will add channel
bonding, thereby providing MSOs
flexibility in even further increasing
both upstream and downstream
rates.

Among the biggest trends in
cable-modem design, EMTAs
(embedded multimedia-terminal

adapters) add an application proces-

sor and VOIP (voice-over-Internet
Protocol) support to the traditional

cable-modem function, thereby sup-

porting voice calls in a standard

to a residential gateway. Both see the serv-
ice providers providing consumers with a
box that integrates 802.11 wireless-LAN
technology or other home-networking
technology for video distribution, VOIP
telephony, and other services. The serv-
ice provider might charge the consumer
a premium for such CPE, but, realistical-
ly, the avenue to more services will gen-
erate revenue.

Still, such a plan opens the service
provider to the support risk. But Namazi
claims that implementing a gateway on
an SOC (system on chip) would mitigate
some of the support risks. “A gateway

: manner. Broadcom and Texas In-

! struments are leaders in the cable-

i modem market, although Tl claims

! to be pulling ahead in EMTA deploy-
ments, and MSOs that want to offer
i voice services are also targeting
such deployments.

i Kurt Eckles, TI’s director of mar-

| keting for residential gateways,

i believes that growth in the cable

i side of broadband will come as
DOCSIS pervades everything on the
i network. “Demand for a DOCSIS
function in all set-top boxes will

i drive cable growth,” he says. Eckles
i also believes the DSG (DOCSIS-set-
top-gateway) initiative will be key

i for next-generation conditional
access.

i  The big obstacle ahead, however,
i is how to handle more content-
specifically, more HDTV content. As
i the telecom companies move to
IPTV (Internet Protocol television),

i so could the MSOs. But making

i such a move would render the DOC-
{ SIS CableCards obsolete-at least in
i terms of receiving the IPTV chan-
nels. Consumers can add CableCard
i modules to TVs or even Media PCs

! to integrate digital-TV tuning over
cable networks. Converting analog

i channels is another way that the
MSOs could add digital channels.

i But a move to IPTV or a reduction in
i analog channels will surely anger
some segment of the subscriber

i base.




Highest Full-Power Bandwidth 12-bit Dual,

80 MSPS A/D Converter

Excellent Response to 200 MHz Eliminates Intermediate Frequency (IF) Stage and
Reduces Power Consumption

Signal Path Solution ADC12DL080
SNR, SINAD, SFDR vs Fy
90
)
=
E 80
7
=}
<t
=
»n 70
e y
=
(7
60
e s 0 50 100 150 200 250
tage tage Fin (MHz) AVA]LEFLE
AD-FReg
TQFP-64 packaging
Shown at actual size: 10 x 10 x 1 mm body size [ &

Pin-Compatible 12-bit ADC Family

Product ID Speed (MSPS) Bandwidth (MHz) | Power (mW) | Scales with SNR (dB) SFDR (dB)
clock freq.

ADC12DL040

ADC12DL065
ADC12DL080

Complete your signal path design with LMH® high-speed amplifiers

Ideal for use in IF sampling receivers, medical imaging, portable instruments, and oscilloscopes

Signal Path Designers"

SIGNAL PATH | esignc

Tips, tricks, and techniques from the
analog signal path experts. Sign up today at

| signalpath.national.com/designer

For FREE samples, datasheets, online design tools, and more R
information on the ADC12DL080, contact us today at: Na t tona l
Semiconductor

Or call 1-800-272-9959 The Sight & Sound of Information

© National ductor Corporation, 2006. National ductor, &, and LMH are registered trademarks and Signal Path Designer is a service mark of National Semiconductor Corporation.
Al




with tightly integrated features is the only
way you can get acceptable quality of
service,” he says. A networking-literate
consumer can now cobble together
home LANs with VOIP phone service.
Namazi’s point is that vendors will basi-
cally guarantee that the integrated func-
tions in a residential-gateway chip will
work as consumers expect.

As you might expect, CPE-chip vendors
are moving toward the gateway trend.

Texas Instruments has long offered such
gateway reference designs. Recently,
Broadcom, Conexant, and PMC-Sierra
joined the market. Conexant introduced
the CX9461x IC with an ADSL2+
modem, integrated 802.11a/b/g support,
and VOIP features. Meanwhile, PMC-
Sierra’s MSP7100 gateway platform in-
cludes models for ADSL2+, VDSL2, and
PON CPE, although the chips lack inte-
grated 802.11 support (Figure 3). Similarly,
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to bring your products
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to the world.
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Device
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S0 it's easier than you may think. WiPort is
even FCC-certified, so you don’t need separate
certification. Best of all, design changes are
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Development Kit and put the power of the Web
in your products.
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Broadcom offers the BCM6358 with no
integrated 802.11 support but pairs it with
anew Intensi-fi 802.11 chip that the com-
pany claims is 802.1 In-draft-compatible.

PATIENCE

In any event, the players in the PON
and even the VDSL2 markets will need
patience to realize a return on their R&D
dollars. GPON hopeful AMCC (Applied
Micro Circuits Corp) is working on a Pow-
erPC-based MAC (media-access-con-
troller) chip and now offers a PHY (phys-
ical)-layer chip. Neal Neslusan, director of
marketing for the company’s Transport
Group, states, “From the time we kick off
a program until we get a production part,
it’s 18 months to three years. Then, you
get design wins, and that takes a couple of
more years.” Neslusan doesn’t mention the
need to guess right on the technology. And
he isn’t the only one looking at protract-
ed deployment scenarios. For example,
Conexant’s Namazi states, “China is mod-
ifying the spec for encryption. That leads
me to believe that massive deployment is
a little way off.”Epn
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BY LANE HAUCK « MAXIM INTEGRATED PRODUCTS

Isolating USB

WITH ISOLATION, THE USB FITS
A WHOLE NEW CROP OF APPLICATIONS.

Ithough designers rely on the industry-standard

USB (Universal Serial Bus) port to interface

computers with hundreds of custom peripher-

als, isolation issues restrict its use in many appli-

cations. [solation improves common-mode volt-

age, enhances noise rejection, and permits two

circuits to operate at different voltage levels. Two obvious areas

that require isolation are the medical field, in which PC-based

instruments attach to patients, and the industrial arena, in

which large supply-rail offsets can occur. Thanks to its simple,

four-wire structure, USB may appear to be a natural interface
for electrically isolating a device that connects to a PC.

USB enjoys extensive industry support and has become the

standard way to connect peripherals to PCs. The interface oper-

SUSPEND
OE# . oD+
SPEED
VPO 1
VMO OD-
MICRO- 3 USB SIE 2
PROCESSOR
ASIC RCV
DSP
VPI
VMI

Figure 1 You can isolate a USB peripheral using the USB itself,
the transceiver interface, or the application interface. Most current
designs integrate the serial-interface engine and the transceiver,
making the transceiver interface inaccessible.

MOSI

[ 11
SCLK

MISO J_] U

st | [

Figure 2 This serial-peripheral-interface example operates in mode
(0,0). The same interface can operate in mode (1,1) if you make
the SCLK signal active-low and the quiescent state is high. You
can easily optically isolate these low-frequency signals.

ates at the low speed of 1.5 Mbps, full speed of 12 Mbps, and
high speed of 480 Mbps. This article deals with optical isola-
tion for a full-speed USB connection. A 12-Mbps device oper-
ates with enough bandwidth for useful data transfers and
employs a data rate that inexpensive optocouplers can manage.
The USB connector contains four wires. Two, bus voltage and
ground, supply power, and two, D+ and D—, move the USB
data. The bus-voltage wire provides 5V at as much as 500 mA
of current-sourcing ability. The bidirectional D+ and D— sig-
nals operate at a 12-Mbps signal rate, or 83 nsec per bit cell.
The D+ and D— signaling voltage is 3.3V.

Manufacturers build USB peripherals using a USB transceiver
that connects to the D+ and D— lines and either drives or
receives under control of an OE (output-enable) control pin
(Figure 1). The middle portion, a USB SIE (serial-interface
engine), handles translation of the bus signals that the trans-
ceiver sends and receives into data bytes and USB signals,
respectively, for the application that implements the USB
peripheral. The application circuitry might be a microproces-

sor, an ASIC, or a DSP.
ISOLATION SITES

You could incorporate optical couplers to electrically isolate
a USB device from the host computer at the USB itself, the
transceiver interface, or the application interface. Optical iso-
lation on the USB wires is impractical, however, because the
signaling rate is 12 MHz, which is too high for cost-effective
isolators. Also, you must carefully match the D+ and D— sig-
nals for propagation delay and skew—a difficult prospect when
using optical isolators. In addition, the USB is bidirectional,
whereas isolators are unidirectional, complicating the situation.
Furthermore, in a peripheral with an integrated transceiver, the
OE signal, which indicates direction, is inaccessible.

A USB peripheral that uses an external transceiver exposes
the transceiver interface, so you could consider these unidirec-
tional signals for optical isolation. However, this site has the
same problem as that for the bus wires: Its data rate is too high.
It also has more 12-MHz signals to isolate. Signals VPO (sin-
gle-ended output for D+), VPI (single-ended input for D+),
VMO (single-ended output for D—), VMI (single-ended input
for D—), and RCV (single-ended receiver output) all operate
at 12 MHz, and you would need to carefully match them for
delay and skew. Furthermore, this interface is rarely accessible
in modern USB designs that incorporate the SIE and transceiver
in the same chip.

The application interface is the most promising place to per-
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The USB powers the left side of this isolated-USB design, and the right side uses an isolated power supply. Providing the
isolation at the SPI makes the design simple and independent of stringent USB timing.

form isolation, because the signals can operate more slowly than
the USB data rate and you can build the interface so that it uses
only unidirectional signals. An ideal interface would use a few
unidirectional signals that operate at a data rate much lower
than the USB’s 12-MHz signaling rate. The SPI (serial-periph-

TABLE 1 SPI SIGNALS

SPI signal Description Comments

SS# Slave select Selects the chip for data
transmission, which the
master supplies

MOSI Master out/slave in Unidirectional data pin

MISO Master in/slave out Unidirectional data pin

SCLK Serial clock Serial clock, which the
master supplies
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eral interface), which Motorola (www.motorola.com) originally
defined and which is now widely available in many types of semi-
conductors, meets these requirements. This popular interface
features simplicity and high performance.

With the SPI, a master/slave system, the master initiates and
conducts transactions to a single slave. The master provides the
SS# (slave-select) signal and the SCLK (serial clock) to syn-
chronize data transfers (Table 1). The SPI has four clocking
modes, reflecting two CPOL (clock-polarity) mode signals and
two CPHA (clock-phase) signals. An SPI data transfer between
a microprocessor and an SPI-slave device commonly uses SPI
mode (0,0) (Figure 2). In mode (0,0), the clock is low in its
inactive state, and the SPI master makes the MOSI (master-
out/slave-in) data available before the first SCLK positive edge.
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LISTING 1 MAX3420E CODE

Updates MAX Dat.

; Read a MAX3420E register. Uses MAX_Reg (preserved),

rreg:
clT
rr2: mov

dat,MAX_Reg ; 000rrrrr

1sl dat ; 00rrrrrO

1sl dat ; Orrrrr00 (R)

1sl dat ; rrrrr000 (write bit is clear--bl)
bld dat, 0 ; rrrrr00T (T=ACKSTAT bit)

rcall send_byte

; Now read the MISO data

SCK_LO
rd: SCK_HI ; ready the next input bit
sec ; speculatively set CY

sbis PINB,MISO ; skip 1if set

clc

SCK_LO

rol MAX_Dat ; shift CY into the data byte
dec bitcount

brne rd

SS_HI ; all done

ret

For both master and slave devices, SPI data changes on the
SCLK falling edge and is sampled on the SCLK rising edge. SPI
is easy to implement on any microprocessor, even one that con-
tains no hardware-SPI unit. All it takes is four general-purpose-
[/O pins to construct the signals and two subroutines to read
and write bytes by directly toggling the 1/O pins.

The data rates of the SPI bus and the USB differ dramatically.
The isolation approach becomes simple with the SPI signals,
which you can tailor to run at any frequency to suit the char-
acteristics of the optical isolators. The system reconciles the wide
difference in data rates between the SPI bus that operates the

USB-FLOW CONTROL

Figure A shows the USB later-the host starts asking

(Universal Serial Bus)-flow-
control mechanism in
action. Starting with Packet
362, the host issues a “get-
descriptor-configuration”
request. The 09 in the sec-
ond-to-last byte of Packet
363 indicates that the host
wants 9 bytes of data from
the peripheral. The periph-
eral acknowledges receipt
of the request in Packet
364 and then gets busy
decoding the request and
loading the requested data
into its endpoint 0 data
FIFO.

A slow peripheral takes
some time to answer this
request, and the relatively
slow SPI (serial-peripheral-
interface) bus increases
the response time. After
Packet 364-988.667 psec
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for the requested data in
Packet 366. The peripheral
doesn’t yet have the data,
so the USB hardware auto-
matically responds with the
NAK (negative-acknowl-
edge) handshake, indicat-
ing “’m busy; try again
later” The host tries again
in Packet 368 and gets the
same NAK answer from the
peripheral.

This process continues
until Packet 419, when the
peripheral at last has the
requested data and arms
its endpoint 0 for the data
transfer. Now, instead of
NAK, it responds with the
9-byte data packet in
Packet 420, which the host
acknowledges in Packet
421. The NAK pairs (dotted
rectangle in Figure A) can

The SPI SCLK signal appears on both sides of the iso-
lated interface. The top trace indicates the isolated supply at
Ground 2 of 5V and V., of 8V.

USB controller and the USB signaling rate using USB’s “self-
throttling” feature with built-in flow control. It uses an NAK
(negative-acknowledge) handshake, whereby a peripheral tells
the host asking for data that it is not ready with data, and the
host should try again later (see sidebar “USB-flow control”).
Thus, a designer can fine-tune the SPI data rate to suit opto-
coupler choices for practical and cost-effective designs.

ISOLATED-USB-DESIGN EXAMPLE

Figure 3 shows a circuit based on an inexpensive micro-

processor, the Atmel AtTiny13, IC; HCPL-2531 optocouplers
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Figure A A USB trace shows a slow peripheral responding to a
host's request for data. The host requests the data in packets 362
through 364. The peripheral is ready with the data in Packet 420.
The intervening NAK packets demonstrate USB-flow control. The
peripheral responds with NAKs until it is ready with data.

lower limit on the rate at
which the SPI can operate.

occur any number of times,
which means there is no
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IC,, IC,, and IC; and the MAX3420E,
IC,, a USB peripheral controller with an

AT EDN.COM >

4, opening the possibility for using lower
cost optocouplers. This example shows the

SPI to its register set. Even though IC,
contains no hardware-SPI unit, “bit-bang-
ing” some general-purpose-1/O pins easi-
ly manages the SPL. IC, provides four gen-

. ) this article.
eral-purpose input pins and four general-

We encourage your comments!
Go to www.edn.com/ms4187 and click
on Feedback Loop to post a comment on

flexibility that the SPI offers for optically
isolated systems.

Electrically isolating the USB has been
a challenge due to the high-speed, bidi-
rectional nature and stringent matching

purpose output pins to replace and add to

the pins the microprocessor uses to implement the SPI. This
design uses two output pins to drive LED indicators D, and
D, and one input pin to connect the pushbutton switch S,.
Because IC, contains I/O pins of its own that SPI controls, they
are inherently isolated from IC, and require no individual
isolation.

Scope traces of the SCLK signal on both sides of the isolat-
ed interface demonstrate the optocoupler performance (Figure
4). The optocouplers have a throughput delay of approximately
0.5 wsec with the resistor values for this design. The short SCLK
pulse in the center is the result of a portion of IC/s code that
drives the SCLK I/O pin (Listing 1). Just before the “r4” label,
the SCLK signal is driven low and then immediately high again.
Assembler macros SCK_LO and SCK_HI ease the assignment
of I/O pins for pc-board layouts without changing the code. By
inserting a few NOP (no-operation) instructions between these
two statements, you can lengthen the narrow pulse in Figure

requirements of the USB-data signals. The
situation becomes simpler if you isolate the interface between
the USB controller and the application processor, because this
interface can run at any rate. The lower signaling rate suits USB
for low-cost optocoupler systems. As with any isolation design,
the fewer lines that require isolation, the more cost savings you
accrue. The SPI is an ideal candidate for isolation because it
uses only four low-speed, unidirectional signals.Eon
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ADVERTISEMENT

Reducing Switcher EMI with
Spread Spectrum Technology

High Performance Analog Solutions from Linear Technology

ffering a significant space

and efficiency advantage

over linear regulators,
switching regulators continue to
expand into an increasing number of
applications. One trade-off, however,
is the potential for electromagnetic
interference (EMI). Switching regu-
lator EMI, a result of the internal
switching current, is traditionally
controlled and contained with a
combination of grounding, shielding
and filtering. In addition to these
techniques, decreasing the peak
switching current and altering the
switching frequency can also reduce
EMI. With this in mind, Linear Tech-
nology developed the LTC6902 and
LTC6908 silicon oscillators specifically
for the reduction of EMI by intelli-
gently controlling the switching regu-
lator clock.

Since their introduction, Linear
Technology’s silicon oscillators have
proven their versatility across a wide
range of clock applications. These
solid-state devices generate precise
square-wave signals without a crys-
tal or ceramic resonator and without
an external resistor-capacitor time
constant. They have outstanding
environmental characteristics such as
inherent immunity to shock, vibration
and acceleration, in addition to an
operating temperature range from
-40°C to 125°C. Output frequency
range spans from 1kHz to 170MHz,

start-up is consistently
fast, power consump-
tion is low and the foot-
print is as small as 2mm
X 3mm. Since silicon
oscillators are program-
mable, they can intelli-
gently control a clock
frequency with multiple
phases.  Specifically,
they are ideal for multi-
phase synchronization
and spread-spectrum
frequency modulation
(SSFM).

Multiphase
Synchronization

Why is EMI Important?

Tremendous growth in the use of portable electronics has increased
the potential for EMI between devices. EMI can be a nuisance, as in
the case of noise in a television or radio receiver. EMI can impair
electronic device operation, such as avionic equipment, which is why
airlines ban the use of portable electronics during take-off and land-
ing periods. Underscoring the importance of this issue, government
regulations have established EMI limits and test methods to ensure
that products operate without experiencing interruptions and with-
out interrupting other devices. Testing and tracking down EMI
requires a lot of time and effort, so taking a proactive design
approach to avoid last minute modifications and time-consuming
retests is always a good idea.

a phase shift placed between each
regulator. This technique staggers the

The current waveform in a switching
regulator is irregular, producing EMI
concentrated at the switching fre-
quency. Instead of using a single
switcher, multiple switchers synchro-
nized out of phase will have a lower
peak current and therefore lower EMI.
This  phase-synchronization is
achieved by using a single clock with

turn-on time of each switcher such
that there is input current where
previously there was a dead band.
Figure 1 illustrates two switching
regulators operated with a single
200kHz clock with the resulting peak
input currents. Placinga 180° phase-
shift on the 2nd regulator clock results
in smaller current peaks at twice the

S5ADIV

Figure 1. Supply Current for 2 Switching Regulators Operated without and

with Phase-Synchronization

LY R
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frequency (400kHz), and therefore
smaller peak EMI. Since EMI is now at
twice the frequency, it is further
reduced since filtering is more effective
at higher frequencies. Many dual and
multiphase regulators take advantage
of this technique by including built-in
clock phase shifting. For example,
Linear Technology’s LTC3728, a dual
2-phase regulator, internally gener-
ates a 180° phase shift between the
two regulator clocks.

A separate external clock with
multiple phases is useful for synchro-
nizing multiple dual or multiphase
regulators, or when power require-
ments dictate the use of separate regu-
lators. For these applications, Linear
Technology’s LTC6902 silicon oscilla-
tor provides 4 outputs, programmable
for 2, 3 or 4 clock phases. Linear Tech-
nology’'s LTC6908 takes a simpler
approach by providing 2 outputs avail-
able in 2 versions; the LTC6908-1 has
two outputs with 180° phase-shift
between them and the LTC6908-2 has
two outputs with a 90° phase shift
between them. The former is ideal for
synchronizing 2 single switching regu-

Additional Benefits
of Multiphase
Synchronization

In addition to improved EMI, using multi-
phase synchronization with parallel regu-
lators has a net effect of canceling ripple
currents on the input and output. This
allows for a significant reduction in input
and output capacitors. A multiphase solu-
tion has a smaller equivalent inductance
and therefore, can provide a higher current
slew rate. A multiphase solution also has
less switching time delay for a load tran-
sient. As a result of the improved load
transient response, the needed output
capacitance is further reduced.
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lators and the latter is ideal for
synchronizing 2 dual, 2-phase switch-
ing regulators. For EMI improvement,
however, phase-synchronization is
only part of the story.

Spread Spectrum Frequency
Modulation (SSFM)

The most dramatic improvement to
EMI may be achieved by continuously
varying the switcher’s clock frequency.
The technique, referred to as SSFM,
improves EMI by not allowing emitted
energy to stay in any receiver’s band
for a significant length of time. The
effectiveness of SSFM with switching
regulators depends upon the amount
of frequency spreading, typically
+10%, and the modulation profile.

Various methods of frequency
spreading are used for SSFM,
such as modulating the clock
frequency with a sine wave or a
triangular wave. Most switchers
exhibit ripple that varies with
frequency; more ripple at lower
switching frequencies and less at
higher switching frequencies. As
a result, a switcher’s ripple will
exhibit an amplitude modulation
that follows the clock’s modulat-
ing signal. If the clock’s modulat-
ing signal is periodic, there will
be a periodic ripple modulation
and a distinct spectral component
at the modulating frequency.
Since the modulating frequency is
much lower than the switcher’s
clock, it may be difficult to filter
out. This could lead to system
problems such as audible tones or
visible display artifacts due to
supply noise coupling or limited
power supply rejection of the
downstream circuitry.

To avoid this periodic ripple,
Linear Technology’s LTC6902 and
LTC6908 silicon oscillators use a

ADVERTISEMENT

pseudorandom frequency modulat-
ing waveform that approximates
band-limited noise. In this tech-
nique, the switching regulator
clock shifts from one frequency to
another in a pseudorandom fash-
ion. Since the switcher’s output
ripple is amplitude modulated by
a noise-like signal, the output
looks essentially as if there were
no modulation and the down-
stream system implications are
negligible. The higher the rate of
frequency shifting, or the hop-rate,
the less time the switcher is oper-
ating at a given frequency and the
less time EMI will be “in-band” for
a given receiver.

There is a limit, however, to
the rate of frequency change
(dF/dt) that the switcher can track.
If the frequency abruptly hops
from one frequency to another,
output spikes will occur at the
clock frequency transition edge
(much like a load step response).
Lower bandwidth switchers have
more pronounced spikes. For this
reason, Linear Technology’s
newest SSFM oscillator, the
LTC6908, includes a proprietary
tracking filter to smooth the tran-
sition from one frequency to the
next. Most switchers have a band-
width of 1/10th to 1/20th of the
nominal switching frequency and
will operate fine wusing the
LTC6908’s default modulation rate
of 1/16th of the nominal clock
frequency. For limited bandwidth
switchers, the LTC6908’s modula-
tion rate can be decreased to
1/32nd or even 1/64th of the
nominal clock rate to ensure proper
regulation. The internal filter
tracks the hop rate to provide opti-
mal smoothing for all frequencies
and modulation rates.

www.linear.com
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Figure 2. Pseudorandom Modulation and the LTC6908 Internal Tracking Filter

Does It Really Work?

In the world of EMC (Electromagnetic
Compatibility), switchers are almost
always emitters and everything else is
a potential receiver. At any instant in
time, peak emissions from a switch-
ing regulator appear to be the same,
whether or not SSFM is enabled. The
amplitude of the instantaneous emis-
sion is unchanged but it does move
around in frequency. So, how does

this work? The effectiveness of SSFM
depends on the amount of spreading
and the frequency modulation rate
relative to the bandwidth of the
receiver. To receive an “instantaneous
snapshot” of emissions requires a
receiver that has infinite bandwidth
and, fortunately, every practical
system has a limited bandwidth. A
system’s bandwidth determines two
important characteristics: the range

Linear Technology’s Spread Spectrum Silicon Oscillators

1 o t3 t4 t5 tg t7 tg tg tyg TIME

of frequencies for which the receiver
will respond and how quickly the
receiver will respond (its response
time) when subjected to EMI. If the
emitting signal stays in-band for a
short time, relative to the system’s
response time, interference is signifi-
cantly reduced. Any performance
enhancement must be determined on a
system to system basis and while
SSFM may yield improvements, it is

1

E=io—
tsTEP

Device LTC6902 LTC6908-1 LTC6908-2
Frequency Output 5kHz to 20MHz 10kHz to 10MHz 10kHz to 10MHz
Frequency Set Resistor Resistor Resistor
Outputs 4 2 2
Output Phases 0°/180°/0°/180°
0°/120°/240°/NA ) )
0°/90°/180°/270° 0°/180° (Fixed) 0°/90° (Fixed)
(Programmable)
Spread Spectrum Amount 0% to 100% 0% or +10% 0% or £10%
(Programmable) (Programmable) (Programmable)
: 2
Operating Temperature -40°C to +85°C -40°C to +125°C -40°C to +125°C
Package MSOP-10 SOT23, SOT23,
2mm x 3mm DFN 2mm x 3mm DFN
Price $2.20 $1.65 $1.65
L’ LJCDEQBY JULY 6,2006 | EDN 71
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market. During regulatory

agency EMC testing, the
bandwidth of the test equip-
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ment is set to strictly defined
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bandwidths of interest. The
regulatory agency measure-
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systems. Just as discussed in

150kHz
FREQUENCY

Figure 3. Switching Regulator Output Emissions
using an LTC6908 (9kHz Resolution Bandwidth,

Peak Detector Test)

not a substitute for standard layout,
filtering and shielding practices.

In addition to in-system Elec-
tromagnetic compatibility (EMC)
concerns, all systems are required to
pass regulatory agency EMC tests
before they are allowed for sale in the

Regulatory Testing

30MHz

the previous paragraph, if the
emitting signal enters the
measurement system’s band
infrequently and for a short
duration, relative to the
system’s  response time,
measured EMI is reduced.

Summary

In applications using multiple switch-
ing regulators, multiphase synchro-
nization offers clear benefits,
including reduced EMI. As for the

ADVERTISEMENT

EMI benefits of
SSFM, it depends
on the band-
widths of interest.
SSFM is not a
substitute  for
proper design, but
when faced with
unacceptable EMI
atthe end of a design, few options are
as straightforward as enabling SSFM
on the switching regulator clock.
Using Linear Technology’s LTC6908,
both multi-phase synchronization
and SSFM could hardly be simpler.
The amount of frequency spreading
and the phase relationship between
outputs is fixed and the user only
needs to program the center
frequency and select one of three
modulation rates. With a price of
$1.65, the small size, simplicity and
potential benefits make the LTC6908
very affordable insurance. £7

LTC6908 SSFM Clock
(2mm x 3mm DFN Package)
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Regulatory agency EMC tests first scan each band using an envelope
detector called a peak detector. Measurements of the peak detector that
are above the pass/fail limit are further analyzed with a quasi-peak detec-
tor. The quasi-peak detector processes the peak detector’s output to
weigh the signal measurement according to its repetition rate. Addi-
tionally, many agencies require that a system pass a test using an aver-
age detector. The average detector is simply the peak detected output
processed through a very low frequency, low pass filter. Note that a
continuous, steady state, stationary emission will yield the same
measurement regardless of which detector is used.

Using SSFM, if the finite response time of the measurement system
is longer than the time for which emissions are in band, the peak detec-
tor measurement will be reduced. The typical bandwidth setting of the

Band A (9KHz to 150kHz): BW = 220Hz
Band B (150kHz to 30MHz): BW = 9kHz
Band C (30MHz to 1000MHz): BW = 120kHz
Real World System Bandwidths

Voice: BW = 3kHz
GSM: BW = 8kHz
AM Radio: BW = 9kHz
Audio: BW = 20kHz
FM Radio: BW = 75kHz
TV: BW = 6-8 MHz

detector results in a modest amount of attenuation. With SSFM, the quasi-peak and average detector measurements can be even
lower and never results in a higher value. Typically, SSFM provides a modest reduction of the quasi-peak detector measurement
and a considerable reduction of the average detector measurement. In summary, SSFM potentially lowers the peak detected measure-
ment by staying in the measurement band for short periods of time, gives an additional quasi-peak detector improvement by enter-
ing the measurement band infrequently and yields even more substantial improvement with the average detector.

JULY 6, 2006

LT LR

Note: LT, LTC and L7 are registered trademarks of
Linear Technology Corporation. All other trademarks
are property of their respective owners.

www.linear.com



BY JEFF BARROW . ANALOG DEVICES

Reducing ground bounce
In dc/dc-converter

applications

ELECTRICAL GROUND, WHICH LOOKS SIMPLE ON A SCHEMAT-
IC, CAN BECOME COMPLEX DEPENDING ON HOW YOU LAY
OUT THE PC BOARD. UNFORTUNATELY, GROUND-NODE ANALY-
SIS IS DIFFICULT. HOWEVER, UNDERSTANDING THE PHYSICS
OF GROUND NOISE HELPS TO REDUCE THE PROBLEM.

round bounce” is the amount that a

ground return rises or falls relative to the

system’s OV reference, and, in a dc/dc-

switching converter, ground bounce can

be many volts, often because of changing

magnetic flux. Magnetic flux is propor-

tional to a magnetic field that passes through a loop area. Fig-

ure 1 illustrates magnetic flux in a simple circuit loop. A volt-

age source pushes current through a resistor and around a loop

of wire. Imagine that you are grabbing the wire with your right

hand. Pointing your thumb in the direction of current flow, your

fingers wrap around the wire in the direction of the magnetic-

field lines. As those field lines pass through the loop, they estab-

lish magnetic flux. If you change either the magnetic-field

strength or the loop area, the flux will change, inducing a volt-

age in the wire. Figure 2 shows the same circuit with an added

switch. When the switch opens, current stops flowing, so the mag-

netic flux collapses, inducing a voltage everywhere along the wire.

Generally, pc-board-ground-plane resistance is a less
important  source
of ground bounce

ground return. The change in magnetic flux from those current
spikes induces ground bounce. Therefore, the best way to reduce
ground bounce in a switching dc/dc converter is to control
changes in magnetic flux.

In a basic circuit, output current remains constant, but the
loop area changes (Figure 3). In Figure 3a, ideal wires connect
an ideal voltage source to an ideal current source. Current flows
in a loop that includes ground return. In Figure 3b, the switch
changes position. The current source is still dc, but the loop area
changes and generates a magnetic-flux change, inducing a
ground-bounce voltage (see sidebar “Five pc-board-layout con-
figurations affect ground bounce”).

BUCK-CONVERTER GROUND BOUNCE

The buck converter in Figure 4 is similar to the simple cir-
cuit in Figure 3. At high frequencies, a large capacitor, such as
a buck input capacitor, looks like a dc voltage source. Similar-
ly, the large output buck inductor looks like a dc current source.
Magnetic flux changes as the switch moves between the posi-

o —~—o=

than magnetic-flux MAGNETIC FIELD
change. (Thef sheet INTO THE PAGEl/'\ l/\ l/'\ l/\
resistance of 1-oz

N N N N H
copper is about 500 < PR X X Y )
pQ/0, so a 1A I « x  x  x X

o)

WA

change in current v (¥ 3

produces 500 pV/[] oc <_ X X X X X M?ﬁﬁ(ﬁgc

of bounce—a prob- X X X X ;\\ MAGNETIC

lem for thin, long, < / x X % X G i —

or  daisy-chained . X A\ A\ THROUGH A INDUCED VOLTAGE = A
. LOOP ] ] ] ] ALOOP AREA GROUND BOUNCE

grounds or precision Loor o v 9 J

electronics.) Para-
sitic capacitance is a
path for large tran-
sient currents to a

passing through a loop that a circuit forms.

Figure 1 Magnetic flux is proportional to the magnetic field

Figure 2 When the formerly closed switch in
this simple circuit opens, the magnetic flux goes
to zero, inducing a voltage along the circuit.
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The area of the loop changes based on whether the
switch is in position 1 or 2 (a). The collapse of the magnetic field
as |, goes to zero induces a voltage (b).

7~ LEAD INDUCTANCE

SWITCH
+
Vi LOAD| v -
N 7
SWITCH
O_0O
Voe Ioc C)
A high-frequency switch sees a large C,,, as a voltage

source and a large buck inductor as a current source.

tions (Figure 5). The large buck inductor, L, holds the out-

put current roughly constant. Similarly, C,,, maintains a more
or less constant voltage across the parasitic-input inductance,
so the input current is also approximately constant. Although
the input and output currents are roughly dc, as the switch
moves from Position 1 to Position 2, the total loop area rapid-
ly changes in the circuit’s middle. This change means that mag-
netic flux is changing, which in turn induces ground bounce
along the return wire.

Buck converters comprise semiconductor switches (Figure 6).
But, as the complexity increases, the analysis of ground bounce
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LEAD INDUCTANCE swicH  Leuck
'o o Vour
S —
| 20 LOAD
Vin = Cun

TCBUCK

| }

+ GROUND BOUNCE —

In this simple buck converter, the red current loops indi-
cate the switch in Position 1, and the blue loops indicate the
switch in Position 2.
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A switching power semiconductor replaces the simpli-
fied switch of Figure 5.
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C,, bypasses the top of the high-side switch to the bot-
tom of the low-side switch, shrinking the changing-loop area and
greatly reducing ground bounce.

that changing magnetic flux induces remains simple and intu-
itive. Knowing that a change in magnetic flux induces voltage
everywhere along a ground return brings up an interesting ques-
tion: Where is true ground? After all, ground bounce means a
ground-return trace is bouncing with respect to ground, and you
must identify that point.

In the case of power-regulation circuits, true ground needs to
be at the point of load. A dc/dc converter delivers quality voltage
and current to the load. All other points returning current are not
grounds but just return lines to ground. Figure 7 shows how care-
ful placement of C,, reduces ground bounce. Capacitor C,
bypasses the top of the high-side switch to the bottom of the low-
side switch, shrinking the changing-loop area. Additionally, the
changing-loop area is isolated from the ground return. From the
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ground of V, to the true ground of
the load, no loop area or switch-
current changes flow from one case
to the next. Consequently, ground
return does not bounce.

Figure 8 shows an inferior but
perhaps typical pc-board layout of
the buck schematic in Figure 6. In
Figure 8, the high-side switch is
on, and dc current flow follows the
outer red loop. The low-side
switch is on, and dc current flow
now follows the blue loop. Note
the changing loop area and,
hence, the changing magnetic
flux. So, this arrangement induces

CHANGING
LOOP AREA

Figure 8 A bad layout causes a large change in current-loop area.

Conductors that cross at
right angles do not interact
magnetically: The magnetic
field from the vertical trace
induces positive and nega-
tive voltages that cancel in
the horizontal trace (Figure
A).

Magnetic-field lines
around parallel wires with
equal currents cancel
everywhere between the
wires, so the total stored
energy is less than what
you would find for the indi-
vidual wires. Wide pc-
board traces have less
inductance than narrow
traces (Figure B).

Magnetic-field lines
around parallel conductors
with opposite current flow
cancel everywhere outside
the conductors and add
everywhere inside. If you
make the inside loop area
small, then the total mag-
netic flux and, therefore,
the inductance will also be
small (Figure C). This
behavior is the reason that
the ac ground-plane return
current always flows under
the top-trace conductor.
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Corners have more

inductance because both
the vertical and horizontal
i traces see a magnetic field
{ from themselves as well as
i from the perpendicular

! trace (Figure D). A current
flows into a top trace,

i down a via, into a ground
plane, and back up a via to
i the bottom of the source

i (Figure E). The return cur-
rent flows, with dc current
i taking the path of least
resistance and ac current

i taking the path of least

{ impedance. Because top-

i trace corners and ground-
i plane cuts increase imped-
| ance, you can expect

i ground bounce. The
change in magnetic flux at
i those points induces the

{ bounce.

The upper trace in Figure

F shows good layout prac-
tice; the capacitor is in line

ith the current flow, creat-

i ing a minimal loop size.
The bottom trace, with the

i capacitor at right angles to
! the current flow, creates an
unnecessarily large loop,

i resulting in ground bounce.

CURRENT
FLOW

MAGNETIC FIELD
INTO THE PC BOARD FROM
THE VERTICAL TRACE
INDUCES POSITIVE
AND NEGATIVE
VOLTAGES THAT
CANCEL IN THE
HORIZONTAL TRACE.

Figure A
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CURRENT FLOW
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CURRENT |
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Figure B




GROUND PLANE
ON BOTTOM LAYER

voltage, and the ground bounces.
Figure 9 provides an example in
which a solid ground plane may

- kj ........... be a poor choice. In this case,
""""""""" designers constructed a two-

CURRENTLOOP VS ROUND BOUNGE layer pe board so that' a bypass
AREA GIVES RISE capacitor attaches at a right angle

TO GROUND to a top-layer supply line. In Fig-
BOUNCE = ure 9a, the ground plane is solid

) and uncut, a common but some-

times poor layout practice. Top-
Figure 9 The ground plane is solid and uncut, and the top-trace current flows through the capaci-  trace current flows through the
tor, down the via, and out the ground plane (a). A careful cut in the ground plane constrains the capacitor, down the via, and out

return current to a minimum-loop area and fixes the bounce (b). the ground plane.
Because ac current always

RETURN CURRENT CUT IN GROUND
TAKES THE PATH OF PLANE INCREASES
SIGNAL LEAST IMPEDENCE. CURRENT-LOOP-AREA
CURRENT GROUND BOUNCE
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takes the path of least impedance, ground-
return current cuts the corner on its way back
to the source. But the current has a magnetic

field and draws out a loop area that changes
with a change in current magnitude or fre-
quency. Magnetic flux is in that loop and
changes if either the current magnitude or the

frequency changes. That change means that a
sheet ground plane—even if it’s supercon-
ducting—can bounce. However, a careful cut
in the ground plane constrains the return cur-

rent to a minimum loop area and fixes the
bounce. This approach also isolates the cut

return line’s bounce voltage from the general
ground plane.

The pc-board layout in Figure 10 uses the
same principle as the one in Figure 9 to
reduce ground bounce. Designers built a two-
layer pc board’s input capacitor and both
switches over an island in the ground plane.
This layout is not necessarily the best, but it
works well and illustrates the key principles.
Note the large loop areas traced out by the red
and blue current paths in Figure 10. But the
two loops differ only slightly. The small
change in loop area means a small change in
magnetic flux and, hence, a small ground
bounce. Additionally, in the ground-return island in which
magnetic fields and loop area do change, the cut contains any
ground-return bounce. Also, the input capacitor, C,,,, (Figure
10), may look as if it resides in a different area from the high-

AR A o~
= R T
NN o, % \l
L | » -.2; LO_'f\D
<> Viy L“CHANGING ==C,qr Vour
- T » ._‘LOOPAREA I _
T S N N |
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Unlike in a bad design (a), you must place the boost
converter's output capacitor from the top of the high-side switch
to the bottom of the low-side switch to minimize the change in
loop area (b).
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Designers built a two-layer pc board so that the input capacitor and both
switches are over an island in the ground plane. Although the loop area by the red
and blue currents is large, the difference between the two loops is small. The small
change in loop area means a small change in magnetic flux and a correspondingly
small ground bounce.

and low-side switches from C,,,, in Figure 7, but it is actually
electrically nearby. Physical proximity can be good, but the
electrical proximity that you achieve by minimizing the loop
area is more important.

BOOST-CONVERTER GROUND BOUNCE

A boost converter is the inverse of a buck converter, so you
must place the output capacitor so that it goes from the top of
the high-side switch to the bottom of the low-side switch to min-
imize the change in loop area (Figure 11). Ground bounce results
primarily from a change in magnetic flux, which induces a

ground-bounce voltage. In a dc/dc-
AT EDN.COM [>

switching power supply, the flux
changes because high-speed switches

Go to www.edn.
com/ms4193 and

direct current to different current-loop
areas. However, careful placement of
the buck/boost-input/output capacitor :
kb putfoutp p click on Feedback
Loop fo post a com-
ment on this article.

and a surgical cut to a ground plane
can isolate bounce. Be careful when
cutting a ground plane, because doing
so can increase the loop area for some
other return current in the circuit.EDN
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e Single 2.5V Supply

e Flexible 1Vp_p or 2Vp_p Input

e LVDS/CMOS and Demultiplexed
CMOS Outputs

e Optional Clock Duty Cycle Stabilizer

Undersampling a 1GHz
Signal at 250Msps

Signal Power (dBFS)

0 20 40 60 80
Frequency (MHz)

LT HNER

V Info & Free Samples

www.linear.com/2242
Literature: 1-800-4-LINEAR
Support:  408-432-1900
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COMPLIANT

oHS

AT, LTC and LT are registered trademarks of Linear Technology
Corporation. All other trademarks are the property of their
respective owners.
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Flexible Solutions for Multiple LEDs

Linear Technology continues to introduce simple and flexible multidisplay LED drivers for a wide variety of portable devices. This
growing family of low noise, fixed frequency inductorless converters features high efficiency operation for optimum battery life,
with up to 17 current sources to drive as many as five displays. Simple serial interfaces allow easy control of all displays, LED
on/off state and brightness levels. And with few external components, you are assured of a compact, low profile solution.

WV Inductorless LED Drivers WV Info & Free Samples

www.linear.com/32
Part No iy (V) Max. Output | Number of Display Max. No. of | Dimming Package . ear.com/3208
: IN Current (mA) | Displays Types White LEDs |  Control 9 Literature: 1-800-4-LINEAR
LTC°3208  |2.9t045| 1000 5 Main, SUB 17 PC |5x50QFN-32 Support:  408-432-1900
CAM, RGB, Aux
LTC3206 271045 400 3 Main, SUB, RGB 11 12¢ 4 x4 QFN-24
- LEAD-FREE
LTC3205 2.8t045 250 3 Main, SUB, RGB 9 SPI* 4 x4 QFN-24 6 s
LTC3209-1/-2|2.9t0 4.5 600 3 Main, CAM, Aux 8 1’c 4 x4 QFN-20 R H
- COMPLIANT
LTC3210/-1 |2.91t04.5 500 2 Main, CAM 5 1-wire 3x3 QFN-16 A[
LTC3217 291045 600 1 CAM 4** Resistor/PWM | 3 x 3 QFN-16
LTC3214 291045 500 1 CAM 1** Resistor/PWM | 3 x 3 DFN-10
LTC3216 29t04.4 1000 1 CAM 1 Resistor/PWM | 3 x 4 DFN-12 AT, LTC and LT are registered trademarks and True Color PWM
is a trademark of Linear Technology Corporation. All other trade-
*Serial Peripheral Interface ~ **High Current LED marks are the property of their respective owners.
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High Voltage Buck Converters Drive High Power LEDs

Design Note 392
Keith Szolusha

Introduction

High power LEDs continue to replace traditional bulbs
in new automotive, industrial, backlight display and
architectural detail lighting systems. LEDs excelina wide
range of performance and cost parameters, including
excellent spectral performance, long life, robustness,
falling manufacturing cost and relatively safe materials.
Linear Technology offers a large and growing family of
high voltage DC/DC converters tailored specifically to
drive high-powered LEDs.

The LT®3474 and LT3475, for example, are high voltage,
high current, single- and dual-channel buck LED convert-
ers with wide PWM dimming ratios that can drive one
or more LEDs up to 1A and 1.5A for 80 lumens to 120
lumens per LED (or more as higher output LEDs become
available). These dedicated LED drivers have onboard
high voltage NPN power switches and internal sense
resistors to minimize board space, reduce component
count and simplify design.

With their high side sense resistors, the LT3474 and
LT3475 can drive LEDs tied to ground, an important
advantage in many systems. Current-mode control and
a precise reference voltage optimize loop dynamics for
a well regulated, low ripple constant LED current. Ther-
mally enhanced exposed pad packages keep the junction
temperature low during high power operation in stressful
environments. A PWM pin uses the dimming MOSFET

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

| 1 C
5V T0 36V Vin 0.22uF

BOOST
2.2uF 008 10pH
I — SHDN Sw
= LT3474 i

Rt BIAS

E REF out

DIMMING
Vapy PWM [—

CONTROL ——2F

sy o 0 j
0.1uF == 3.30F D =k
SEeen I I

15
::Boﬁk 10k

DN392 FO1

lll—ﬂ

Figure 1. LT3474 High Voltage Buck
LED Driver Regulates 1A

gate signal to extend the dimming ratio of the converter
by maintaining constant output capacitor voltage and
control loop state during PWM dimming off-time. Shut-
down and external analog current adjust pins provide
simple interface for further LED light and current control
flexibility in any system.

Single Buck 1A LED Driver

The LT3474 buck converter 1A LED driver shown in Fig-
ure 1 has features that suit it to automotive applications
(and other battery-powered applications) or to industrial
applications with limited board space, high voltage and
high ambient temperature. This scheme uses a high side
integrated 100m<2 sense resistor for true LED current
sensing and regulation, superior to the common and less
efficient method of biasing LEDs with a constant voltage
and a power wasting bias resistor.

The4Vto 36V inputvoltage range makes itideal to use with
little-to-no input transient protection circuitry in automo-
tive, industrial and avionic applications where long cables
from the battery result in very high input spikes.

The boosted NPN power switch results in high efficiency
for both 1- and 2-LED applications (Figure 2). The boost
diode is integrated to further reduce component count.
Driving the shutdown pin to ground turns off the LEDs
and reduces the input current to less than 2pA for bat-
tery longevity.
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DN392 F02

Figure 2. LT3474 Buck Drives Single or
Multiple LEDs with High Efficiency
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LED brightness is controlled by either the 400:1 True
Color PWM™ dimming with an external MOSFET driver
or with an analog 25:1 (or filtered PWM) signal on the
Vapy pin. Applications can be optimized for highest
efficiency or smallest component size via an external
resistor that programs the switching frequency from
200kHz to 2MHz.

The maximum output voltage of the LT3474 is clamped at
13.8V which protects the LT3474 output from LED open
circuit. Short-circuit protection is the final detail that
makes the LT3474 a bulletproof converter in the case of
all types of LED failures.

Dual Buck 1.5A LED Driver

Figure 3 shows a dual-channel 1.5A buck converter LED
driver using the LT3475 which is essentially two LT3474
converters combined in a single IC with a few additional
features. This simple solution is ideal for automotive
applications where two overhead or dashboard lights are
needed in the same system. Both light channels (each
a single or a string of LEDs) have separate Vppy volt-
ages and PWM signals for independent operation, but
a single shutdown pin further improves battery-saving
micropower operation by reducing the total battery drain
of the circuit to 2pA in shutdown.

Each of the dual outputs can be driven as high as 1.5A for
more powerful LEDs or LEDs that require higher current
and less forward voltage such as red and amber brake
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CYANK/AAN P i |
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Ndsdgw — S0V |V 2 1N4d48W
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DN392 F03

L1, L2: SUMIDA CDRH8D28-100
LED1, LED2: LUMILEDS LXK2 WHITE
Q1, Q2: Si2312BDS

Figure 3. LT3475 Dual High Voltage
Buck LED Driver Regulates 1.5A

Data Sheet Download
www.linear.com

and signal LEDs. Although the maximum output voltage
is clamped at the same level as the LT3474 at 13.8V,
the maximum power output capability of the LT3475
is three times higher. The PWM dimming ratio is also
greater—1200:1 or higher with the extended dimming
ratio circuit in Figure 4. Improvements in PWM dim-
ming techniques with lower minimum dimming on-time
requirements help this IC achieve extreme automotive
and nighttime dimming levels while maintaining the
same true color as 100% duty cycle. Independent analog
Vapy dimming ratio is 30:1 (50mA LED current) for each
channel. To reduce internal power dissipation, the boost
diode for each channel is left out of the IC.

Compared to the LT3474, the LT3475 offers three times
the power capability, the same shutdown current, the
same switching frequency range, a slightly higher
input voltage (36V operating, 40V maximum), a higher
dimming ratio, a higher LED current and only a slightly
bigger package (20-pin versus 16-pin exposed thermal
pad TSSOP)—making it a great choice for higher power
solutions. In addition, the anti-phase switching of the
two channels inthe LT3475 reduces the input ripple seen
by the source and limits the need for extra high voltage
input capacitors.

Conclusion

The LT3474 and LT3475 are excellent choices for high
voltage, high current, buck LED drivers in automotive,
industrial, backlight display and architectural display
lighting systems. The heavily integrated ICs reduce
component count and board space, while still providing
flexible features suchas adjustable LED current, PWM dim-
ming and adjustable operating frequency. Accurate LED
current regulation makes these ICs superior to other
DC/DC voltage regulators or LED drivers. Efficiency as
high as 88% combined with less than 2pA of shutdown
current save battery power and extend lifetime.

1MQ Rr

AAA : I

VVV
220pF

»—| I_—
D_I b 2n7002L

DN392 F04

Figure 4. LT3475 Extended Dimming Range Circuit
Provides 1200:1 PWM Dimming Ratio When Added
to Figure 3, and Up to 3000:1 at 1.4MHz

For applications help,
call (408) 432-1900, Ext. 2759

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

bipolar-current sinks
Christian de Godzinsky, Planmeca Oy, Helsinki, Finland

You can improve a current sink’s
accuracy by at least two orders of
magnitude by adding two standard 1%-
tolerance resistors. As a bonus, you also
compensate for errors that a low-cur-
rent-gain pass transistor’s base current
introduces. To do so, you measure the
transistor’s base current and add a pro-
portionally scaled error term to the
source’s reference voltage. When you
design a current sink, you can use a
MOSEFET for the sink’s pass transistor
because of its nearly infinite power gain
and low gate current. However, a high-
power MOSFET presents high input
and output capacitances that reduce
the sink’s high-frequency output im-
pedance.
As an alternative, a low-current-gain,
bipolar power transistor presents a much
lower output capacitance than does a

MOSFET of comparable power ratings.
Figure 1 shows a design for a bipolar-
transistor-based current sink that unfor-
tunately suffers from accuracy errors due
to Qs base current’s flowing into the
current-measurement resistor R,. The
base current varies with changes in Qs
collector current and current gain,
which in turn depend on Qs produc-
tion tolerances, junction temperature,
and collector-emitter voltage.

You can use a Darlington transistor
to increase the circuit’s current gain and
reduce the output error, but few Dar-
lington transistors offer good high-fre-
quency parameters. Superbeta power
transistors are rare, have typically lower
unity-gain-bandwidth frequencies, and
are more expensive. In other words,
even though a bipolar transistor pres-
ents higher output impedance at high

—|—o

REGULATED l
CURRENT
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VW Q
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L

Figure 1 This typical quickly responding constant-current sink uses a bipolar
transistor but suffers from base-current-induced error. Its nominal output current

is 1oyr=(Veee/R,) — e
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86 Phase-sequence indicator uses
few passive components

90 Microcontroller’s single 1/0-port
line drives a bar-graph display
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and receive $150! Send your
Design Ideas to edndesignideas@
reedbusiness.com.

frequencies, the error from its base cur-
rent makes it a poor choice for a high-
precision current sink. You could com-
pensate for base-current errors by meas-
uring the output transistor’s collector
current and introducing a correction
factor, but that approach increases cir-
cuit complexity and reduces the sink’s
output impedance.

Figure 2 shows a better approach,
which adds a differential amplifier, IC,,
and resistors R, through R, to measure
Q,’s base current by sampling the volt-
age across R,. Resistors R, and R, scale
and sum the error and reference volt-
ages you apply to differential amplifier
IC,. Because IC s inverting input con-
nects to current-shunt resistor R’s
upper end and not to ground, the ref-
erence voltage, V.., determines the
error voltage applied to Q,, preserving
output scaling and allowing output-cur-
rent calculation as V. /R . As aresult,
the regulated voltage across R repre-
sents the sum of the desired output cur-
rent plus the transistor’s base current.
Because the transistor inherently “sub-
tracts” its base current, its collector cur-
rent and, hence, the output current
have no base-current error.

You can simplify the circuit and pre-
serve its error-correction properties by
combining IC, and IC; better yet, you
can add two resistors to Figure 1 to

JULY 6, 2006 |
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achieve the same effect. Figure 3 shows
the final circuit. To understand its oper-
ation, think of the circuit as a voltage
regulator that delivers a voltage equal
to Vg across R, If you short-circuit
base resistor R, , note that any common-
mode error that resistors R, and R,
introduce cancels and thus has no effect
on Qs base voltage. When you feed
the voltage drop back to ICs input
through R; and R, the voltage drop
across R,, representing Qs base cur-
rent, increases the regulated voltage
across R, by the ratio of R,/R,. If the
ratio of RS/R4 equals that of R /R, the
voltage across R includes an error term
that effectively cancels the base cur-
rent. If R,=R, and R;=R,, the follow-
ing equation describes the output cur-

rent, [

R
VREF +IB XRZ XR74

1 = O ],
ouT R B
Because the base current, L, appears
twice with opposite signs and cancels,
the equation simplifies to: I ,;=
(ViR

To optimize the circuit’s perform-

RS
47k

Ve
Ry
+ 47k
+ L 4 VWA
ic,
Re - > 47k
o = REGULATED
R, - AN CURRENT l
47k é
1
2N3020
<
" R,
1k
+ VWA

Ny
HH—e—w

Figure 2 Adding base-current error compensation improves the circuit's per-
formance. Using perfectly matched resistors simplifies the output-current equa-

tion to IOUT:(V /R)).

REF

ance, use the following resistor ratios:
R,/R=R,/R, R.=R; R,=R,, R;>>
R, and R;>>R . Using standard 1%-
tolerance resistors in the circuit of Fig-

REGULATED l
CURRENT

47
'—N\/‘—o—é Q,

2N3020
CCOMP RG
T 47k
VW

N
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Figure 3 You can further simplify the current sink’s design by adding only two
resistors, R, and R, to the original in Figure 1. The output-current equation

remains IOUT:(VREF

JULY 6, 2006

/R)), as in Figure 2.

ure 3 reduces the error from Q,’s base
current to about one-one-hundredth of
its uncompensated level. Without
compensation, a low-gain power tran-
sistor with a typical current gain of 25
at Q, would introduce a full-scale cur-
rent error of 4%. The circuit corrects
the error to 0.04% and raises Q’s cur-
rent gain to an effective current gain of
2500. Perfect matching would result in
an immeasurably small base-current
error. Note that IC s input common-
mode-voltage range must include the
negative-supply-voltage rail. Equal
resistances at both of IC’s inputs bal-
ance the op amp’s input-bias currents.
The minimum power-supply voltage
depends on ICs maximum current-
sourcing capability and on the sum of
the worst-case voltage drops across Qs
base-emitter junction, R and R,. The
circuit’s maximum output current de-
pends on Qs worst-case minimum cur-
rent gain times [C’s worst-case mini-
mum output current.

To ensure stable operation, use a
unity-gain-stable op amp for IC,.
When the circuit operates within its
nominal current range, an op amp
whose response time is substantially



Simple 12A

Synchronous Flyback

l Viy Range: 36V to 72V ] ' No Optocoupler Needed '
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No Optocoupler Design for Fast Transient Response

Complex forward converter designs are a thing of the past. Our LT®3825 synchronous flyback controller brings a new level of
design simplicity to 10W to 60W isolated DC/DC converters. It features synchronous operation for high efficiency and excellent
thermal management, fast transient response for rapidly changing loads, and the capability to regulate multiple outputs without
optocoupler feedback. The LT3837 provides similar capability for an input voltage range of 9V to 36V.
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e Senses Output Voltage Directly from
Primary Side Winding-
No Optoisolator Required

» Synchronous Driver for High
Efficiency: 90% (3.3Vour)

e Qutput Regulation without
User Trims: 1% (3.3Vour)

e Switching Frequency from
50kHz to 250kHz

e Viy Range: LT3825: 36V to 72V+ 100ps/DIV
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improves the performance of a two-transistor

Figure 4 Adding Rqpeepup
Darlington output stage.

capacitor of a few tens of picofarads
guarantees stability under all condi-
tions—for example, when the circuit’s

longer than Qs generally doesn’t
require installation of compensation

capacitor C_, - However, a small

Phase-sequence indicator uses
few passive components

Metodi lliev, University of California—Berkeley

For certain component values, the fol-
lowing conditions apply: The voltages
across R and C, are equal—that is,
their magnitudes and phases are the
same—only when V, occurs exactly

120° ahead of V, which indicates the
correct phase sequence. In this case, the
voltage between points A and B is zero.
Conversely, the voltages across C, and
R, are equal only when V., is ahead of
V, by 120° which corresponds to a
reversed sequence.

Referring to the phasor diagram in
Figure 2, when the voltages across R,
and C, are equal, V., =—V,,, V +
Vi, =Vgand V,+V,, =V, . The fol-
lowing equations satisfy these condi-
tions: IV =1V, =R IV,
=(") Vg1, and IV =1V, |=
cos(30°) 'V, I =cos(30°) IV, I You

calculate the component values by

In a three-phase ac system, a
power source with three wires
delivers ac potentials of equal fre-
quency and amplitudes with respect to
a zero-potential wire, each shifted in
phase by 120° from one wire to the
next. Two possibilities exist for estab-
lishing a phase sequence. In the first,
voltage on the second wire shifts by
120° relative to the first, and, in the
second, a —120° shift occurs with
respect to the first wire. Phase order
determines the direction of rotation of
three-phase ac motors and affects other
equipment that requires the correct
phase sequence: a positive 120° shift.
You can use a few low-cost passive
components to build a phase-sequence
indicator.
Figure 1 shows a conceptual circuit
that can detect both phase sequences.

86 EDN | JULY 6, 2006

output current and the feedback volt-
age across R approach zero.

The circuit in Figure 3 works equal-
ly well if you use a Darlington transistor
for Q, because its higher current gain
further improves the circuit’s operation.
If you use two discrete bipolar transistors,
you can improve the composite Dar-
lington transistor’s turn-off time by con-
necting a resistor between the output
transistor’s base and emitter to remove
its excess base charge (Figure 4).

You can use either a fixed or an
adjustable reference-voltage source, but
for the smallest possible error, the ref-
erence source’s output impedance
should be fairly low to sink feedback
current from R,. You can also propor-
tionally increase the values of resistors
R, through R to reduce the amount of
current that the reference source
absorbs. It’s amazing what you can
achieve by adding only two resistors to
an already-simple circuit.EDN

Figure 1 This conceptual circuit can
detect both phase sequences.

solving the following equations:
I X, I =tan(60°)XR =1/3XR,, and
R,=tan(60°) X I X, |, where X.=
—ij[1/(2mX£XC)], and f represents the
frequency of the V voltages.

Also, to ensure detection of a
reversed phase sequence, C, =C,, and
R, =R;; that is, the components in the



DIGITAL TEMPERATURE SENSOR
PROVIDES UNPARALLELED +0.5°C
ACCURACY WITH 1-Wire SIMPLICITY

Virtually “Infinite” Multidrop Capability Ideal for Distributed Sensing Applications

The DS18B20 is the industry's most accurate solid-state digital thermometer. Its 1-Wire®
interface requires only one microcontroller 1/0 for communication. In addition, each DS18B20
has a unique 64-bit serial number, allowing numerous sensors to coexist on a single 1-Wire bus.

The DS18B20 can be powered by a local +3.0V to +5.5V supply, or it can derive power directly
from the data bus (“parasite power”), making it ideal for remote sensing applications. For
applications requiring +2.0°C accuracy, ask for the DS1822.
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Figure 2 When the voltages across
R, and C, are equal, V_,=—V
Ve, Ve =V

R2’

s and Vg, +Ve, =V,

third branch are identical to those in
the first branch. The phase-sequence-
detection circuit in Figure 3 eliminates
the requirement for an accessible
ground wire by adding resistors R, and
R, that connect in parallel with the first
and third branches. Eliminating the
ground-wire requirement also dictates
a ratio between |X +R/| and
I X, +R, I. For no current to flow to
ground from Node G, the sum of cur-
rents in the branches must equal zero,
and, if you disconnect Node G from

ground, its potential with respect to
ground is also zero.

As long as the proportions of X, to
R, X, toR,, and X, to R, remain as
noted, the balance of voltage drops
remains across R}, C,, and R,. Multi-
plying the impedance of any branch by
a constant influences only the magni-
tude of the currents through the respec-
tive branch. The current through any
branch presents the same phase angle
as the voltage across a resistor in the
branch. The phasor diagram in Figure
4 shows the currents in Figure 3. From
this diagram, if |1, | =tan(60°)X I I,
then I, +1,=—2XI,. Thus, I, has half
the magnitude of and an exactly oppo-
site direction from (I, +1,).

A vector diagram of the currents
shows that adding two currents, each
with magnitudes equal to I, and the
same phases as V¢ and V,, produces a
summed current with the same magni-
tude and phase as L; therefore, the total
current at Node G is zero: I +1,+
L+1/+L"=1 +1,+2XI,=0. To make
the sum of the currents equal zero,
R,=R,=IR +X_, I =IR —jl1/(2mX
fXC))]!. The two LEDs in Figure 3
indicate correct or reversed-phase
sequence. When LED, lights and LED,
remains dark, the voltage between
nodes A and B is OV, which corresponds

Vs Vso Vss
= C, = 3 R, = = G
33 nF S 46.4k 33 nF
vl ! . gl i
LED LED
SR R \x 2 R;
égsikA 499k EE B m 490k | C
Ak g 4 3 Rg
> 93.1k
D1 D2
S R, 1N4004 1N4004 < Ry
46.4k C, L 46.4k
100 nF
G

Figure 3 This phase-indicator circuit balances branch voltages and currents and
requires no ground reference. These component values are for a 60-Hz line fre-

quency.
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I+,

Vg, ‘\‘

Figure 4 |, has half the magnitude
and an exactly opposite direction to
(I1+I2) in Figure 3.

to a correct phase sequence. A re-
versed-phase sequence lights LED,
while LED, remains dark. The diodes
connected in parallel with the LEDs
protect against exceeding the LEDs’
reverse-breakdown voltages, and resis-
tors R, and R, limit forward currents
through the LEDs. For greater sensi-
tivity, you can replace the LEDs with
high-input-impedance ac-detector cir-
cuits.

The circuit’s final version includes
indicators that show whether all three
phases carry voltage. In the circuit in
Figure 3, a phase that carries OV lights
both LEDs. Depending on your appli-
cation, you can connect voltage-
detection circuits comprising LEDs and
protection diodes in series with current-
limiting resistors between V , V), and
V, and Node G. You can also use low-
wattage neon lamps with appropriate
series-current-limiting resistors.

When selecting components, ensure
that their values conform to the fol-
lowing proportions. For an arbitrarily
chosen wvalue for C,, R=R=
R,=1/(2nXtXC, Xtan(60°)), C =C,,
C,=3C,, and R,=R,=2XR,. When
you select a value for C,, the currents
through the detection circuitry should
be significantly lower than the currents
through the branches, which excludes
arbitrarily low values for C .epn



3.5-/4.5-DIGIT LED PANEL-METER IC DRIVES
REMOTE DISPLAYS IN NOISY ENVIRONMENTS

Displays Local Measurements and Drives a Proportional 4mA to 20mA
Current Loop for Remote Displays, Data-Logging, or Process Gontrol

PANEL METER WITH REMOTE
MAX1365-MAX1368 PANEL METER
350m

1ogc [ ™ 1109°C
4mA TO 20mA OUT
g5ps)  [mATOZOMAOUT (¢ 95 PS
4mA T0 20mA
INTERFACE
BOILER

4mA TO 20mA OUTPUT
TOLED 7V T0 +30V LOOP
SELF-CONTAINED
PANEL METER 4
SELECTABLE
2V OR =200mV >3 | LED DRIVER | | REG |
RANGE
MAXIM 15-BIT
MAX1365-68 EAC = v
v v
‘ SPI™ INTERFACE CONTROLS / ([\ DIRECTLY ACCESS DAC OUTPUT AND ’
DAC, ADC, AND LED DRIVER V/I INPUT FOR CUSTOM TRANSFER FUNCTIONS
ADC + LED Driver for Local Displays 4mA to 20mA Output Drives Remote Displays
¢ +1999/+19999 (3.5-/4.5-Digit) Resolution ¢ 15-Bit Resolution DAC

¢ No Autozeroing or Integrating Capacitors

4 14-Bit Linear V/I Converter
¢ Common-Cathode LED Display Driver

4 Unipolar or Bipolar Mode

. . Current Output Price’
Part Resolution Display Interface (mA) p Package ()
MAX1365/MAX1367 3.5/4.5 digit LED Stand-alone 4020 or 18-T0FP 9.18/6.96
MAX1366/MAX1368 3.5/4.5 digit SPI 0to 16 9.98/7.91
SPI is a trademark of Motorola, Inc.

T2.5k piece price provided is for design guidance and is FOB USA. International prices will differ due to local duties, taxes, and exchange rates. Not all packages are offered in
1k increments, and some may require minimum order quantities.

INAKXI MV

www.maxim-ic.com

FREE A/D Gonverters Design Guide—Sent Within 24 Hours!
CALL TOLL FREE 1-800-998-8800 (7:00 a.m.—5:00 p.m. PT)
For a Design Guide or Free Sample
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1-888-MAXIM-IC 1-800-777-2776

1-800-332-8638

Distributed by Maxim/Dallas Direct!, Arrow, Avnet Electronics Marketing, Digi-Key, and Newark.

The Maxim logo is a registered trademark of Maxim Integrated Products, Inc. The Dallas Semiconductor logo is a registered trademark of Dallas Semiconductor Corp
© 2006 Maxim Integrated Products, Inc. All rights reserved.
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Microcontroller’s single I/O-port
line drives a bar-graph display

R Jayapal, PhD, Bharat Heavy Electricals Ltd, Trichy, India

Instrument designs featuring a

digital display may benefit from
a secondary display that provides an
analog version of the displayed param-
eter. A bar-graph display provides an
easily interpreted graphical indicator
that allows comparison with its full-
scale value, but a conventional micro-
controller-based design uses at least one
eight-line I/O port to drive an eight-
segment-bar-graph LED display.

As an alternative, some microcon-
trollers include a PWM (pulse-width-
modulated) output. You can minimize
the number of required I/O lines by
using the PWM output to drive
National Semiconductor’s (www.
national.com) LM3914 bar-graph-dis-
play-driver circuit or an equivalent. In
operation, the microcontroller’s pro-
gram adjusts the PWM output’s pulse
width such that the average voltage
that feeds to the LM3914 circuit illu-
minates the required number of bars in
the display.

The design in Figure 1 obviates the
shortcomings of these approaches and
uses only one port line to drive an
eight-segment bar graph. This design
does not use a PWM output and hence
can apply to any microcontroller.

PORT
LINE

MICRO- ic,
CONTROLLER 1274123 G
Coun |14 ] 1000

4 1 TR
CLEAR
@ 2 3 ° L
A1 GND (@F)

Referring to the timing diagram in Fig-
ure 2, whenever the bar-graph display
requires an update, the microcon-
troller’s software delivers a pulse train
through its output port. The first pulse
comprises a pulse of width T, that’s
longer than the width of the pulse T,
which  triggering monostable IC,, a
74123 or equivalent, produces. You
apply both pulses to IC,, a 7400 or
equivalent NAND gate, which togeth-
er with IC, forms a long-pulse detector.
Use the equation in IC’s data sheet to
select values for C, and R, that yield a
value of approximately 1.5 msec for T,s
output pulse. Typical widths for T, and
T, are 3 and 1 msec, respectively.
The output pulse from IC; goes low
for a duration of T, —T,, and this pulse
clears IC,, an 8-bit serial-in parallel-out
shift register, which forces all of IC’s
outputs to go low and lights all segments
of the bar-graph array (LED, to LED).
To light N segments of the bar-graph
array, the microcontroller immediately
sends a serial train of (8—N) pulses of
width T, through the output-port line.
Because the width of these pulses is less
than T,, NAND gate IC,s output always
remains high and thus does not clear the
shift register. The rising edge of each of

1L G
SERIAL SERIAL T 0.1 pF
INA INB T
5V
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$ ySIGNIFICANT
2%z TR,
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(QA) ¢ v
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4 750
(@B) l¢
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51 14
@ e
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s
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7
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Figure 1 You can add a multisegment bar-graph display to a microcontroller that

has only one output line.
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Figure 2 During the first pulse of the
microcontroller's output-pulse
sequence, the NAND gate’s output
clears the shift register and lights all
of the display’s segments.

the microcontroller’s output pulses
loads a high to one of IC,’s outputs.

Note that shift register IC,’s QA out-
put connects to the bar graph’s most sig-
nificant segment. Hence, the first pulse
switches off the most significant seg-
ment. Starting with the most signifi-
cant segment, for (8—N) pulses, 8—N
segments switch off, and N segments
beginning with the least significant seg-
ment remain lighted. Using this
reverse logic takes advantage of the
shift register’s outputs’ ability to sink
more current than they can source—38
versus 0.4 mA, respectively, and thus
produce a brighter bar-graph display
without adding output buffers. Figure
2 shows a sample timing diagram that
lights five of eight display segments.

If a second output-port line is avail-
able, you can omit using monostable
multivibrator IC and NAND gate IC,
and use the second port to clear the
shift register by outputting a zero when-
ever the bar graph requires an update.
To obtain finer resolution, you can add
segments to the bar graph by cascading
additional shift registers. To light N seg-
ments of a display that is M segments
long, the first output port sends M—N
pulses to the shift register’s clock input.

This design lends itself well to situa-
tions in which unused I/O-port lines are
at a premium, as is the case for micro-
controllers with reduced pin counts, or
if you need to retrofit a bar-graph dis-
play by adding a daughterboard to a
design.EDN



3V TO 5V LED DISPLAY DRIVERS
SIMPLIFY SOFTWARE AND SPEED
DEVELOPMENT

Interface Directly to Main pP with Integrated Multiplex Engine,
Digital Brightness Control, Blink, and Fonts

The MAX6950-MAX6959 are LED display drivers for 5 x 7 matrix and 7-, 14-, and 16-segment displays.
These devices feature an integrated multiplex engine, fonts, keyscan, blink, and intensity control. Easily
controlled through a serial interface by the main microprocessor (uP), these display drivers eliminate the
need for a separate front-panel microcontroller (uC).

3VA55V
(
(
(
MAXI
PROCESS A PROCESS D MAX6950
PROCESS B SERIAL |NTE- SEGO-SEG8 ’
9
PROCESS C DE=te
A,
"’o% |
d‘& |/
¢ Choice of Serial Interface ¢ Embedded ASCII Fonts
+ 400kHz I*C*-/SMBus™-Compatible ¢ Integrated Keyscan (MAX6954/MAX6955/MAX6959)
+ 26MHz SPI™-Compatible ¢ Available in Space-Saving Surface-Mount and
4 Power-Saving 3V Operation DIP Packages
Interface Supply . Total No.

Part (Hz) (V) Display Type of LEDs Fonts Package
MAX6950 26M SPI 271055 5 digits/7 segment + DP 40 Hex 16-QSOP
MAX6951 26M SPI 271055 8 digits/7 segment + DP 64 Hex 16-QSOP

. . 104 fixed plus 24
2 } _
MAX6952/MAX6953 | 26M SPI/400k 14C 271055 4 digits/5 x 7 matrix 140 user-definable characters 40-DIP/36-SSOP
16 digits/7 segment + DP 104 fixed plus 24
2 N _
MAXB6954/MAX6955 | 26M SPI/400k 14C 271055 8 digits/14 or 16 segment + DP 128 user-definable characters 40-DIP/36-SSOP
! 28-DIP/SSOP,
2 . f
MAX6956/MAX6957 | 400k 1<C/26M SPI 271055 Static (any type) 200r28 40-DIP/36-SS0P
MAX6958 400k 12C 3t055 4.5 digits/7 segment + DP 36 Hex 16-DIP/QSOP
MAX6959 400k 12C 3t05.5 45 digits/7 segment + DP 32 Hex 16-DIP/QSOP

*Purchase of I°C components of Maxim Integrated Products, Inc., or one of its sublicensed Associated Companies, conveys a license under the Philips I°C Patent Rights to use these compo-
nents in an I°C system, provided that the system conforms to the 1°C Standard Specification as defined by Philips.
SPI is a trademark of Motorola, Inc. SMBus is a trademark of Intel Corp.
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www.maxim-ic.com

FREE Display Design Guide—sSent Within 24 Hours!

CALL TOLL FREE 1-800-998-8800 (7:00 a.m.—5:00 p.m. PT)
For a Design Guide or Free Sample
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The Maxim logo is a registered trademark of Maxim Integrated Products, Inc. The Dallas Semiconductor logo is a registered trademark of Dallas Semiconductor Corp.
© 2006 Maxim Integrated Products, Inc. All rights reserved.
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Meet Jessica Leung, nine years old and first place winner of the “Design a LeCroy Ad” Contest.
Savvy, smart, artistic, full of insights into what makes a great product... and a great ad.
Congratulations, Jessica!
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Network performs high-speed data-line termination

Performing termination for high-speed memory buses, the BB1110RC resis-

tor-capacitor network also includes decoupling functions for high-frequency
data-line drivers. Features include nine 500} resistors in series with nine X5R 10V/0.1-
WF capacitors in a center-bused schematic, a +1% resistor tolerance, a +10% capac-
itor tolerance, and a 200-ppm/°C TCR. Providing a 0.05W resistor-power rating and
a 1W overall package power rating, the BB1110RC costs $1.

Bl Technologies, www.bitechnologies.com

Electrically programmable
resistors come in
dual configuration

The Rejustors target analog-com-

pensation problems in the analog
domain. Available in an SOIC-8 config-
uration, these electrically programmable
resistors are user-programmable to a fixed
resistance with high precision and sta-
bility. You can adjust these devices hun-
dreds of times, and they maintain the
most recent adjustment state when in
storage for extended periods. After trim-
ming, these passive devices require no
power to hold their value. Available in
dual configurations including 4.7-, 10-,

and 15-kV options, Rejustors cost 30
cents to $1.50, depending on packaging
and volume. Trimming tools, including
the MBK-408 and Matchbox, are avail-
able to develop familiarity with the
Rejustor.

Microbridge Technologies, www.
mbridgetech.com

Thick-film chip-resistor
dividers come in
versatile packaging

A small 2512 case and a choice of

top-only or wraparound termina-

tions make the CDHV thick-film chip-
resistor dividers appropriate for high-volt-
age power supplies, power-switching
equipment, and inverter controls. Fea-
tures include less than 0.03% ratio sta-
bility at full power, a 3-kV handling volt-
age, and a 100-ppm/°C TCR. The CDHV
costs $1.95.

Vishay Intertechnology, www.
vishay.com

Ceramic multianode chip
capacitors have low ESR
The CoreCAP NPV series of nio-

bium-oxide ceramic multianode
chip capacitors target power-management
decoupling and dc/dc-converter filtering.
The devices feature low ESR (equivalent
series resistance), high ripple-current
absorption, and
high reliability.
Aiming at tele-
com-network-
ing, servers, em-
bedded-comput-
er systems, and
notebook-com-
puter markets,
the series fea-
tures less than 3-
m{) ESR rates
and a 560-wF capacitance range with a
+20% capacitance tolerance. Supporting
a —55 to +105°C temperature range, the
CoreCap NPV series chip capacitors cost
$1.28 (10,000).
AVX Corp, www.avx.com

DPP offers
an alternative to DACs

Adding to the vendor’s DPP (dig-

itally-programmable-potentiome-
ter) family, the 15V, 128-tap, 7-bit CAT-
5133 targets calibration and control func-
tions in high-voltage consumer, indus-
trial, and medical applications. Func-
tioning as an alternative to DACs and

JULY 6, 2006 | EDN 93



oroductroundup

PASSIVES

mechanical potentiometers, this device requires no external
memory or additional interconnects. Instead of a charge pump,
the units have a separate input for an analog supply as high as
15V, providing the high-voltage bias for potentiometer termi-
nals and eliminating charge-pump noise. An on-chip non-
volatile EEPROM retains settings if power is lost. You can pre-
set the wiper position to any position on the device, and, on
power-up, the wiper goes to the preset position stored in the
EEPROM. The DPP uses an increment/decrement interface and
costs 88 cents (1000).

Catalyst Semiconductor, www.catsemi.com

Power wirewound resistors
have 60W power ratings
Capable of handling overload conditions, the high-pow-

m ered, flameproof PW and PWR series power wirewound
resistors come in high-temperature ceramic shells and with 60W/
power ratings. The devices target industrial, automotive, and

DOWNLOAD our free CAD so

DESIGN your two or four layer PC board

SEND us your design with just a click

RECEIVE top quality boards in just days

expresspcb.com
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appliance applications. The PW series features 2 to 25W power
ratings in axial-lead configurations and 20 to 60W in radial-
terminal configurations; these devices are available in 0.10)
to 30 k() resistance values, at =5% or =10% tolerances. TCRs
are 300 to 5500 ppm/°C. PWR-series resistors are radial-lead-
ed devices with 3 to 10W power ratings, 0.10€ to 18 k() resist-
ance values, and £5% or =10% tolerances. Devices in the PW
series cost 15 to 20 cents (10,000), and PWR-series devices cost
43 cents (10,000).

IRC, www.irctt.com

INTEGRATED CIRCUITS

Radio-transmitter IC
has high power efficiency

Claiming 30% lower battery-power consumption at the

same transmission range as competing products, the
MICRF405 radio-transmitter IC offers ASK/OOK (amplitude-
shift-keying/on-off-keying) and FSK (frequency-shift-keying)
modulation and covers the 315-, 433-, 868-, and 915-MH:z
bands. This device addresses the trend of migration from sim-
ple ASK/OOK-modulation devices to FSK devices featuring
higher output power and longer range. Targeting high-end
remote keyless entry, automatic meter reading, building auto-
mation, and industrial-control applications, the IC costs $1.48
(10,000).

Micrel, www.micrel.com

Analog switch handles
negative signals

Handling negative signals with a single positive power

supply allows the MAX4910 quad SPDT (single-pole-
double-throw) analog switch to reduce external component
count and improve audio-signal quality. This device depletes
the capacitive charge that builds up on the unconnected port
of the switch to ground, reducing audio click-and-pop sounds.
Features include a 0.37€) on-resistance, a 0.35() on-resistance
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flatness, and a 0.05% total harmonic dis-
tortion. Operating from —40 to +85°C,
the device comes in a 3X3-mm TQFN-
16 package and costs $1.34 (1000).
Maxim Integrated Products,
www.maxim-ic.com

Versatile RF synthesizers
have a high output
frequency

N This STW8110X family of inte-

grated single-chip RF synthesizers
with embedded VCOs (voltage-con-
trolled oscillators) has an available out-
put frequency greater than 3 GHz. Target-
ing radio applications from cellular base
stations to satellite communications and
CATV equipment, the device has 0.2°
rms at 1 GHz, 0.5° rms at 2 GHz, and 1.3°
rms at 4-GHz measured values with a
200-kHz frequency step. The devices
have automatic center-frequency cali-

bration and a multiple-output option,
allowing them to operate at multiple
bands over a 750-MHz to 4.65-GHz spec-
trum. The product family also features a
dual digital interface with I*C protocol for
connecting multiple devices, and an SPI
bus. The STW81101 and STW81102
cost $3 each.

STMicroelectronics, www.st.com

Power amplifier targets
enhanced-data-rate
Bluetooth applications

Using a miniature power amplifier,

the SE2425U RangeCharger 1Cs
target standard Bluetooth and EDR
(enhanced-data-rate) applications. Based
on a high-efficiency silicon-germanium
architecture, the amplifier allows EDR
support over longer distances for Blue-
tooth-capable cellular handsets, PDAs,
wireless headsets, laptop computers, and

cordless telephones. The Bluetooth SIG
(Special Interest Group) developed the
EDR protocol, which enables Bluetooth
wireless connections with 3-Mbps band-
width, boosting transmission ranges to
100m. This integrated power amplifier in-
cludes an input match, interstage match-
ing, and CMOS-enable circuitry. Available
in a 3X3X0.5-mm QFN-16 package, the
SE2425U costs 95 cents (10,000).

SiGe Semiconductor, www.sige.com

Analog switches provide
low on-resistance

Three dual SPDT (single-pole-

double-throw) monolithic CMOS
analog switches target use in portable and
battery-powered products. Available in
lead-free DFN-10 or MSOP-10 packages,
the DG2731, DG2732, and DG2733 ana-
log switches use a submicron-CMOS-
low-voltage-process technology that
provides 300-mA latch-up protection
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New Dual Isolated Outputs VV Series
to 250 VDC Isolated Output Up to 10,000 VDC Output

Thru-Hole and Surface Mount Up to 10 Watts

New AV Series
Isolated

100 to 5000 VDC Output
Surface Mount/Thur-Hole

A/SM Series
Surface Mount/Thur-Hole ‘
Isolated

3.3 to 1000 VDC Output

AVR Series
Regulated to IKV
Low Noise

M/MV Series

Military Components

Military Environmental .

Testing Available % P/HP/XP Series

3.3 to 500 VDC HIGH POWER
3.3 to 350 VDC

Output
Isolated to
300 Watts

HVP Series
Programmable to
6000 VDC Output

LV/HV Series

36 to 170 Inputs
Terminal Strips
PC Board Mount
3.3 to 48 VDC Output

OR/IR/JR/KR Series
Wide Input Range

8 to 60 VDC

2 to 100 VDC Output

Regulated LF/LM/FM Series

-40° and -55° to +85°C
Operating Temperature

3.3 to 350 VDC outputs
in 1/2 Brick and Full Brick

LP Series

Wide Input Range
* MILITARY Watts to 75 Watts
¢ INDUSTRIAL 2 to 100 VDC Output Full Brick

Also AC-DC single and/or 3 Phase. Power Factor Corrected. 3 Watts to 2000 Watts Models.
Electronics, Inc. 143 Sparks Ave. Pelham, NY 10803
e Call Toll Free 800-431-1064 ¢ Fax: 914-738-8225 A

SURFACE MOUNT + MILITARY UPGRADES + 2500 Standard Models * Custom Models oo
www.picoelectronics.com
E-mail: info@picoelectronics.com @
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that complies with JESD78. Operating
from single 1.6 to 4.3V supplies, the
switches feature a 0.4} on-resistance at
maximum power and a 0.03€) delta on-
resistance, lowering distortion and im-
proving signal fidelity. A logic compati-
bility of 1.6V eases interfacing with low-
voltage DSP or microcontroller logic.

One-cell lithium-ion batteries directly
power the switches, which, at 4.3V, have
a 50-nsec turn-on time and a 14-nsec
turn-off time. The DG2731 and DG2732
have two control pins with reverse-con-
trol logic; the DG2731 has two switches
that are normally open and two that are

normally closed, and the DG2732 has

EMBEDDED SYSTEMS

AdvancedTCA backplane
uses dual-star and mesh

configurations
This 14-slot Advanced TCA full-
mesh backplane features an 18-
layer stripline design with a pluggable fan
tray, a shelf manager, and power-entry
connectors. Dual-star- or mesh-configu-
ration options allow engineers to in-

crease design flexibility. AdvancedTCA
features include gigabit-per-second/ter-
abit-per-second bandwidth across each
shelf, 150 to 200W per board, and 3 kW
per chassis power. Accommodating
8UX280-mm boards on a 1.2-mm pitch,
the 14-slot AdvancedTCA backplane
costs $2000.

Elma Bustronic Corp,
www.bustronic.com

three normally open switches and one
normally closed switch. The DG2733 has
two normally open and two normally
closed switches, as well as an “enable” pin
for situations in which the logic is high.
The switches cost $1.40 each (1000).
Vishay Intertechnology, www.
vishay.com

Rugged Flash disk
card comes in XMC
and PMC formats

Suiting applications in harsh en-
vironments that deal with extreme
temperature, shock, or vibrations and mak-
ing use of mechanical hard-disk drives im-
practical, the PBOD Flash-disk PMC or
XMC card provides 64 Gbytes of high-
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=NERGY DEVICES

No worries.
Your NeoCapacitor
is here.

Ultra-low ESR tantalum capacitor:
The smart choice for
designers and developers

Polymer Capacitor

NeoGCapacitor

[J][P]2[A]e[B2|c2 [C][V][D]

For product and support details, visit
http://www.nec-tokin.com

NEC/TOKIN

www.nec-tokinamerica.com

NEC TOKIN America Inc.

(Headquarters & Western Area Sales)

32950 Alvarado-Niles Road, Suite 500, Union City,
California 94587, U.S.A.

Phone: 510-324-4110 Fax: 510-324-1762
Northeast Sales Office(Chicago Office)
Phone:1-630-613-7225 Fax:1-630-613-7001
Southeast Sales Office(Austin Office)
Phone:1-512-219-4040 Fax:1-512-219-4007

NEC TOKIN Corporation

Global Marketing & Sales Division:Tokyo, Japan
Tel: 81-3-3515-9220 or visit www.nec-tokin.com
Offices in Germany, France, UK, Sweden,
Hong Kong, Shenzhen, Shanghai, Taipei,
Singapore, Malaysia, Bangkok, and Seoul
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speed storage. Features include as many
as 10 Mbps; more than 40 Mbps of
aggregate performance; software support
for multiple RAID levels; and a PMC
32-bit, 33/66-MHz, or XMC one-lane
PCI Express card. Offering LO, L50, and
L100 air-cooled configurations, the de-
vice also comes in L100 and L200 con-
duction-cooled ruggedized levels. Also
available in 16-, 24-, 32-, and 64-Gbyte
configurations, an 8-Gbyte PBOD costs
$2500.

Curtiss-Wright Controls Embedded
Computing, www.cwcembedded.com

CPU features Dual-Core
Intel Xeon processor

The Eurocom 400 CPU features

the 2-GHz Dual-Core Intel
Xeon LV processor with a COM Express
platform. The device yields a higher sys-
tem performance using the E7520 chip
set and an eight-lane PCI Express con-
nection to the carrier board. The mod-
ules allow simultaneous data transfer on
gigabit Ethernet and simultaneous access
to RAID, allowing the implementation
of 4 Gbytes of RAM with ECC. Ad-
ditional features include 31W power
consumption and internal graphics.
Auvailable with a carrier board with com-
plete I/O for development and standard
production applications, the Eurocom
400 COM Express module costs $1499.
American Eltec, www.american
eltec.com

Evaluation platform
supports the vendor’s
8051 microcontroller

The VersaKit-20xx evaluation

platform provides support for the
VRS51L2070 Versa 8051 microcon-
troller. Allowing system prototyping
and design development, the kit in-
cludes a development board, a Versa-
JTAG programming/debugging inter-
face, a DB25 parallel cable, and a power
supply. The VersaKit-20xx costs $99.
Ramtron Internation Corp, www.
ramtron.com
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Your first look at new analog and mixed-signal ICs

Power Management

New CPU power controller enables greater system stability and
Power Controllers for [,‘gmpulers, reliability for computing and gaming platforms

| 0’85 The ADP3192 is an advanced power controller IC for notebook, desktop, and gaming platform
applications. The ADP3192 combines ADI’s proprietary enhanced pulse-width modulation (EPWM)
| [y aNLos and Flex-Mode™ architectures that provide faster response time and regulation of power supplies
E— while at the same time dramatically reducing the number of on-board capacitors by up to 50%, giving
| ADP3192 designers the tools needed to reduce overall board space by as much as 30%, and lowering
e ! motherboard costs by as much as 15%. The ADP3192 is specifically designed to predict and adjust
to accommodate system power transients, thus ensuring a more stable operating environment. The
ADP3192 comes in a 6 mm X 6 mm, 40-lead LFCSP package.

Servers and Gaming Cons

ADP3192 $1.30

World’s smallest I°C® inductor flash LED driver dramatically extends
battery life in portable electronic devices

The ADP1652 is a new I°C-enabled IC solution designed for high efficiency flash solutions in handsets.
The solution provides up to 52 lumens of brightness in flash mode, and achieves 92% of boost
efficiency in video mode. With only four external components, this solution fits in an ultracompact
s 8 6 mm x 6 mm footprint. The ADP1652 dramatically extends battery life for new generations of low
~' ; . W profile camera-enabled handsets, without sacrificing space budget. The ADP1652’s integrated 1°C

! . _ \ interface enables full digital programmability of the drivers’ current and the flash timer. The ADP1652
‘ comes in a compact, 3 mm X 3 mm, 16-lead LFCSP package.

ADP1652 $1.95

For FREE samples, data sheets, and more information on these products,
go to www.analog.com/currentsquarterly.
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RF and Communications

Symmetrical Multiplier

ADL5391

* DC to 2GHz
* 4 quadrant

*3mm x 3mm LFCSP W=aXY1V+Z

More Accurate
RF Measurement and Control

)

O | ImmXimm
ADLSS00 - | atest rms TruPwr™ power detector
- WiMAX, CDMA, CDMA2000°, W-CDMA

ANALOG
DEVICES

250 MHz to 4 GHz Family of

ANALOG 1
DEVICES |

RFIC
| ADL537x

DC to 2 GHz analog multiplier delivers gain and modulation control within
wideband communications applications

In wideband communications applications such as adaptive antenna systems and power amplifier
correction circuits, the task of multiplying high frequency analog signals for gain and modulation control
can now be realized by Analog Devices’ latest dc to 2 GHz analog multiplier. Drawing on three decades
of experience in advanced analog multiplier products, the new ADL5391 allows fully symmetrical linear
control of the IC’s three inputs interfaces: X, Y, and Z. If you are seeking versatility in function synthesis
via the math function, W = aXY/1V + Z, then visit our website to learn more about the ADL5391, view
the data sheet, and order samples. And don’t forget that ADI also has a broad range of mixers, modulators,
multipliers, demodulators, detectors, frequency synthesizers, and VGAs, as well as converters and other
RF/IF products.

ADL5391 $4.98

Power accurate RF measurement and control in a small package

The ADL5500 offers unrivaled temperature stability and accuracy while measuring the rms/TruPwrm™ level
of complex waveforms used in 3G+ communication systems. The small size and high level of integration
are additional features that make the ADL5500 ideal for cellular handsets where size and power
consumption are very critical. Not all customers are comfortable handling and manufacturing their end
products with such a small device. To meet their requirements, ADI has developed the ADL5501, which
implements these performance features of the ADL5500 in a small, 6-lead SC70 package with a footprint
of less than 2 mm x 2 mm. The ADL5501 offers increased flexibility by including one pin for an optional
external filter capacitor and another for an enable pin.

ADL5500
ADL5501

$0.90
$0.90

New family of pin-compatible modulators delivers best performance and
value from 250 MHz to 4000 MHz

Selecting a single broadband direct conversion modulator to handle the multitude of frequency bands
used in wireless and broadband communications networks results in many trade-offs and performance
degradation at the extreme ends of the device operating frequency. These performance trade-offs are
further compromised by part-to-part and temperature variations. ADI’s new family of FMOD ADL537x
series of modulators are pin-compatible, sharing the same 24-lead, 4 mm x 4 mm LFCSP package, and
cover a frequency range of 50 MHz to 4 GHz. The FMOD family provides the highest output power and
linearity, alleviating the problem associated with devices that degrade in performance at the extreme end
of their frequency bands. Each family member is optimized for a specific band of operation, offering
outstanding dynamic range at the highest possible output power. The new FMOD family is the ideal
choice for direct conversion applications supporting 2G, CDMA, GSM, new 3G-CDMA radios, and future
4G, WiMAX, and 3.8 GHz radios.

ADL5370
ADL5371
ADL5372
ADL5373
ADL5374

$4.98
$4.98
$4.98
$4.98
$4.98

For FREE samples, data sheets, and more information on these products,
go to www.analog.com/currentsquarterly.



Data Converters

AD7294 Multichannel I/0 with
High- llnltayedl,'omnliance

Industry's Smallest
16-Bit Quad DAG

Also includes 5ppm on-chip reference

Multichannel 1/0 data converter with high voltage compliance
for wireless base station

The AD7294 multichannel input/output (1/0) data converter integrates, in a single chip, all the functions
required for the monitoring and control of current, voltage, and temperature in wireless base stations. It
integrates a 4-channel, 12-bit DAC, a 9-channel, 12-bit ADC, two high-side current sense amplifiers, and
three temperature sensor channels (one internal, two external). This solution improves performance and
reliability, and significantly reduces component count and cost, when compared with traditional solutions
that consisted of many discrete components. The AD7294 is an easy to use, compact solution for wireless
base station designers. Comes in an 8 mm X 8 mm, 56-lead LFCSP package and a 64-lead TQFP.

AD7294  $9.00

The industry’s smallest, most integrated 16-bit quad DAC

The AD5664R is the industry’s first 16-hit quad DAC in a compact, 3 mm X< 3 mm, 10-lead LFCSP. It
offers 16-bit resolution at a 70% reduction in board space over existing solutions. Not only is this the
smallest DAC in its category, it also integrates an on-chip 5 ppm/°C reference. Consuming only 5 mW at
5V, the combination of performance, integration, and small footprint is ideal for designers of PLC cards,
analog 1/0 boards, and many other space-constrained systems. The AD5664R is part of a family of
devices providing 12-bit to 16-bit pin-compatible solutions for process control, data acquisition systems,
portable battery-powered instruments, and digital gain and offset adjustment.

AD5664R  $10.45

18-hit, single-channel DAC is newest member of nanoDAC® family

The AD5680 is a single-channel, buffered voltage-output DAC that combines 18-bit resolution and 12-bit
accuracy, in a space-efficient, 8-lead SOT-23. It is ideal for low bandwidth (1 kHz range), space-constrained,
closed-loop, process control applications that require precision control. It has an on-chip output amplifier,
operates within an extended industrial temperature range of —40°C to +105°C, and dissipates just 750 pW
at5 V.

AD5680 $3.39

For FREE samples, data sheets, and more information on these products,
go to www.analog.com/currentsquarterly.



Switches

Industry’s Lowest Gapacitance
and Charge Injection Switches

77% reduction in board space

JEENERNYY

ANALOG ANALOG
DEVICES DEVICES
ADG1233 ADG1234

FEFFFFFY FEPEFFFFY

Switches offer industry’s lowest capacitance and charge injection for high
end data acquisition applications

The ADG1233 and ADG1234 are triple and quad SPDT +15 V/+12 V i{CMOS™ switches, and deliver the
industry’s lowest capacitance and charge injection. These devices meet a need among industrial design
engineers for analog switches that increase data acquisition speeds. Their low off capacitance (1.5 pF) and
charge injection (<1 pC) make them ideal for high end data acquisition and sample-and-hold applications
that require low glitch and fast settling times. The ADG1233 triple SPDT is provided in 16-lead TSSOP and
4 mm X 4 mm LFCSP packages, and the ADG1234 quad SPDT is offered in 20-lead TSSOP and 4 mm X
4 mm LFCSP packages.

ADG1233 $3.95
ADG1234 $3.95

Data And Power Isolation
In One Package

e {Coupler® technology in 8-lead SOIC package

* 80% smaller and 60% less expensive than
optocoupler-plus-DC/DC solutions

A/D Converters

Dual-channel digital isolators with integrated dc-to-dc converter provide
data and power isolation in one package

ADI’s industry-leading family of iCoupler® digital isolators is extended with the introduction of the
ADuM524x products that integrate a 50 m\W isolated power supply with two digital signal isolators in an
8-lead SOIC package. The products incorporate ADI’'s new proprietary isoPower™ technology, using chip
scale transformers to convey data and power across an isolation barrier. This eliminates the need for
complex, sizeable, and costly combinations of optocouplers, transformers, and other components, thereby
reducing cost by as much as 70% and board space by as much as 80%. All come in narrow-body SOIC
8-lead packages.

ADuM524x  $2.95

Low Noise, High IF

& LSamnlmy nm.'

. Superlor SNR of 79dB

* [F sampling rates up==
10.130. MSPS

50fs jitter—15% less than
existing solutions

: I} DEVICES
AD9460/61

-

New wideband ADCs deliver true 16-bit resolution for instrumentation,
radar, medical imaging, and communication systems

The AD9460 and AD9461 provide 16-bit performance at up to 130 MSPS, enabling the high dynamic range
required for signal analysis, radar, magnetic resonance imaging (MRI), and multicarrier/multi-std wireless
communications systems. In these designs, higher ADC sampling rates allow engineers to capture and
digitize wider signal bandwidths and to handle higher Tesla magnetic fields for superior imaging in MRI.
In addition, the AD9460 and AD9461 operate with lower power to aid in multichannel systems. The
AD9460, offered at 80 MSPS and 105 MSPS sampling rates, consumes 1.4 W and 1.6 W, respectively. At
its highest sampling rate of 130 MSPS, the AD9461 consumes 1.9 W. Both devices are packaged in a
Pb-free, 100-lead TQFP/EP surface-mount package.

AD9460-80  $48.33
AD9450-105 $56.67
AD9461-130 $65.00

For FREE samples, data sheets, and more information on these products,
go to www.analog.com/currentsquarterly.
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New 12-bit, 250 MSPS, high performance A/D converter brings power
consumption below the 500 mW barrier

The 12-bit, 250 MSPS AD9230 is the flagship device in a family of pin-compatible, low power, single-supply
1.8 V converters. The AD9230 dissipates only 425 mW of power at full sampling rate and is capable of
ANALOG s maintaining excellent SNR (65.5 dBFS) and SFDR (82 dBc) with a 70 MHz input. The device, when used in

oaa convenren 3 S the transmit path of picocell or microcell base stations to optimize power amplifier linearization, also

AD9230 facilitates more rapid system deployment by enabling smaller-sized end systems. In cable termination
: systems, growing demand for digital cable services is placing greater emphasis on bandwidth, calling for
low power ADCs that allow higher channel density. The AD9230 is offered in three speed grades
(250 MSPS, 210 MSPS, and 170 MSPS), and the fully pin-compatible 10-bit version, the AD9211, is also
A T A offered in three speed grades (250 MSPS, 200 MSPS, and 170 MSPS).

FREQUENCY (MHz)

AMPLITUDE

AD9230-170 $35.00
AD9230-210 $42.00
AD9230-250 $59.00
AD9211-170  $25.00
AD9211-200 $32.00
AD9211-250 $39.00

I Low power, 8-channel, 12-hit and 10-bit ADC family provides LVDS
S — i interface, excellent dynamic performance at 65 MSPS, and small
a1 package size for high density applications
;:;;gv:-i-; o The AD9222 and AD9212 devices (12-bit/10-bit, respectively) provide eight channels of A/D conversion and

o dissipate only 119 mW per channel while operating at the full 65 MSPS. These devices represent a 30%
smaller footprint and 4% to 5% less power than competing devices on the market. The ADCs contain

150 :ll |

= several features designed to maximize flexibility and minimize system cost, such as programmable clock
) E— B EB and data alignment and programmable digital test pattern generation. The available digital test patterns
w:-i-i oes include built-in deterministic and pseudorandom patterns, along with custom user-defined test patterns
& entered via the serial port interface (SPI1). The AD9222 and AD9212 are available in a Pb-free, 64-lead LFCSP

package and are specified over the industrial temperature range of —40°C to +85°C.

AD9212-40  $32.00
AD9212-65 $40.00
R e o AD9222-40  $44.00
AD9222-65 $65.00

Class-D stereo audio amplifiers for advanced TV and automotive applications

The AD1994 Class-D amplifier integrates a stereo =-A modulator and stereo “bridge-tied” load (BTL) power
':‘? stage onto a single die capable of delivering 50 W of continuous power without a heat sink. The new 3-A
o F j modulator architecture uses a patented dynamic hysteresis algorithm to achieve audiophile performance
i Amqr MR [N (THD < 0.005%, SNR > 105 dB) without compromising efficiency. The closed-loop architecture and
k::mm_:_ﬂ continuous-time modulator front end achieve a PSRR > 65 dB, and the stereo BTL power stage requires
only a single supply that can operate over a wide voltage range. The >-A modulator in the AD1994,
designed to minimize radiated and conducted EMI and RF emissions, can optionally be used to drive
‘* external power devices to achieve arbitrarily high output power. The device is packaged in a 64-lead LFCSP

2 80%;to 0% efficient and operates over the —40°C to +85°C temperature range.
S Sall gat il

AD1994 $4.42

For FREE samples, data sheets, and more information on these products,
go to www.analog.com/currentsquarterly.
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Ultralow Power Integrated
Video Buiter and Filter

S=Lowiuiescentcurrent: 1.85 mA typ
=¥\dB fiatnessoutto 8 MHz
Eo0.dBYejectionat 27 MHz

* Ultra low offsetvoltage:150,uVimax:
* High CMRR/PSRR:1i15/dBimin
e Phase margin: 80/degrees
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Ultralow power, Sixth order video filter with
power-down

The ADA4430-1 is a fully integrated video reconstruction filter that
combines excellent video specifications with low power consumption
and an ultralow power disable, making it ideal for portable video
applications. With 0.5 dB frequency flatness out to 7 MHz and 50 dB
rejection at 27 MHz, the ADA4430-1 is ideal in SD video applications,
including NTSC and PAL. The ADA4430-1 operates on single supplies
as low as 2.65 V and as high as 6 VV while providing the dynamic range
required by the most demanding video systems. The ADA4430-1
is available in a 6-lead SC70 package and is rated to work in the
extended automotive temperature range of —40°C to +125°C.

ADA4430-1  $0.49

High precision, ultralow offset op amp

The OPO7D is a low cost option of the OP0O7 family with voltage
offset performance of 150 wV max. The OPO7D is a precision,
ultralow offset amplifier that integrates low power (1.1 mA typical),
low input bias current (=1 nA maximum), and high CMRR/PSRR
(130 dB). Operation is fully specified from =5 V to =15 V supply.
The OPO7D provides higher accuracy than industry-standard
0PO07-type amplifiers due to the Analog Devices iPolar™ process,
which supports enhanced performance in a smaller footprint. The
OPO7D is fully specified over the extended industrial temperature
range of —40°C to +125°C. The OPO7D amplifier is available in
8-lead DIP and the popular 8-lead, narrow SOIC lead-free packages.

0P07D  $0.44

All prices in USD for quantities greater than 1000 (unless otherwise noted), recommended lowest grade resale, FOB U.S.A.

Purchase of licensed I°C components of Analog Devices or one of its sublicensed Associated Companies conveys a license for the purchaser under the
Philips I)C Patent Rights to use these components in an *C system, provided that the system conforms to the *C Standard Specification as defined by

Philips.

© 2006 Analog Devices, Inc. Al rights reserved. Trademarks and registered trademarks are the property of their respective owners.
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Instant LCD
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Up  Faster
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* Versatile Programmable Module
« Serial/?C/USB/Parallel Interface
« AVR/BASIC Stamp/VB Compatible
« Onboard Flash Bitmap Memory
* Downloadable TTF Fonts
*2.7” or 5.6” TOUCH Color TFT LCD
* 240x160 or 320x240 resolutions
« Transflective w/ LED Frontlight (2.7”)
« Transmissive w/ 350 nit backlight (5.6”)
512 colors or 65,535 colors

EARTH

.COM \We Make IU&B)s Work.™

Need to build
a C compiler
or assembler?

You can create efficient program-
ming tools quickly using Archelon's
User Retargetable Development
Tools. Or we can help you with the

work to get the job done faster.
Want to know more?

See http://www.archelon.com
or call us at (800)387-5670

| ~ARCHELONY

ks Emulation Technology, Inc.

» Bandwidth - up to 30 GHz

« 7 different socketing systems
* Ask about our "ASAP Service"
» Adapters and Receptacles too!

MORE THAN A BOX!|

ELECTRONIC
ENCLOSURES

g -:f

www.PelicanOEM.com

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

Complete Ultrasonic
Ranging Sensor - JJJZ rj;j///

e in One

m 6" to over 40'!
rements, Liquid or

o~ 4-953-4783
SensComp’ 734-953-4518
.senscomp.com

One size does not fit all.
And one solutlon don’t fit all!

» Development & Production Applications
* Surface Mount, Thru-hole, Compression Style
* BGA, LGA, CSP, QFP, MLF, SSOP, SOT and more!

ASAP

SERVICE

DESIGNING SOLUTIONS. CONNECTING TECHNOLOGY. DELIVERING RESULTS. SINCE 1983
Learn more, visit us online:www.emulation.com/049
408-982-0660 - www.emulation.com

oroduct

This advertising is for new
and current products.

SensorCore(SC) caense

Low Cost Data Acquisition
System with 48 24-bit ADCs

© Directly work with Thermocouples, Strain gauges . . .
© 100 M BaseT, FAT file system and CompactFlash.
©2.0"x4.5", C/C++ programmable, 80MHz x86,
48 24-hit ADCs, DAC, RS232, I/0s. Standalone SBC.
50+ Low Cost Controllers with ADC, DAC, UARTs, 300 1/0s,

id, relays, C Flash, LCD, Ethernet, USB, motion
control. Custom board design. Save time and money.

1724 Picasso Ave., Svite A
Davis, CA 95616 USA

TERN Tel: 530-758-0180 » Fax: 530-758-0181
www.tern.com
INC. sules@tern.com [@

How to keep track of it all?

Easily create and manage multi-level
parts lists and specs, calculate costs,
generate shopping and kit lists, print
labels, generate RFQs and POs and
much more...

Parts List Manager
and Vendor Database

Get the full function DEMO at
www.trilogydesign.com

Trilogy Design / 200 Litton Dr. #330
Grass Valley, CA 95945 / 530-273-1985
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YESTERDAY’S HYPE MEETS TODA REALITY

ation with integral hard drive, more than 1 Mbyte of memory, GUI, and mouse

Xerox Star: The pioneer always gets the arrows

N Few mistakes in the technological world are as deadly as the decision to lead the way with a brilliant product.
That lesson is the big take-away from Xerox Corp’s milestone, the 8010 workstation, better known by the code

name of its software, Star. Gathering up innovations from Xerox PARC (Palo Alto Research Center) that ranged from
microprogrammable CPUs to Smalltalk to the Ethernet to the mouse, Xerox took a technological leap and created a
workstation that included them all—not just as a collection of hardware, but as components in a whole new way for
humans to work with computers.

The result was a market catastrophe—too early, too expensive, and too slow to break through IT managers’ percep-
tions of reality. But the 8010 became the cache of genius without which Sun, the Apple Lisa, the Macintosh, and
Windows could not have existed. In this case, imitation wasn't sincere flattery; it was a grudging epitaph.—by Ron Wilson

EDN | JULY 6, 2006




NEXXIM®
Time and frequency-domain circuit simulation to predict multi-gigabit channel performance
including S-parameters and transistor-level effects of drivers and receivers

HFSS"/Q3D EXTRACTOR®
GHz-accurate S-parameter and Full-Wave Spice™ models for complex trace routing, vias and
transitions, connectors and IC packages

SIWAVE"™ Fr
Full-board and full-package interconnect extraction for signal and power-integrity analysis MSO

DESIGNERSI™ ANSOFT.COM
System-level signal integrity analysis with dynamic links to Nexxim and HFSS




Cypress PC Peripheral Solutions:

Unleash Your Design Creativity

PRINTER
Capacitive
Touch, USB Port
Expansion, Clock

PRESENTER TOOL
Presenter Tool
on-a-Chip,
2.4-Ghz Wireless

Cypress unlocks the power of

MONITOR
Capacitive Touch,

USB Port Expansion, Clock

performance

in your PC peripheral designs. Our flexible system

solutions get you to market faster, with the

silicon, reference

designs, development kits and firmware to support you

every step of the way.

= Replace buttons and conventional touchpads with our
flexible, PSoC®-based capacitive touch sense solutions:

www.cypress.com/capsense

= Increase optical mouse performance on virtually any surface
with our variable laser tracking technology:

www.cypress.com/mouse

= Add fingerprint security to your thumb drive with our

programmable USB-to-NAND controller:
www.cypress.com/thumbdrive
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WirelessUSB, and V

DOCKING STATION
Port Expansion,
Secure Mass Storage
USB Connectivity

KEYBOARD

Touch, USB Port Expansion

2.4-Ghz Wireless,
KISSBind," Laser Optical
Sensor

2.4-Ghz Wireless, Capacitive

LAPTOP PC

Capacitive Touchpad,

Image Sensor, Programmable
USB Connectivity

MASS STORAGE
Programmable
USB Connectivity,
Fingerprint Sensor

THUMB DRIVE
Programmable
USB-to-NAND

Controller

CYPRESS PC PERIPHERAL SOLUTIONS

Keyboard

APPLICATION NOTES

WirelessUSB™ Interference Avoidance
Calculating Battery Life

Layout Guidelines for PSoC® CapSense
REFERENCE DESIGNS

WirelessUSB Keyboard Mouse with KISSBind™
High-speed USB 2.0 4-Port Hub
DEVELOPMENT KITS

WirelessUSB LP Evaluation Kit

AN4004
AN4002
AN2292

CY4636
CY4602

CY3630

For more whole product information and support, check out our PC
Peripheral Solutions center at www.cypress.com/peripherals
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