8 on a boomerang Pg 60
APRIL Lifetime and reliability
in LEDs and why
Issue 7/2010 SOC designers

e e T should care Pg 4

Manager’s guide to
digital design Pg 15

VOICE OF THE ENGINEER Supply Chain Pg 56

COMING SOON:
3-D TV

Page 24

Design Ideas Pg 45

&7z A

~ MEASURE PROPAGATION = o =
IN ; ; .l‘ N B : ’ | I { ;

Page 36 L5

CONTINUQUS-TIME :
EQUALIZERS IMPROVE

HIGH-SPEED
SERIAL LINKS
Page 40

-
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Product Innovation from Cirrus Logic

VRE100 SERIES
DIP14 PACKAGE

At £0.08755, thisi12-Blilrsystem isi~5X‘more accurate
thanja 16-Bli system over.a —55fC to)+125°C range

Cirrus Logic Voltage References Deliver

Low Temperature Dnift for Better Accuracy
LOW INITIAL OFFSET PEFORMANCE ALSO MINIMIZES IMPACT OF OPERATING CONDITIONS

NORTH AMERICA When your system demands voltage supply accuracy, rely on Cirrus Model Specifications
+1800-625-4084 Logic to deliver. The VRE series of precision voltage references offer  [EEMITT] ({,;';;,';Eg, Feature
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of off-the-shelf solutions, Cirrus Logic can eliminate design cycle
headaches and speed time to market.

TO LEARN MORE ABOUT CIRRUS LOGIC
VOLTAGE REFERENCES,0R TO RECEIVE A
FREE COPY OF THE LATEST VRE PRODUCT

GUIDE, VISIT www.cirrus.com/ednvre . ’ S
For product selection assistance or technical
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Coming soon:
3-DTV

The fact that 3-D is a

hot ticket in tech may

not surprise you. The
fact that it's headed soon to con-
sumers’ homes, however, may sur-
prise—and dismay—cinema owners.

by Brian Dipert,
Senior Technical Editor

4.8.10

contents

LTE in focus

1 As LTE networks roll
out this year, engineers
will be applying various test
scenarios in lab and small-
scale field tests to the LTE
devices and equipment they
are developing.
by Reiner Goetz, Anne
Stephan, and Meik Kottkamp,
Rohde & Schwarz

Expandable 3.6-, 6-, and 13.5-
GHz signal analyzers feature
optional built-in generator
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Single-key capacitive touch
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Efficient LED power supply has battery backup

Complex modulation
comes to optical fiber

Fiber is running out of
bandwidth just as dial-up
lines did years ago. Complex mod-
ulation again solves the problem.
by Martin Rowe,
Test & Measurement World

Measure propagation
delays using time-
domain reflectometry
TDR beats active probes
for high-speed delay
measurements.

by Bernard Hyland,
Maxim Integrated Products

Continuous-time
equalizers improve
high-speed serial links

You can design an effec-
tive serial-channel equal-
izer in a few minutes.
by Sanjeev Gupta, Agilent
Technologies EEsof Division

Single IC forms precision triangular-wave generator
Use a low-cost PWM ramp generator in switch-mode power supplies
MSP430's port-interrupt-request logic helps debounce contacts
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Circuit protection
for outdoor LED lighting
Outdoor LED lighting can be an ef-
ficient, “greener” source of light in addi-
tion to promising a long, maintenance-
free life. However, outdoor LED-lighting
installations can be less reliable than
conventional lighting unless design-
ers add the proper circuit protection to
guard against the most severe overvolt-
age conditions.
www.edn.com/article/CA6721136
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BY RON WILSON, EXECUTIVE EDITOR

Lifetime and reliability in LEDs
and why SOC designers should care

ne of the wonderful things about this job is the chance
tosit in on presentations unrelated to my beat. The sub-
ject of this commentary, a paper at EDN’s “Designing
with LEDs” seminar, is a case in point. In 45 minutes, |
heard some hard-earned lessons from a different world
but with implications for SOCs (systems on chips). The
presenter, Geof Potter, is a power technologist at Texas Instruments.
After a quick review of what goes into an LED-lighting assembly—Dbasi-

cally, a power supply and a bunch of
LEDs—Potter decomposed the lumi-
naire assembly into its components
and discussed the impact of each on
lifetime and reliability.

The two terms are different in Pot-
ter’s world. “Lifetime” refers to the
length of service before the luminaire
falls below some determined fraction
of rated light output. “Reliability” re-
fers to the probability that the lumi-
naire will require repair or replace-
ment during its rated life. It’s possible,
for example, for a luminaire to have a
lifetime of 10 years but still require re-
pairs every three weeks.

[t seems obvious that the shortest-
lived, least-reliable component in the
luminaire would be the LED. It turns
out, though, that if you run the little
guys conservatively and cool them ag-
gressively, they will be fine. The next
most obvious culprit is the fluid-filled
aluminum electrolytic capacitors in
the power supply. Everybody has had
bad experiences with e-caps: aging,
electrical degradation, and a distinc-
tively bad aroma as they near end of
life. According to Potter, however,
when you use them conservatively,
extended-life e-caps have a working

| APRIL 8, 2010

life that can exceed that of the LED
assemblies.

Similarly, optocouplers have been
problems in the past. But high-reli-
ability couplers, properly used, will
have more than adequate reliability.
Cutting costs on these components or
allowing an assembly house to make
unauthorized substitutions will lead to
trouble, however.

Once you've eliminated LEDs and
e-caps as the worst problems, only sol-
der joints remain. According to Pot-
ter, the 50-year-old problem has reap-
peared in LED lighting, and the rea-
sons are unfortunately relevant to
many SOC designs. The key issue is
quality of soldering, Potter said. All
solder joints age, and poor mechanical
connection, contamination, or insuf-
ficient heating greatly accelerates this

/

aging. The lighting market tends to
be highly cost-sensitive, and it heav-
ily outsources the supply chain to low-
labor-cost areas and those more famil-
iar with mechanical assembly than
electronics fabrication.

Furthermore, luminaires can live
in high-stress environments. Think
of an automobile headlamp’s “eye-
brow,” that cute little string of white
LEDs that makes this year’s luxury se-
dans distinctive in the dark. The front
of the car may be moving at 100 km/
hour into a —10°C evening when the
lamps come on, quickly self-heating to
70°C, all while enduring road shocks
and engine vibrations.

Maybe Bosch is comfortable assem-

bling a fixture for this environment,
but is your low bidder in Southeast
Asial Potter’s suggestions are to en-
sure manufacturing quality and min-
imize thermal and mechanical stress.
These approaches may be largely be-
yond the control of the design team,
however, so he stressed another point:
Use the fewest solder joints that you
can.
The SOC world also faces grow-
ing cost pressures, uncertainties about
its customers’ supply chains, and the
need for designs to operate in hos-
tile environments. Potter’s data sug-
gest that, by doing whatever is possi-
ble in the architecture and implemen-
tation of the system SOC to minimize
the number of solder joints in the end
system, you can have a dramatic im-
pact on system reliability and on total
cost of ownership. Ideas such as using
the highest feasible level of functional
integration, absorbing or eliminating
the need for external passive compo-
nents, and minimizing both the num-
ber of pins on the SOC and the num-
ber of lines that must pass through
connectors are not just good practice.
They are becoming differential advan-
tages that can sell—or doom—an en-
tire SOC family.Epn

Contact me at ronald.wilson@reed
business.com.
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RELIABILITY

Mill-Max Mfg. Corp. spring-loaded connectors provide
superior reliability under the most rigorous environmental
conditions, offering:

e Continuous, low-noise electrical connections.

* Spike-free stability to 50G shock and 10G vibration.

¢ Continued high performance

through 1,000,000+ cycles.

¢ Low- and high-profile surface-mount styles.

¢ 45 discrete designs for customer-specific assemblies.

¢ 6 families of single and double strip assemblies.

e The shortest production lead times in the industry.

SLC Connector Assemblies

Stay in contact with

Mill-Max spring-loaded connectors.
To view our Design Guide, new product
offerings and request a datasheet

with free samples, visit i

www.mill-max.com/EDN596 '6.




MEET THE GUY that ELIMINATED HIS TEAM'S
MANUFACTURING VARIABILITY ISSUES.

FIX YOUR MANUFACTURING VARIABILITY PROBLEMS AND YOUR REPUTATION WILL
PRECEDE YOU. If you're designing chips for high functionality, high speed and lower

power consumption at the most advanced process nodes, you've got variability issues.

We have the solution that will increase your yield, performance and prestige by a wide
margin. | Get more information at mentor.com/solutions/manufacturing-variability.

©2009 Mentor Graphics Corporation. All Rights Reserved. Mentor Graphics is a registered trademark of Mentor Graphics Corporation.
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INNOVATIONS & INNOVATORS

Expandable 3.6-, 6-, and 13.5-GHz signal
analyzers feature optional built-in generator

nritsu has introduced the MS2830A
Asignal analyzers, which deliver best-in-

class speed and accuracy, according to
the manufacturer, over a frequency range of
9 kHz to 3.6, 6, or 13.5 GHz in a cost-effec-
tive package. Focusing on applications in sys-
tem integration and production, the new units
enable manufacturers of third- and fourth-
generation wireless devices and systems to
reduce manufacturing costs and increase
both product yields and confidence in product
performance.

The base model conducts frequency switch-
ing and sweeping and transfers batched mea-
surement results in approximately 12 msec.
If you install the VSA (vector-signal-analysis)
option, the instruments support noise averag-
ing in approximately 0.1 second, several times
as fast as do conventional swept-frequency
spectrum analyzers. In a 31.25-MHz analysis
bandwidth, the VSA option’s FFT-based batch-
capture capability greatly increases the speed
of inband measurements, such as channel
power, adjacent-channel power, and
one-box tester.

The high speed does not com-
promise accuracy: The average
noise level without preamplifica-
tionis —153 dBm at 1 GHz; tertiary
phase-intermodulation distortion
(third-order intercept) is 156 dBm, and
typical total level accuracy is 0.3 dB.
The instruments also perform precise
distortion and spurious-frequency
measurements. The MS2830A has
measurement capabilities that pre-
viously required both a spectrum

receiver tests. With everything in one chassis,
the resulting configuration costs as much as
30% less than a discrete signal analyzer and
signal generator. In addition, the MS2830A
consumes no more than 110W, which is 45%
less than the power consumption of compa-
rable signal analyzers.

You can customize the units to meet your
current test requirements and perform simple
and cost-effective upgrades when those needs
change. The manufacturer offers such options
as a VSA and a vector-signal generator. The
new units are compatible with the manufactur-
er's application software that allows you to con-
figure an analyzer to conduct quality analysis on
LTE (long-term-evolution), W-CDMA (wireless
code-division/multiple-access)/HSDPA (high-
speed-downlink packet access), GSM (global-
system-for-mobile-communication), and other
wireless signals. The base MS2830A sells for
$14,200.~by Dan Strassberg
~Anritsu Co, www.anritsu.com.
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“The big, red E-
Stop bution may
not bring about
a smooth and
dignified stop,
but it will cause
a stop in spite
of any software
failure or failures.
... Toyota could
have done as
well as we do, if
it had just been
willing to spend
a small amount
more.”

—Engineer William Ketel, in
EDN's Feedback Loop, at www.
edn.com/article/CA6720350.
Add your comments.

analyzer and a signal generator. Cost-effective MS2830A signal analyzers, which feature bandwidths from 9 kHz to
An optional built-in signal generator creates a | 3.6, 6, and 13.5 GHz, offer an optional built-in signal generator and a vector-signal-
one-box tester that performs transmitter and | analysis option that batches measurement results, greatly speeding throughput.

APRIL 8, 2010 | EDN 7



8 EDN

poulse

Vitesse zeros in on carrier-Ethernet
switch needs

he explosion of interest
Tin CE (carrier Ethernet)

seems to be at the front
of everyone's mind these days.
In case you haven't been fol-
lowing the networking mar-
ket lately, the basic story is
this: Just as wireless service
providers and conventional
telephone-service providers
decided to evolve from their
legacy switched networks
and synchronous rings into
Internet-compatible packet
networks, they faced a coinci-
dence of three massive trends:
the explosion of data traffic
in cellular networks, the allure
of delivering high-definition
television through IP (Internet
Protocol) packets to homes,
and the rumor of a huge shift
toward cloud computing.

The result for both wireless
backhaul networks and the
wired infrastructure behind
all those DSL (digital-sub-
scriber-line) and cable con-
nections was the same. The
providers want a packet-based
network with enormous band-
width—such as enterprise
Ethernet—but with all the fea-
tures these providers had from
their legacy networks. These
services include awareness of
the service needs of each flow
through the switch, multicast
capability, carrier-class reliabil-

DILBERT By Scott Adams

ity and management functions,
and support for precise timing.
Carriers also want to provide
guaranteed QOS (quality of
service) for media types such
as voice and high-definition
video. The answer to all these
desires, the industry claims, is
CE

The next question is how to
implement CE in a way that can
be both fast and cheap. Service
providers are blowing right past
40-Gbit switches and asking
for 100-Gbit capability, but
they are severely financially
constrained. The obvious solu-
tion is to start with a fast enter-
prise switch and enhance it to
provide the additional services.
This approach runs into prob-
lems, however.

[fyour enterprise switch relies
on NPUs (network-process-
ing units), you can simply add
to the NPU software, but you
will almost certainly run out of
processing power long before
you get all the new features in,
even at low wire speeds. If your
switch uses an ASSP (applica-
tion-specific standard product)
or an ASIC, it won't be flex-
ible. Either way, you will have
to add another ASIC or, more
likely, an FPGA or two to the
design, running up the BOM
(bill-of-materials) cost, power,
and design time.

E Service
providers
are blowing
past 40-Gbit
switches and
asking for
100-Gbit capao-
bility, but they
are financially
constrained.

And, as Morteza Ghodrat,
director of CE technology
at Vitesse Semiconductor, is
quick to point out, adding more
packet-processing sites to the
design means adding more
DRAMs and CAMs (content-
addressable memories). Either
you put duplicate memory
chips around each chip, or you
attempt some sort of shared-
memory pool with the obvious
complications.

To address these problems,
Vitesse recently announced
three MAC (media-access-
controller) and switch chips.
Ghodrat argues that all CE ser-
vices interrelate both architec-
turally and in efficiency; thus, a
single architecture rather than
multiple chips should handle
them. The new ASSPs, the
VSC7460 Jaguar CE switch,

I NEED TO FIND A WAY
TO BEND THIS STEEL
ROD INTO A “U.”

I'LL TAKE
CARE OF IT.

|

‘an

/o
-€ ©coo

scottadams@aol.com

www.dilbert.com

I WON THE PRESTI-
GIOUS “STEEL SPIKE
AUWARD “ FOR ENGI-
NEERING EXCELLENCE.

WHAT??1I

72303 © 2003 United Feature Syndicate, Inc.

I GUESS IT'S VALIDA-
TION FOR BEING THE
HIGHEST PAID IN THE
DEPARTMENT...AND FOR
BEING MALE.

| APRIL 8, 2010

the VSC7462 LynX CE switch,
and the VSC7364 CE-MaX-
24 MAC/switch, bring the full
range of CE functions to high-
speed Ethernet switches.

Accordingly, each chip has
a service-aware classifier
that can manage as many as
4000 services, each with its
own QOS treatment, DE (dis-
card-eligible) marking, color,
policing, OAM (operations/
administration/management),
performance monitoring, and
timing support through IEEE
1588 Version 2. The chips pro-
vide advanced QOS and MEF
(Metro Ethernet Forum) polic-
ing based on a shared 32-Mbit
buffer. They also have statistics
counters; Ethernet OAM for alll
4000 services; and support
for 802.1ag, 802.3, Y.1731,
and MEF-16 performance
assurances.

The chips differ in CPU and
I/0 complements. The Jaguar
has two 10-Gbps XAUI (10-
Gbps attachment-unit-inter-
face) and two 10-Gbps VAUI
(5-Gbps-attachment-unit-
interface) ports on one side and
24 multifunction SGMII (serial-
gigabit-media-independent-
interface)/SERDES (serial-
izer/deserializer)/100BaseFX
ports on the other. The LynX
has just half as many of each.
Both devices include a 400-
MHz MIPS24KEc processor
core.

The CE-MaX chip, which
operates with an ASIC or an
FPGA, uses two XAUI ports
and a host interface to attach to
the other chip and provides the
full 24 SGMlls plus two more
XAUI ports downstream. The
CE-MaX has no on-chip CPU.
Al three chips will be available
in 27X27-mm HSBGA pack-
ages, and all are scheduled to
become available for sampling
in the second quarter.

-by Ron Wilson

Vitesse, www.vitesse.com.



Single-key capacitive touch controllers
in portable products

target use In

tmel has incorporated
the technology of its
QTouch charge-transfer

capacitive touch sensors into a
series of single-key touch con-
trollers for the portable-device
market. Applications extend
beyond touch keys for sin-
gle-button mechanical-switch
replacements to a range of
body-proximity-sensing sce-
narios. The chips have a power
consumption of less than 17
pA at 1.8V in low-power mode
and a fast wake-up time. From

the low-power state, when
these devices detect a key
touch, they temporarily switch
to a 12.6-msec fast-response
mode, allowing rapid detection
of additional touches.

As with other related parts,
the AT42QT101X family uses
spread-spectrum modulation
to ensure good EMC (elec-
tromagnetic compatibility).
The ICs automatically cali-
brate when you power them
up and remain calibrated,
even with moisture buildup

The AT42QT101X family of capacitive touch sensors target use
in body-proximity-sensing scenarios.

There are

few con-
straints on key
shape or size.

or other contaminants on the
touch surface.

The family comprises the
AT42QT1010, AT42QT1011,
and AT42QT1012. The 1010
part includes a timer to reset
a “stuck-key" condition: After
60 seconds, it powers down,
resets, and self-calibrates to an
assumed untouched state. The
1011 remains in the “touched”
condition indefinitely when it
senses a contact; this feature
allows uses such as detecting
when an earpiece of a head-
set is in the user's ear canal
or detection of face proxim-
ity in a smartphone. The 1012
includes a touch-on/touch-off,

or toggle, key and a configu-
rable power-down timer to shut
down devices that users inad-
vertently leave on.

Users can configure the key
sensitivity on all devices for
different panel thickness and
materials. Electrodes can con-
sist of any conductive material,
including transparent indium-
tin oxide. There are few con-
straints on key shape or size,
allowing the user a great level
of flexibility in the industrial
design. The user can also set
up the IC for use as a proxim-
ity sensor, allowing detection of
a nearby hand or object. Toys
typically have this function
to illuminate “hidden-until-lit"
keys when a hand or a finger
approaches a consumer appli-
ance. The devices come in a
2.9X1.6-mm SOT-23 pack-
age and need only two external
components. Prices start at 20
cents (volume quantities).

-by Graham Prophet
~Atmel, www.atmel.com/
products/touch.

3-D HOLOGRAPHIC IMAGES DELIVERIMPRESSIVE REALISM, NEED NO GLASSES

Zebra Imaging has developed 3-D holographic images
that can replace expensive, bulky, and time-consuming
models at construction sites. You can put these displays
into a briefcase, hop onto a plane, and show the on-site
construction foreman just how a project should look.

Zebra Imaging'’s 3-D holographic images can fit into a briefcase
and replace bulky models at construction sites.

The company burns each image into photopolymer film
with intersecting laser beams. Each holographic image
starts with a 3-D digital model. If no such model exists,
the company can create it by scanning geospatial ter-
rain, digitizing an object, or creating a digital model from
scratch using computer graphics or engineering software.

For geospatial applications, terrain data may exist for
a region of interest. For architecture and other applica-
tions, Zebra accepts many 3-D digital file formats, includ-
ing those exported by Catia, Maya, Alias, 3D Studio Max,
and AutoCAD software. After Zebra receives a 3-D digital
model, the customer specifies the size, color, flexibility or
rigidity, and opaque- or transparent-mounting options for
the hologram.

Imaging times for 2X2- and 2xX3-foot tiles are ap-
proximately two and three hours, respectively. The cost of
a hologram depends on color, quantity, and size. Prices
start at $499 for a 12X 12-in. hologram, $699 for a 12<18-
in. version, and as much as $1999 for a 24x36-in. holo-
gram. Zebra can also mass-produce the images.

-by Margery Conner

Zebra Imaging, www.zebraimaging.com.
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GaN power transistors take aim at MOSFETs

the first to build GaN (gal-

lium-nitride) devices on
silicon, has now introduced
GaNpowlR, its first product on
a GaN platform. GaN-device
structures are not new; using
a sapphire substrate, they've
been around for 20 years in
the RF realm. IR has, how-
ever, figured out how to make
the ultrafast switching of GaN
commercially viable for power
electronics.

Consider the impact that
hexagonal MOSFETs, the first
commercially viable MOSFETs,
had on the power semiconduc-

|R (International Rectifier),

EFFICIENCY
(%)

tor: According to Mike Briere,
PhD, the company’s technol-
ogy consultant, the devices
made possible the commercial
manufacture of high-volume
switching power supplies. The
figure of merit for the devices—
on-resistance times gate
charge—has improved approxi-
mately two orders of magni-
tude over the past 30 years.
This rate of improvement can't
go on forever, Briere says. He
envisions a scenario in which
GaN-on-silicon technology will
take over.

Enter IR's new iP2010 and
iP2011 GaN-on-silicon-tech-
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Employing International Rectifier's GaNpowlIR GaN-on-silicon
platform, the iP2010 and iP2011 achieve switching speeds as
great as 5 MHz (a). EPC’s GaN-on-silicon power transistor (b) is
much smaller than a comparable power MOSFET because of its
smaller die and lack of a packaging structure (c).
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nology devices, which oper-
ate in native depletion mode,
although they can operate in
enhanced mode and switch at
speeds as high as 5 MHz The
company's road map calls for
devices to span 20 to 1200V.
The devices integrate a power-
stage device that includes a
PowlRtune driver IC and a
multiswitch monolithic GaN-
based power device, all in a
flip-chip package, that the com-
pany claims more than doubles
the switching frequency of the
devices.

The iP2010 operates at
speeds as high as 3 MHz and
features an input voltage range
of 7 to 13.2V, an output volt-
age range of 0.6 to 5.5V, and
an output current as high as
30A. Operating at speeds as
high as 5 MHz, the pin-com-
patible iP2011 features the
same input and output voltage
ranges and an output currentas
high as 20A. By offering multi-
ple current-rating devices in a
common footprint, the devices
meet customer requirements
in current level, performance,
and cost. The parts target the
server power-supply market,
in which some customers are
willing to pay a hefty premium
for power efficiency. Prices for
the iP2010 and iP2011 begin
at $9 and $6 (2500), respec-
tively.

Hot on the heels of the IR
announcement comes a new
family of power transistors from

30-m{},
200V SILICON
DEVICE
25-m{},
200V GaN
DEVICE

start-up EPC (Efficient Power
Conversion). The company
based the devices on its propri-
etary GaN-on-silicon technol-
ogy. Their drain-to-source volt-
ages range from 40 to 200V,
and on-resistances range
from 4 to 100 m£). The com-
pany claims that GaN devices
can reduce total server-power
requirements, including ac/dc
and dc/dc losses and fans, by
about 18%.

EPC developed the GaN
technology with a normally off
enhancement mode explicitly
to replace power MOSFETs.
According to Alex Lidow,
EPC's co-founder and chief
executive officer, enhancement
mode, rather than depletion
mode, is essential for GaN to
become a broad-scale silicon-
power-MOSFET replacement.
“It's meant to imitate the func-
tionality of a power MOSFET
on supersteroids, he says.
Because EPC can lay down
the GaN structures on stan-
dard 6-in. wafers, its prices—
80 cents and $5 (1000)—are
comparable to those of high-
end MOSFETS. The parts
are available from Digi-Key
(www.digikey.com).

The on-resistance for a
device area is a key determi-
nant of cost, and a GaN tran-
sistor is markedly smaller than
an equivalent MOSFET. Unlike
MOSFETs, EPC's transistors
lack a packaging structure. The
hermetically sealed GaN ele-
ments lie atop the silicon layer,
which acts as an insulator. You
can mount the GaN transistor
directly on a heat sink with no
surrounding packaging and no
thermal resistance between
the transistor and its package.

-by Margery Conner
~International Rectifier,
www.irf.com.
~Efficient Power
Conversion Corp, www.
epc-co.com.
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Smart FET driver emulates rectifier nert of. This festure e
18] Secondary-8|de apphcatlons tees proper operation in con-

nternational Rectifier's new | comparator across the power
IR11672 synchronous-recti- | MOSFET, enabling it to sense
fication IC drives a MOSFET | the direction of the rectified
in the secondary side ofanac/ | current. The IC operates from
dc flyback and resonant half- | an 11.3 to 20V power supply,
bridge switched-mode power | and its drain-sense pin can
supply, providing the function | withstand 200V. Maximum
of a rectification diode. The | switching frequency is 500
FET's forward-voltage drop is | kHz, turn-off propagation delay
smaller than that of a Schottky | is 50 nsec, and turn-on delay is
diode. You connect an input | 60 nsec. The device provides

tinuous-, discontinuous-, and
peak FET-gate turn-off drive | critical-conduction modes. The
current of 7A, and the unithas | IR11672 provides secondary-
both an enable pin and a gate- | side synchronous rectification
output pin with a 10.7V clamp | in switch-mode power sup-
circuit. plies. It comes in an eight-pin
In addition to conven- | SOIC package, operates in the
tional gate-drive circuitry, the | —40 to +150°C temperature
IR11672 contains minimum- | range, and sells for 92 cents
on-time circuitry that blanks | (10,000).~by Paul Rako
the comparator’s input to pre- | [~International Rectifier,
vent spurious ringing and | www.rf.com.
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The IR11672 and a FET replace the diode in a power supply’s secondary.

SHARP EXPANDS ITS REPERTOIRE OF LCDs FOR IN-CAR USE

The display-research arm of Sharp Electronics has
revealed some of its advanced work exploring op-
tions in LCD technology for automotive use, including
an enhanced version of its dual-view LCD panel and a
dual-depth panel that shows information on two visual
planes. Sharp supplies its dual-view panels to two car
manufacturers, which install them in the center console of
the dashboard. The dual-view panel shows two separate
images when you view them off-center from either side of
the display. In the automotive application, the driver can
see only relevant information, such as navigation or car-
system menus, while the front-seat passenger views en-
tertainment content. In the first generation of panels, now
in production, Sharp achieves the image separation with
a parallax barrier: The two images appear on interleaved
vertical pixel strips, and a vertical linear grating in front of
the screen obscures the set of pixel strips corresponding
to the “hidden” image on the respective side.

Now, Sharp has developed an enhanced version of the
screen, which may use microlens arrays rather than an
aperture grating. This approach allows the company to

twice the brightness of the previous version at the cost of
a somewhat wider region of “mixing”’-that is, the viewer
sees both images superimposed. Alternatively, you can
achieve almost no region of mixed images but with simi-
lar brightness to that of the first-generation panels.

The second innovation is a dual-depth panel, which has
two distinct visual-image planes that appear at different
distances. The optics involve a standard panel with a lay-
ered arrangement of optical planes, including a partially
reflecting mirror and polarizers, in front of it. The light
path through the extra optics is electrically switchable. In
one state, light passes straight through, and the viewer
sees the LCD screen directly. In the alternative state, light
from the panel internally reflects within the arrangement
of polarizers before exiting in the direction of the viewer.
The optical-path length is increased by twice the thick-
ness of the polarizer/mirror-assembly layer, and the im-
age therefore appears to be displaced backward by that
amount.-by Graham Prophet

Sharp, www.sharpsme.com.
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Rethinking static-timing analysis

TA (static-timing anal-

ysis) was nearly an

instant success at tim-
ing closure 15 years ago, and
nothing much has changed
since except for creating parti-
tioning/scheduling algorithms
to parallelize the algorithms
for multicore CPUs. This stasis
has allowed an increase in the
number of instances inadesign,
the number of modes in which
you must analyze a design, and
the number of process corners.
Consequently, runtimes for full
designs across modes and cor-
ners have become enormous—
days, in some cases.

That situation has turned
STA from an elegant, fast tool
into a powerful and trusted, but
ponderous, necessity, consum-
ing licenses and days of pre-
cious schedule with abandon.
If there were a way to dra-
matically speed up STA, users
would need fewer licenses,
could save the real-estate and
power costs for huge server

collections, and could employ
the tool in situations in which it
has become impractical today,
such as checking timing con-
straints or evaluating ECOs
(engineering change orders).
Several alternatives exist
for accelerating STA. To begin
with, the task is parallelizable.
Most nets are independent
with regard to delay, so you can
organize the nets into indepen-
dent sets and dispatch them to
independent threads. That fact
makes STA inherently friendly
to multicore computing and,
more practically, to execution
on graphics processors.
According to Dan Blong,
technical-marketing manager
at Magma Design Automation,
15 years have elapsed since
anyone looked at the underly-
ing algorithms and the code to
see whether there were other
ways to accelerate the analy-
sis. A team headed by Pathmill
pioneer Jacob Avidan set out
two years ago to accomplish

An incre-
mental
mode lets you
work directly
on particular

blocks of IP.

that goal. The result is Tekton,
a new STA/extraction/Spice
environment. Magma claims
that Tekton runs significantly
faster as a timing analyzer on
a single CPU and dramatically
faster in a multimode/multi-
corner analysis on a multicore
machine. The company claims
that it can perform these tasks
on any design, using one
machine, and in less than an
hour, further claiming a speed
of 1 million nets per minute
and near-linear scaling for as
many as 24 CPUs.

The improved performance
comes primarily from care-

INTEL UNVEILS 32-nm DATA-CENTER MICROPROCESSORS

ful organization of the work to
avoid the need for repeating
calculations—that is, recogniz-
ing tasks that are unnecessary
and saving intermediate results
for use in future calculations. It
does not mean compromising
timing accuracy. Blong says
that Tekton correlates well
with PrimeTime delay results
and approximates PrimeTime
crosstalk results.

Tekton drops into existing
flows, accepting PrimeTime tcl
and Perl scripts. The complete
Tekton environment includes
the Tekton QCP extraction tool,
which correlates to QuickCap,
and crosstalk analysis, on-chip
variation analysis, and an inte-
grated Spice engine. In addition
to timing an entire design in
less than an hour, the package
includes an incremental mode
that lets you work directly on
particular blocks of IP (intellec-
tual property) or on ECOs.

-by Ron Wilson
~Magma Design
Automation, www.
magma-da.com.

Aiming to provide data centers with a stronger founda-
tion for cloud security, Intel recently announced its Xeon
5600 series, which combines security, performance, and
energy-efficient features, according to the company. The
processors contain Intel’s AES-NI (Advanced Encryption
Standard-new instructions), which Intel introduced with
the Core processor family. These instructions accelerate
AES performance to allow faster data encryption and
decryption for applications such as database encryption,
full disk encryption, and secure Internet transactions.
The processors also feature TXT (trusted execution tech-
nology), which allows faster encryption and decryption
performance for more secure transactions and virtualized
environments. These workstation and server chips use the
company’s 32-nm logic technology, which employs Intel’s
second-generation, high-k-metal-gate transistors to in-
crease speed and decrease energy consumption.

The devices allow as many as six cores to reside on
each processor and can deliver as much as 60% greater
performance than the 45-nm 5500 series. Intel claims
that data centers using the new devices can replace 15

12 EDN | APRIL 8, 2010

single-core servers with one. A two-socket server using
the new series’ low-voltage L5640 can deliver the same
performance as but consume as much as 30% less power
than a server using the previous generation’s X5570 se-
ries. The processor also integrates TXT-hardware features
that prohibit intrusion from malicious software, allowing
applications and data to run more securely in a virtualized
environment. Together, these features ensure that virtual-
ized environments experience better performance and are
more secure when users deploy or migrate them.
The frequency-optimized quad-core version of the

5600 series offers a maximum speed of 3.46 GHz with
a total power dissipation of 130W, and the six-core ver-
sion reaches 3.33 GHz with a power dissipation of 130W.
Advanced six-core versions will top out at 2.93 GHz and
95W, and the standard quad-core processor will reach
2.66 GHz and 80W. Low-voltage versions of the chip will
have power dissipations as low as 60 and 40W and fea-
ture six and four cores, respectively.

=by Ann Steffora Mutschler

Intel Corp, www.intel.com.
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Avago Fiber Optics: Breaking Bandwidth and
Performance Barriers in Supercomputing

Introduction

Modern  datacenters, high-performance  computing
(HPC) centers, and supercomputers demand dense high-
bandwidth cost-effective interconnect solutions for the
fabric between various computing resources and network
elements. The bisection bandwidth of this fabric is a key
factor in determining the overall performance of the
system. As applications (internet search, cloud applications,
complex computations, virtualization) and hardware
(faster multicore processors, more I/0 per server) put more
demands on resources, the fabric bandwidth must scale
as well.

Parallel interfaces, which can be either electrical or optical,
provide a convenient means to achieve these interconnects.
In contrast to single-channel connectors, parallel interfaces
contain multiple lanes in a single electrical or optical
connector. Logically, the interface can be a collection
of coupled lanes that provide an aggregate channel
bandwidth that is not achievable with serial technology
(4xQDR Infiniband provides 40Gbps of aggregate channel
bandwidth using four 10Gbps lanes) or a collection of
individual single-channel interfaces (such as the fabric
of a multistage switch/router). The interface can also be
a combination of the two (three 4xQDR channels on one
12-lane interface).

As lane speeds move to 10 Gbps and beyond, fiber-optic
technologies are displacing copper-based solutions that
have long dominated these parallel interfaces. Fiber optics
offer distinct advantages in density, power, weight, and
link length. However, a thorough understanding of the
benefits of fiber optics over copper goes beyond these
simple metrics. Architects can choose where to deploy
dense parallel optics solutions to achieve the optimal I/0
bandwidth density: rack-to-rack, within a rack, and within
board. In this technical note, we review various parallel
optical technologies and then focus on embedded solutions
developed by Avago that uniquely enable our customers to
bring differentiated systems to market.

Pluggable parallel optics

Today, parallel-optical modules are widely available in two
formats: pluggable and embedded. Pluggable modules
are applicable when the aggregate 1/0 requirements of a
system can be accommodated by the limited front-panel
area. Common packages include QSFP (4-lane interface)
and CXP (12-lane interface) with line rates running up to
12.5 Gbps. Examples of these form factors are shown in
Figure 1. The advantages of the pluggable solutions include
pay-as-you-grow deployment, choice of copper and optical

options, and ease of assembly. However, density, thermal,
EMI, and signal integrity challenges sometimes lead to
tradeoffs in system performance in order to accommodate
the pluggable format.

Figure 1: Avago AFBR-79Q4Z QSFP and AFBR-83BDZ CXP pluggable
parallel transceiver modules.

Embedded parallel optics

Avago Technologies is the market leader in delivering
embedded parallel optics for applications such as the fabric
between chassis in multi-chassis routers/switches and high-
performance computing clusters. Historically, the dominant
form factors have been SNAP12 and POP4, with speeds up
to 3.125Gbps per lane. Avago has extended the bandwidth
capability to as high as 10 Gbps per lane. These modules
can be mounted at the card edge as well as mid-board to
optimize their placement for signal integrity and air-flow.
In the latter case, fiber jumper cables are used to provide
the optical interface to the panel. The use of high-density
optical connectors, such as 24-, 48-, and 72-ferrule MTP™,
enables single ports with extreme amounts of bandwidth.
For example, a 72-ferrule MTP connector with each lane
running at 10 Gbps can provide a 360 Gbps bidirectional
interface in less than 1 square inch of panel area, equivalent
to the connectivity provided by three CXP modules.

Figure 2. The MicroPOD, Avago’s next-generation embedded
parallel-optics module and optical connector shown with a dime
for scale.
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Next-generation computing, switching, and routing
systems will require Terabytes of interconnect between
nodes. In order to accommodate pluggable solutions, all
of the /0 must be routed to the front panel. Even if edge-
mounted optics could provide sufficient density, significant
signal integrity and thermal challenges would need to be
overcome and the number of individual connections would
be cumbersome. Embedded parallel optics can provide a
solution, but legacy form factors (POP4 and SNAP12) are
large and require keepout areas for the MTP connectors. To
address higher density applications, Avago has introduced
a novel parallel optics module, called MicroPODs (Figure
2), with unprecedented density (7.8 mm x 8.2 mm for 12
channels). The 12-channel transmitter and 12-channel
receiver modules nominally operate at 10 Gbps per lane
(120 Gbps aggregate bandwidth). A top-attached optical
connector with a convenient slot for fiber routing permits
dense tiling of the MicroPODs (Figure 3). At the card
edge, high-density optical connectors can be used for
consolidated 1/0. For high-speed signal integrity, a pLGA
electrical connector is used to mate the module to the host.
The module includes such features as programmable per-
lane equalization and de-emphasis as well as a full set of
diagnostic monitoring capabilities.

Figure 3. A densely tiled group of 8 MicroPOD Tx/Rx pairs provides
a total bidirectional bandwidth of (960 + 960) Gbps in less than 3
square inches of board area.

Application example: High-performance computing

High performance computing has allowed advances
in a wide variety of areas, including climate modeling,
drug design, car crash studies, oil reserve discovery and
computation-based  business  strategies. Businesses,
education and research institutions, and governments
increasingly rely upon HPC to provide timely answers to

The Avago Advantage Technical Notes

computationally intensive analysis and design problems.
HPC and supercomputer manufacturers are striving to
improve the performance of these machines to address
these applications.

HPC and supercomputer systems are clustered networks of
computing resources. The connectivity between computing
nodes, or interconnect bandwidth, is an important factor
in determining the useful computational power of the
system. As individual processors increase in computation
capability, the interconnect bandwidth between nodes
of the cluster must scale to achieve the desired system
performance. Where individual processor cores today may
have 1 - 10 Gpbs of connectivity bandwidth to the fabric,
next generation systems will require 10s to 100s of Gbps per
core. Furthermore, many processor cores can reside in one
node, requiring 10’s of Tbps of connectivity from each node.
Pluggable solutions cannot achieve this scale of bandwidth,
considering the difficulties of routing 1000’s of high speed
lanes to the card edge as well as real-estate limitations.

Avago’s MicroPOD technology alleviates the I/0 bandwidth
escape limitations imposed by front-panel mounted parallel
optics. Supercomputer architects have freedom to scale
the bandwidth of the inter-processor communications to
optimize system performance with limited restrictions on
the 1/0 bandwidth. For example, a 1 Teraflop node with
~2 Tbps/sec of connectivity to the network would require
16 Tx/Rx MicroPOD pairs. These modules would be
positioned near the host IC for optimal signal integrity while
also arranged in a tiling pattern for density. Using high-
density MTP connectors at the front-panel, the I/O could be
consolidated into ports that have the ideal bandwidth for
node-to-node communications. The area required for these
ports would be significantly less than that required for a
similar CXP-based interface.

Additionally, whereas the CXP must be mounted in the
plane of the host PCB, the passive MTP connectors could
be arbitrarily positioned for optimal density and fiber
management. These benefits of using MicroPOD can
enable more processing power to be packed onto one
physical compute node, thereby conserving valuable space
and power in the data center.

Summary

Increasing demands on data centers and computational
facilities are driving requirements for connectivity between
computing resources. Pluggable solutions such as QSFP
and CXP can address some of these applications, but very
dense 1/0 requirements are best met with embedded
optical solutions. Avago has addressed this market need
with a novel parallel-optics module, the MicroPOD. The
MicroPOD enables true system differentiation by relieving
performance-restricting bandwidth bottlenecks.

Contact us for your design needs at: WWW.avagoresponsecenter.com/401

Avago, Avago Technologies, and the A logo are trademarks of Avago Technologies in the United States and other countries.

All other trademarks are the property of their respective companies.
Data subject to change. Copyright © 2010 Avago Technologies
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SIGNAL INTEGRITY

BY HOWARD JOHNSON, PhD

Manager’s guide to digital design

This article is for all those hardworking engineering managers who just
want a simple, one-page summary of everything they need to know

about digital design.

GROUND: mythical electrical ob-
ject that absorbs unlimited quanti-
ties of electrical current. Ground ex-
ists in Spice but nowhere else. Radar
engineers in the 1930s discredited the
concept of ground as anything more
than a good place to grow carrots and
potatoes.

PARASITIC EFFECT: a mysterious
circuit effect that persists despite your
best attempts to either eradicate it or
blame it on a previous designer.

RISE TIME: rate of ascent through
management ranks. Rise time may
be sluggish or, in the case of an over-
ambitious candidate, subject to wild
overshoot and gyration.

EQUALIZER: the Chuck Norris of
serial-transmission circuits. An equal-
izer improves the odds of success for
all good bits by knocking out the

bad artifacts. Just saying you have an
equalizer makes investors swoon.

ADAPTIVE EQUALIZER: Chuck

Norris with brains.

DECISION-FEEDBACK LOOP:

a critical management decision made,
then retracted, and then made again
in a repeating loop. This loop knocks
productivity to zero.

HEAT SINK: a small metallic de-
vice attached to your CPU that, like

Figure 1 The author visualizes his next
great product, or is he just fooling?

the cooling tower at a nuclear-power
plant, is the only device standing be-
tween safe, reliable system operation
and total core meltdown.

NETWORK ANALYZER: an ex-
pensive piece of gear that always re-
ports bad news. When interview-

ing new hardware-engineering candi-
dates, always say that you have one.
Later, if that employee misbehaves,
threaten to make him use it.

INDUCTOR: a two-terminal compo-
nent, which, like a financial deriva-
tive, causes huge spikes followed by
systemic crashes. Avoid speaking with
engineers for at least two days if they
mention the words “inductor” and
“Spice” in the same sentence.

DE-EMBEDDING: the insom-

nious effect of a difficult measure-

/

ment problem that consumes copi-
ous amounts of overtime, often late at
night, preventing normal sleep.

POWER-SUPPLY DROOP: a
diminution in the output of a healthy
power supply when engaged in vig-
orous activity. An insufficiently tur-
gid power supply droops to the point
of ineffectiveness. No pill cures that
condition.

BOOT TIME: the interval of time
between your decision, based on how
slowly your product runs under real-
life conditions, to fire your chief soft-
ware engineer and the moment his
feet hit the pavement outside your
building.

SSO (simultaneous-switching-out-
put) noise: a feature. IC manufactur-
ers believe that only by skimping on
the number of power and ground pins
can they offer high-speed IC prod-
ucts in inexpensive packages, thereby
transforming SSO noise from a prob-
lem into a feature.

ROHS (restriction-of-hazardous-
substances) Lead-Free Solder Initia-
tive: Evil plot by Luddites to rid the
world of computers by first rendering
all electronic products flaky and unre-
liable. The initiative may precipitate
the collapse of Western civilization.
Until then, just smile and go along
with the scheme like everyone else.

VISUALIZATION: a mental process.
More than any other group, hardware
engineers must visualize a solution to
every problem, which they do with
their eyes closed. You may hear noises
that sound like ordinary snoring but
actually indicate a deep state of com-
plete concentration. Never interrupt
an engineer engaged in visualization
(Figure 1).EDN

Howard Johnson, PhD, of Signal Con-
sulting, frequently conducts technical
workshops for digital engineers.
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“How can | tell if a power supply is reliable?”

There's an indicator on the front.

It says “Agilent.” With a typical MTBF of 40,000 hours, over half-a-
century of experience, and with more than 250 models to choose
from, Agilent’s power supplies are the ones you can count on. In fact
the array of our power supplies is so extensive, it wouldn’t fit on this
page. For clean, low-noise, programmable power to countless DUTs,
there’s an Agilent power supply with your name on it. Actually, it's
our name on it, but you know what we mean.

Agilent and our Distributor Network

Right Instrument. Right Expertise. Delivered Right Now. Buy from an Authorized Distributor
© 2010 Agilent Technologies, Inc. WWVV. agllent. COm/flnd/dlStflbUtOfS

Agilent Technologies




AS LTE NETWORKS ROLL OUT
THIS YEAR, ENGINEERS WILL BE
APPLYING VARIOUS TEST SCE-
NARIOS IN LAB AND SMALL-
SCALE FIELD TESTS TO THE LTE
DEVICES AND EQUIPMENT
THEY ARE DEVELOPING.

LIE

BY REINER GOETZ,
ANNE STEPHAN,

AND MEIK KOTTKAMP,
ROHDE & SCHWARZ

s part of the worldwide

3GPP Release 8 stan-

dard, LTE has been ful-

ly defined since March
2009. This new technology is
an essential enhancement of
classic mobile-communications
technologies, such as GSM/
EDGE, WCDMA/HSPA(+),
and CDMAZ2000/Ev-Do Rev A.
[t promises end users significant
data-rate, network-capacity,
and latency improvements. LTE
will also enable network op-
erators to more effectively and
inexpensively deliver services,
such as Web browsing, gaming,
and video streaming, and it will
open the door for new mobile
services.

Consequently, no fewer than 59 op-
erators in 28 countries have announced
plans to deploy LTE on their networks.
A sizable number of commercial net-
works will roll out in 2010. Therefore,
vendors of LTE products and infrastruc-
ture are performing extensive testing
ranging from lab tests on individual de-
vices to small-scale field tests with just a
few base stations and user devices from a
variety of vendors. Major test networks,
too, with numerous base stations and a
significant number of initial LTE user
devices, are undergoing user trials.

What requirements does this new
technology have to meet, and how can
you assess and effectively verify LTE
performance in a laboratory environ-
ment by means of suitable tests? Con-
sider the differences between LTE and
other technologies before proceeding to
examine the various phases in the de-
velopment of LTE-enabled infrastruc-
ture and end-user equipment.

SIMILAR BUT DIFFERENT

The 3GPP participants developed
LTE on the basis of available technol-
ogies. Therefore, it is hardly surprising
that, despite its numerous differences,
LTE has a lot in common with them.

Consider HSPA(+), an established
technology in packet-oriented services.
In LTE, just as in HSPA(+), the alloca-
tion of resources for the transmission of
data from the base station to user equip-
ment relies on a rapid feedback mode in
the user device. The device ascertains
the quality of the transmission channel
and informs the base station what maxi-
mum resource size to allocate. The only
difference is that LTE offers a much fast-
er feedback mode than does HSPA(+):
LTE uses a 1-msec time-transmission in-
terval, whereas HSPA (+) uses a 2-msec
TTI and WCDMA uses a 10-msec TTI,
allowing the data rate to adapt to cur-
rent transmission conditions practically
every millisecond.

The biggest differences between LTE
and current 3GPP standards lie in the
technologies manufacturers use to im-
plement the air interface. LTE employs
OFDMA and MIMO. In addition, LTE
works with a flat [P-based network ar-
chitecture. OFDMA enables granular
resource allocation because LTE uses a
large number of narrowband subcarri-
ers with a bandwidth of 15 kHz, com-
pared with 200 kHz in GSM and 5 MHz
in WCDMA (Figure 1). This enhance-
ment combines with a maximum chan-
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nel width of 20 MHz and the ability to
work with as many as four transmitting
and receiving antennas to create the
basic conditions necessary for meet-
ing high-data-rate and high-capacity
requirements.

LTE also greatly simplifies the map-
ping of logical channels onto physi-
cal channels. Shared channels have
replaced dedicated channels, and LTE
has fewer MAC-layer entities and RRC
states for greater simplicity. In contrast,
the number of parallel processes in the
protocol has increased, and you can
use MIMO to combine multiple data
streams. The encryption function has
also changed: In LTE, the eNodeB and
MME use different keys. The data in the
PDCP layer and the NAS layer are en-
crypted differently; in WCDMA, the
NAS layer is not encrypted at all.

HIGH SPEED, COMPLEXITY

The way in which LTE integrates into
networks also plays a crucial role. From
the outset, developers of LTE user equip-
ment have been under enormous time
pressure. Even before LTE’s core specifi-
cations were complete, equipment mak-
ers augmented the then-unfinished speci-
fications based on their own assumptions
and implemented their own protocol “di-
alects.” Their aim was to be in a position

LTE GLOSSARY

ACLR: adjacent-channel-leakage ratio
AWGN: additive white gaussian noise
BLER: block-error rate

CDMA: code division/multiple access
CPRI: common public-radio interface

CQl: channel-quality indicator

CS: circuit-switched

EDGE: enhanced data rates for GSM evolution

eNodeB: base station

ETSI: European Telecommunications Standards

Institute

Ev-Do: evolution-data optimized/evolution-data only

EVM: error-vector magnitude
GCF: Global Certification Forum
GPS: global positioning system

GSM: global system for mobile communications

HSPA: high-speed packet access
1/Q: in-phase/quadrature

IP: Internet Protocol

LTE: long-term evolution

MAC: medium-access control

MIMO: multiple input/multiple output

MME: mobility-management entity
NAS: nonaccess stratum
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AT A GLANCE

LTE promises end users signifi-
cant data-rate, network-capacity,
and latency improvements.

The biggest differences between
LTE and 3GPP standards lie in the
technologies to implement the air
interface.

LTE will find use in user devices
alongside technologies such as
WCDMA, CDMA2000, and GSM.

In RF-signaling tests, testers
examine the user equipment’s trans-
mitter and receiver in combination
with all of the signaling layers.

The use of OFDM, which
enables TTl-based allocation of
resource blocks, leads to significant
changes in testing requirements.

MIMO requires extended anten-
na systems at the base station that
you must verify with the aid of signal
analyzers.

to demonstrate LTE’s ability to function
and its benefits as soon as possible. Now
that the developers have finalized the
specifications to a sufficient degree, the
focus is on reducing development time
to be able to deliver LTE products to the
market as swiftly as possible.

LTE’s higher complexity poses signif-

icant challenges because, for the most
part, LTE resides in user devices along-
side technologies such as WCDMA,
CDMAZ2000, and GSM. The presence
of multiple technologies entails a vari-
ety of hand-over scenarios, all of which
designers must test. In addition, LTE
user devices must support other noncel-
lular standards—Wi-Fi, GPS, and Blue-
tooth, for instance—that complement
the wide operational coverage that cel-
lular technologies afford.

Ideally, to enable steps in the develop-
ment process for a mobile phone to take
place concurrently, developers pursue
an approach employing reusable mod-
ules. However, the developers must test
the various components as early in the
process as possible to minimize the num-
ber of potential errors during integration
and to avoid creating problems in subse-
quent field tests. The test-and-measure-
ment equipment they use must therefore
be able to separately drive or bypass lay-
ers or functional modules. The modular
approach, for example, enables develop-
ers to test the functions they loaded in
software onto a baseband chip in a vir-
tual environment without relying on
the availability of the hardware.

Other LTE features at the center of
development efforts are the data rates
on uplinks and downlinks. Just as in

OBSAI: Open Base Station Architecture Initiative
OFDMA: orthogonal frequency-division multiple access
PCS: personal communications service

PDCP: Packet Data Convergence Protocol

PMI: precoding matrix indicator

PRBS: pseudorandom bit sequence

PS: packet-switched
PTCRB: PCS Type Certification Review Board

QAM: quadrature-amplitude modulation

RI: rank indicator

QPSK: quadrature phase-shift keying

RLC: radio-link control

RRC: radio-resource control
RRH: remote radio heads
16QAM: 16-phase QAM

64QAM: 64-phase QAM

SMS: short-message service

3GPP: Third Generation Partnership Project
TTCN2: Testing and Test Control Notation Version 2
TTCN3: Testing and Test Control Notation Version 3
TTI: time-transmission interval

UL caQl: uplink cQl

U plane: user plane

WCDMA: wideband CDMA




HSPA(+), they place considerable de-
mands on the user equipment. To as-
sess performance, manufacturers must
run tests that evaluate the acknowledg-
ments and negative acknowledgments
on the RLC and MAC layers. Designers
can achieve the specified data rates using
the wide variety of MIMO modes. How-
ever, the test-and-measurement equip-
ment must support these modes. Besides
the ability to connect multiple antennas,
the test equipment must also be able to
simulate fading channels. Only then is it
possible to test the functioning of receiv-
ers under realistic conditions.

Scalable bandwidths and the 17 re-
gional frequency bands further increase
the breadth of required testing. And de-
velopers must also address limitations,
such as different possible power levels
in tests at high bandwidths on frequency
bands with low separation between re-
ceiving and transmitting frequencies.

This high complexity calls for fre-
quent regression tests, such as testing
daily software builds or the performance
of endurance-testing scenarios in a re-
alistic signal environment. Test equip-
ment with advanced automation and
remote capabilities makes it easier to ef-
ficiently conduct these tests. The range
of measurements is not confined to ver-
ifying that developers have correctly
implemented the specifications; it also
extends to modules’ stability and robust-
ness when facing varying interpretations
of specifications (Figure 2).

At the end of the development pro-
cess comes conformity testing on certi-
fied test systems, during which develop-
ers run a selected number of tests from
the 3GPP conformance-test specifica-
tion on the finished user device. Un-
like functional tests, this type of testing
formally verifies the protocol layers and
the requisite RF performance.

MOBILE USER DEVICES

Testers primarily conduct pure REF-
performance testing using signal genera-
tors and analyzers; combined RF-signal-
ing tests are also important. These tests
examine the user equipment’s transmit-
ter-and-receiver combination with all of
the signaling layers. The tests are simu-
lations that closely approximate signal-
ing procedures and scenarios in live use
under realistic conditions, with possible
interfering signals, and during continu-
ous operation of the device. The prima-
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Figure 1 LTE employs an OFDMA-modulation scheme that employs a large number
of narrowband, 15-kHz subcarriers to enable granular resource allocation.
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ACTIVE LTE CARRIER,
20-MHz BANDWIDTH

& Curent E-UTRA
# Curent UTRA

ONE ADJACENT
LTE CARRIER,
20-MHz BANDWIDTH

TWO ADJACENT
LTE CARRIERS,
5-MHz BANDWIDTH

Figure 3 ACLR measurements on an LTE signal help to prevent interference between
neighboring WCDMA and LTE systems.
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ry emphasis is not on testing the actual
signaling procedures; rather, the signal-
ing serves as a means to an end for per-
forming realistic tests on the entire de-
vice. Testers perform separate tests for
the transmitter and the receiver.

Testers apply a variety of measuring
methods during the transmitter tests.
First, they test LTE signals using proven
methods—power and EVM measure-
ments, for example—they adopted from
other mobile-communications technol-
ogies. Second, they verify extensive pro-
cedures, such as power control based on
profiles in LTE and WCDMA. Many of
the measurements may resemble well-
known procedures. With LTE, they are
more complex, however. A spectrum
measurement is a case in point: The fact
that LTE and WCDMA frequency bands
may be adjacent to each other places ex-
ceptional demands on the user equip-
ment. To help prevent interference be-
tween neighboring WCDMA and LTE
systems, the transmitting power in adja-
cent bands must not exceed either LTE-
or WCDMA -specific limits (Figure 3).
An extended ACLR test can check that
it doesn’t.

The use of OFDM, which enables
TTI-based allocation of resource blocks,
has led to significant changes in testing
requirements. The measuring equipment
must flexibly configure the requisite as-
signment tables and scheduling param-
eters for the uplink and downlink and
send these tables and parameters to the
user equipment. Meanwhile, the testers
must check the correct allocation of re-
source blocks and the transmitting char-
acteristics of the user equipment on the
uplink (Figure 4).

Given that multiple user devices can
concurrently use the available band-
width, testers must measure inband emis-
sions to determine whether the user de-
vice complies with allocation and trans-
mitting power requirements on the up-
link. This approach ensures that the
device does not interfere with other up-
link signals outside its allocated resource
blocks. Measurement equipment that
can flexibly set limits and independent-
ly check limits greatly simplifies testing
(Figure 5).

Because of the breadth of allocation
options available, testing generates a
large number of results. These results
depend extensively on the location
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Figure 4 The use of OFDM enables TTl-based allocation of resource blocks; this meas-
urement shows partial allocation of resource blocks.
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Figure 5 You must measure inband emissions to determine whether the user device
complies with allocation and transmitting power requirements on the uplink.

and size of the allocated resource blocks
within the time and frequency domains,
and developers must therefore interpret
them in context. In addition, some RF
impairments have an effect only on cer-
tain allocations.

The distribution of transmitting pow-
er across multiple subcarriers can lead to
power differences between subcarriers.
You can examine transmitting power at
the subcarrier level by testing spectrum
flatness, thereby enabling users to iden-
tify potential fluctuations with excep-
tional precision.

In receiver tests, the MAC layer uses
localized acknowledgment/negative-ac-

knowledgment-based BLER methods.

These methods for analyzing uplink sig-
nals are familiar from HSPA. With LTE
MIMO, the focus is on a scenario in
which you apply various fading profiles
to the downlink signal. To reduce devel-
opment time and costs, you can use stat-
ic channel models that simulate a static
fading profile instead of dynamic fading
profiles. The static models enable you to
analyze the effects on receiver behav-
ior using the BLER methods. In HSPA,
too, you measure the downlink signal
with fading and AWGN. In LTE, other
technologies inside and outside the LTE
band cause additional interference sig-
nals, calling for wider blocking tests and
adjacent-channel tests.



The follow-UL-CQI test, again famil-
iar from HSPA, is an important means
of adjusting the signaling parameters
and thus optimizing the receiving-signal
quality that a user device reports through
the CQI. Several values affect the qual-
ity in LTE, including Rank 1 or Rank 2
CQI, PMI, and RI values. Dynamically
changing parameters on active connec-
tions in the measuring equipment can
help to save time during these tests.

Testing user devices calls for a range
of measurement methods suitable for
checking the transmitter’s RF in com-
bination with the allocated resource
blocks on the uplink. Ideally, data for
computing transmitter measurements
should originate from a test sample and
appear simultaneously in a clearly struc-
tured form (Figure 6).

PERFORMANCE TESTING

All LTE user devices to date have
been data devices—in other words,
USB sticks and PC cards. The data-ser-
vices sector has mainly driven the mo-
tivation for introducing LTE. Neverthe-
less, the continuing debate over techni-
cal alternatives for the voice service and
the fact that a number of special-inter-
est groups focusing on it have formed
within the industry substantiate the em-
phasis on equally efficient voice support.
It remains to be seen which of the al-
ternatives will gain primacy. However,
data services pose greater requirements
than the voice service as far as proto-
col test-and-measurement systems are
concerned.

In LTE, only the PS domain exists,
not the CS domain. In general, multi-
ple services with different bearers oper-
ate in parallel in a manner comparable
with WCDMA multicall services. Fur-
thermore, once users power up and reg-
ister their devices, the devices imme-
diately have always-on status and can
almost instantly issue requests to trans-
mit data on the uplink or the downlink.
Consequently, functional tests spanning
all layers always require the measuring
equipment to provide a service that de-
livers data through the U plane.

A mobile device’s performance is of
direct relevance for end users. How fast
is the data rate, and what is the laten-
cy when starting services? To what ex-
tent does performance degrade when
reception is poor! Does the manufac-
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Figure 7 This constellation diagram for an eNodeB signal shows how multiple elements
representing, for example, different data rates or modulation schemes combine into a

composite signal.

turer guarantee that the device will in-
teroperate with different base stations’
When finding answers to these questions
and optimizing a data device, it is not
enough simply to check signaling proce-
dures or individual values you measure
at the IP level. Rather, it is important to
analyze bottlenecks in the protocol lay-
ers: Which level is causing unnecessary

retransmissions! Why does the BLER
increase under certain conditions? Pro-
tocol test-and-measurement equipment
must answer these questions and verify
signaling procedures. Thus, the lines be-
tween classic application tests and pro-
tocol tests are becoming increasingly
blurred.

If you test modules during develop-
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ment, the test equipment must provide
the necessary interfaces. In the past, it
may generally have been sufficient to
connect to the user equipment through
RE but it is now essential to provide in-
terfaces on the I/Q baseband because
the protocol software runs on the base-
band chip or on a chip emulation. It is
even possible to completely test a pro-
tocol stack without hardware if you re-
place the physical layer with emulation
software. Access to details of lower-level
protocol-layer configurations is essential
for meeting all these requirements.
Manufacturers will only gradually
roll out LTE networks. The rollout will
require thorough testing of the hand-
over signaling, as it is important to en-
sure that user equipment can transition
smoothly between technologies. Thus,
it is essential for test-and-measurement
equipment to provide a basic implemen-
tation of all technologies and support
for synchronization with LTE. Given
that MIMO plays a central role in en-
abling higher data rates, you must test
complex signaling procedures and user-

device feedback.

CONFORMANCE TESTING

GCEF certification of LTE user equip-
ment should begin in late 2010. Vali-
dation of the first test cases employing
3GPP specifications 36.521 and 36.523
has occurred. ETSI has chosen TTCN3
as the language for describing the tests.
TTCN3 is an enhancement of TTCNZ2,
the language used with WCDMA, and
now has more in common with a tra-
ditional programming language such
as C++. TTCN3 is therefore easier to
learn, and adjacent areas of develop-
ment, in addition to certification tests,
will likely adopt it.

In addition to the essential user-
equipment certification that GCF and
PTCRB perform, network operators
must also perform certification to their
own high standards. These tests place
greater emphasis on the characteristics
of the network infrastructure and on op-
timization of the available mobile-com-
munications services.

A CHANGE OF PERSPECTIVE

The swift and efficient development
of LTE base stations represents a core
challenge for infrastructure vendors. As
a rule, they deploy test systems well be-
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TABLE 1 MEASUREMENTS ON TRANSMITTERS AND RECEIVERS

Transmitter

Output power and dynamic range of output
power

Signal quality, such as frequency errors
and EVM

Unwanted emissions

Transmitter intermodulation

fore the commercial rollout of networks.
If possible, these systems should run on
the network infrastructure alongside
commercial platforms during the test
phase. This is why vendors conducted
numerous LTE field trials in 2009. To
determine which tests to perform dur-
ing the base-station-development cy-
cle, vendors drew on experience they
gathered over many years of successfully
operating mobile-communications sys-

tems, such as GSM and WCDMA. Ta-

THE SWIFT AND
EFFICIENT DEVELOP-
MENT OF LTE BASE
STATIONS REPRESENTS
A CORE CHALLENGE
FOR INFRASTRUCTURE
VENDORS.

ble 1 lists the measurements they per-
formed on transmitters and receivers.
Certain technical aspects of LTE are
of special importance in the develop-
ment of infrastructure products. MIMO
requires extended antenna systems at
the base station that you must verify
with the aid of signal analyzers. To mea-
sure a precoded MIMO signal from two
transmitting antennas, you must record
both data streams at once. LTE technol-
ogy uses complex precoding matrices
on the transmitting branch. Measuring
module parameters, such as EVM, for
example, generally requires information
from both transmitting signals. This re-
quirement calls for a modular-test-equip-
ment setup with two connected analyz-
ers. The measured values from the first

Receiver

Sensitivity and receiver dynamic range
Channel selectivity

Immunity to interference with adjacent inter-
fering signals on frequency band (blocking)

Interfering emissions in the receiver
Receiver intermodulation

Performance tests under various channel
conditions

signal analyzer transfer to the second on
a master/slave basis.

In addition, LTE uses shared frequen-
cy channels that multiple user devices
use jointly. These devices may use dif-
ferent data rates and, therefore, differ-
ent modulation types, including QPSK,
16QAM, and 64QAM. In addition, a
base station’s transmitting signal com-
prises user data, reference- and channel-
estimation information, and signaling
data, and these elements combine into
a composite signal (Figure 7).

Furthermore, MIMO requires precise
time alignment for transmitting signals.
The 3GPP test specifications therefore
now include a test to ensure that the sig-
nals of two or more antennas are time-
synchronized with an accuracy of at
least 90 nsec. Once you verify this re-
quirement, you combine the MIMO sig-
nal from each base-station antenna on
the RF and apply it to a signal analyzer’s
input.

In receiver testing, users need to apply
standards-compliant LTE signals, along
with various propagation models, to the
base-station receiver path. As a rule, this
approach employs PRBSs, and the base
station can reconstruct these PRBSs if
they are of a known length. By means of
a simple comparison, you can obtain the
error rates that enable the base-station
receiver’s performance for verification
under a variety of simulated propagation
conditions.

Because the receiver tests cover a di-
versity of interference scenarios and
propagation conditions, signal genera-
tors must be able to generate reference
signals. It can be advantageous if the
equipment can flexibly combine signals
and if you implement reference chan-
nels and specified propagation-channel
models, thereby enabling users to quick-



ly and flexibly configure scenarios and
greatly simplifying error detection.

In recent years, RRHs have become
common features in the design of base
stations. In designs of this kind, the RF
components and the base-station ampli-
fier reside in a remote front end directly
on the antenna. The advantage of this
approach is that it avoids line loss on
the RF cabling connecting the antenna,
thus increasing the base station’s avail-
able output power. The baseband signals
proceed to the RRH over an optical con-
nection. Two digital-interface standards,
CPRI and OBSAI, exist for WCDMA
base stations. Besides increasing modu-
larity in designs, the standardization of
this interface eases error identification
during the development cycle. It also al-
lows you to combine modules from dif-
ferent vendors. Furthermore, this setup
allows you to connect multiple RRHs
to a base station’s baseband, which can
help to achieve optimum coverage in
buildings, for example.

Preparations are currently under way
to standardize an optimized interface
format for LTE. The digital interface
between baseband and RF requires test-
and-measurement equipment—in par-
ticular, signal generators and signal ana-
lyzers—to support this format. This re-
quirement means that you can individu-
ally verify baseband or RF modules. As a
rule, a converter module translates the
measuring equipment’s digital baseband
language into the standardized format.

To support rapid and flexible resource
allocation, the base station assigns the
user device a certain channel capacity,
including both bandwidth and modula-
tion type, based on various parameters,
such as the network cell’s available ca-
pacity. The base station also acknowl-
edges each packet that it receives cor-
rectly; in other words, it tells the user
device whether it must retransmit a da-
ta packet or can proceed to transmit a
new packet. To verify correct operation
of the control mechanism in the base
station’s receiving branch during receiv-
er testing, signal generators must emu-
late the user device’s transmitting signal
and provide a means of interpreting the
base station’s feedback. The feedback
proceeds to a separate input on the sig-
nal generator; the signal generator then
decides in real time whether to request
retransmission of the same packet or re-

quest transmission of a new packet.

Although LTE is simpler in some
ways than its predecessor technology,
WCDMA, LTE user equipment is more
complex overall because it incorporates
additional procedures, such as MIMO,
and this complexity places tougher de-
mands on test-and-measurement sys-
tems. LTE can adopt a number of types
of measurements from the world of
WCDMA, but LTE involves new meas-
surements and a wide range of parame-
terization, on both the RF side and the
protocol side. LTE base-station testing
uses expanded connection options, for
example, to verify fast feedback pro-
cedures. These procedures are just as
necessary as MIMO signal generation
and signal analysis, which vendors im-
plement using multipath approaches.
When testing hand-over to earlier tech-
nologies, multitechnology platforms of-
fer huge benefits; with a view to the fu-
ture, these platforms are sound invest-
ments.EDN
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BY BRIAN DIPERT  SENIOR TECHNICAL EDITOR

THE FACT THAT 3-D IS A HOT TICKET IN TECH MAY NOT SURPRISE

YOU. THE FACT THAT IT'S HEADED SOON TO CONSUMERS" HOMES,

HOWEVER, MAY SURPRISE—AND DISMAY—CINEMA OWNERS.

AS THOSE of you who've closely
followed my online editorial cov-
erage of recent years know, the
booming recent interest in 3-D vid-
eo content is no surprise. It didn’t
take the impressive success of Av-
atar and other 3-D movies to cap-
ture my attention, and I was fol-
lowing the embryonic 3-D industry
long before being exposed to the
diversity of hardware, software, ser-
vices, and content at January’s CES
(Consumer Electronics Show) in
Las Vegas. More simply, all it took
for me to realize a few years ago
that 3-D would be the next big
thing was a history lesson.
Black-and-white movies began
their transition in the late 1920s
from silent films to “talkies.” View-
er demand, along with movie stu-
dios’ desires to enhance content ap-
peal and expand the market, drove
this migration. By the end of World
War II, however, black-and-white
televisions were becoming com-
monplace in homes, and studio and
theater owners alike consequently
saw TV as a potential distraction to
potential movie viewers’ eyeballs
and wallets. As such, they competi-
tively accelerated what had previ-
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ously been a somewhat-leisurely
transition from black-and-white to
color cinema.

The first NTSC (National Tele-
vision System Committee) broad-
cast occurred in late 1953, with
standardization at the end of that
year. Seeing the writing on the wall,
movie studios and directors respond-
ed by further upping the ante ver-
sus TV. Their competitive response
was twofold: Wide-screen films al-
most immediately gained traction
and quickly became commonplace
once the industry resolved the dis-
parities between competitive wide-
screen technologies. Widespread
use of surround sound in cinema
is a more recent phenomenon, al-
though it dates from 1940’s Fantasia
(Reference 1).

Flash-forward to the present, and
high-definition wide-screen dis-
plays and high-fidelity surround-
sound-audio systems are now per-
vasive in homes (Reference 2).
Feeding these technologies are
high-quality sound and video con-
tent, both residing locally on opti-
cal discs and transported to the liv-
ing room through various wired and
wireless broadcast channels (refer-
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ences 3 and 4). As such, the movie-the-
ater industry has dusted off the other
competitive technology it first tried out
back in the 1950s: 3-D. Digital cinema
is by itself insufficient to ensure contin-
ued moviegoer loyalty, in part because
the benefits versus the silver-halide pre-
decessor are mostly relevant to the the-
aters and studios: ease of distribution
and accounting, along with no media
degradation through repeated showings.
But digital technology does enable more
robust 3-D projection and viewing im-
plementations than the anaglyph—that
is, bicolor-lens glasses—approach al-
lowed for. The industry introduced that
approach more than a half-century ago
and largely discarded it soon afterward
(Reference 5).

Unfortunately for theater owners, 3-D
is coming to living rooms faster than the
cinema industry probably had hoped (see
sidebar “Theater transformations”). Al-
though last year’s NTSC-to-ATSC (Ad-
vanced Television Systems Committee)
conversion in the United States encour-
aged widespread consumer
transitions from standard-
definition CRTs (cathode-
ray tubes) to high-defini-
tion LCDs (liquid-crystal
displays) and plasma dis-
plays, the consumer-elec-
tronics industry’s attempts
to encourage an evolution
in both hardware and con-
tent libraries from DVD
(digital versatile disc) to
Blu-ray disc were less suc-
cessful (Reference 6).

More generally, the last
several years’ worth of
economic downturn has
encouraged potential pur-
chasers to keep their wal-
lets in their pockets, to
the widespread detriment
of the consumer-electron-
ics industry, which now
views 3-D as the spark
that might reignite con-
sumers’ interest and acqui-
sition habits. Ultimately,
studios seem loyal only to
their investors; a recent
dispute over the timing

;

of Walt Disney Co’s plans Figure 1 The cover art from a nine-plus-year-old EDN article showcases
to bring Tim Burton’s Al- the inexpensive but nonoptimal anaglyph approach to creating 3-D images.

ice in Wonderland to DVD
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AT A GLANCE

Bl The latest historical step in the
evolution of cinema, 3-D, is one that
may quickly sidestep cinemas.

Bl Various 3-D technologies deliver
varying realism results and trade-offs,
but all share the same fundamental
shortcoming: They require glasses.

Bl Glasses-free 3-D sounds great
in theory, but in reality it is both visu-
ally and fiscally unappealing.

Bl Squeezing two eyes’ worth of
images through a “straw” designed
for only one is a challenge that the
industry cannot simply or ideally
solve.

Bl The incremental data payload for
3-D also affects the required stor-
age capacity.

suggests that Disney and its peers are
fundamentally motivated by profit tar-
gets, not continued partnership with
any link in the historical content-distri-
bution chain (Reference 7).

THEORY, IMPLEMENTATION

Although various companies, research
laboratories, and academic institutions
are investigating 3-D holographic setups
like the one that the original Star Wars
memorably showcased, 2-D displays will
constitute the dominant means of view-
ing 3-D content for years to come. As
such, how do you trick a viewer’s eyes
and ears into extracting a 3-D presump-
tion from a flat-screen presentation?
Various 3-D approaches all start from
the same premise: Present perspective-
corrected views of each frame of a scene
to the viewer’s left and right eyes, either
simultaneously or sequentially and at a
sufficiently high rate that the cadence
is imperceptible, and then rely on the
brain to stitch them together as in real
life.

The devil is in the details, however.
The anaglyph approach that dates from
the 1950s typically relied on red and
blue filters, although more modern vari-
ants use different patterns (see sidebar
“Glasses alternatives”). These filters al-
low the brain to differen-
tiate between right- and
left-eye variants of an im-
age within the same frame.
Nearly a decade ago, EDN
published an example of
anaglyph 3-D and bun-
dled paper glasses with
the issue (Figure 1 and
Reference 8).

Anaglyph 3-D is rel-
atively  inexpensive  to
implement, but it suf-
fers from several notable
shortcomings that result-
ed in significant consum-
er backlash when the in-
dustry introduced it. For
one thing, the color fil-
ters substantially attenu-
ate the amount of light
reaching viewers’ eyes and
degrade the color gamut
of the image each eye re-
ceives. Second, the tech-
nology suffers from image
“bleed-through”—that is,
the partial presentation
of one eye’s intended im-
age to the other, and vice

versa. This bleed-through
distorts the 3-D presenta-
tion. Third, the glasses’
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dimensions are often incompatible with
viewers’ head sizes, eye-to-eye spacing,
and distance from screen and viewing
angles to the screen. These disparities
can result in headaches, nausea, dizzi-
ness, and other issues.

The industry has since developed sev-
eral other glasses formats, along with
the no-glasses autostereoscopic display
(Figure 2). One glasses format employs
polarization, a variant of the anaglyph
approach, with the same luminance-at-
tenuation issue but without anaglyph’s
chroma-shift problems. One eye’s per-
spective-corrected image leverages light
that polarizes differently from that of the
image the other eye receives. Matching
polarization in the glasses’ lenses pas-
sively routes the correct image to the
correct eye. The perceived success of tra-
ditional polarization, as measured by the
absence of image “leakage,” for example,
depended highly on how straight and

TABLE 1 FULL-FRAME BANDWIDTH REQUIREMENTS OF 3-D
VIDEO FORMATS (GBPS)

LENTICULAR

LCD
CELL

Figure 2 Anaglyph (a), passive-polarization (b), and
active-LCD-shutter (c) glasses offer varying combinations

of strengths and shortcomings, which the no-glasses
autostereoscopic display strives to surmount (d).

still viewers held their heads through
the presentation. The more modern cir-
cular-polarization technique alleviates
most of the orientation and immobil-
ity requirements. The other now-com-
mon glasses approach leverages an LCD
shutter in each lens. This technology
sequentially projects left- and right-per-
spective images timed to match the ca-
dence of sequential left and right active
passage and blockage of light transmis-
sion to each eye.

Passive-polarization systems in the-
aters can take the form of either a single
projector with a precisely paced spinning
polarizer disc in front of the projection
lens or a sequentially timed dual-projec-
tor arrangement. Both cases require the
installation of a special “silvered” screen
to preserve the projected light’s polar-
ization characteristics. Conversely, with
active-LCD-shutter glasses, theaters
can employ a conventional screen and

24-bit (8 bits/pixel) 30-bit (10 bits/pixel) 36-bit (12 bits/pixel)
720p24 1.1 13 16
720p30 1.3 1.7 2
720p60 2.7 33 0.3
1080i60 38\ 4.5
1080p60 75 9

single-projector setup. This approach
commonly uses an infrared beam that
comes from the projector, bounces off
the screen, and floods the audience to
control the switching rate of viewers’

If 3-D technology does rapidly
invade the home, it may quickly
obviate any meaningful differen-
tiation between movie theaters
and living-room theaters. This
step does not necessarily herald
the death of cinemas, however.
Look, for example, at the largely
successful live-broadcast trials
of concerts, sports venues, and
other events to theaters in sev-
eral cities, states, and countries.
Most of these presentations
have been in 2-D, but there’s no
reason that they couldn’t quickly
migrate to 3-D given the infra-
structure in many venues. The
2012 Summer Olympics, the next
Super Bowl, or even a gig by a
band that otherwise wouldn’t
come to my home town pre-
sented live in large-screen 3-D
and surround sound: I’d buy that.
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glasses. However, active LCD
glasses are substantially more
expensive and bulky than their

passive-polarizer counterparts, (a)

and theaters must regularly re-
charge their embedded batter-
ies. All these factors necessitate

their collection and cleaning (b)

before distributing them for re-
use, and some consumers voice
concerns about sanitation.

()

(d

1920 pixels

1080 pixels

2205 pixels

1080 pixels

1920 pixels
(e)

Figure 3 One approach to squeezing two eyes’ worth of information into the bandwidth previously

DISPLAY CONTENDERS

Migrate 3-D from the mov-
ie theater to the home theater,
and your implementation op-
tions radically expand. Your
customers could, of course,
mimic a theater configuration using a
single-projector or multiprojector ar-
rangement employing DLP (digital-light
projection), LCD, or LCOS (liquid-crys-
tal-on-silicon) technology, but such set-
ups are largely restricted to videophiles.
Because modern LCD and plasma di-
rect-view televisions switch and refresh
fast enough for stutter-free playback,
you can alternatively employ active-
shutter glasses, timed through an infra-
red, RF (radio-frequency), or wired con-
nection to the display, to synchronize
with a sequentially displayed right- and
left-eye-intended version of each frame.
Alternatively, some LCDs leverage pas-

g
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sive polarization, in which a polarizer
filter lies directly atop each consecutive
display line. This filter tailors that line’s
image for one of the viewer’s eyes. The
chief downside of the passive approach
is that it halves the effective vertical res-
olution that each eye perceives. How-
ever, you can usually disable the polar-
ization effect for use when viewing 2-D
content or 3-D content that the display
has dynamically converted to 2-D for
viewing without using glasses.

Any glasses-based 3-D technology,
however, has several notable shortcom-
ings. Chief among them is the sizing con-
cern; any mismatch between the glasses’

Figure 4 The 3-D gaming
kits tether glasses to
computers using wired
or wireless infrared or
RF connectivity.

tailored for one frame of data is to diminish the resolution of each eye's image using a variety of
pixel-combining techniques: side by side (a), over and under (b), line by line (c), and checkerboard
(d). Even if there's sufficient payload available for two full frames’ worth of pixels per 3-D image,
there's no guarantee that hardware down the chain will accept it (e).

and viewer’s facial dimensions will lead
to discomfort or worse. There’s also the
potential for breakage or misplacement
and, therefore, the need for replacement
of glasses, a concern to consumers but
perhaps a tempting opportunity for sup-
plier profit, particularly with the com-
paratively expensive active-shutter ap-
proach. Also, LCD glasses’ need for pe-
riodic recharging can lead to frustration
when potential customers must resched-
ule movie night because of the glasses’
drained batteries or failure in the mid-
dle of a movie. Finally, there’s the com-
patibility worry, a likely scenario in the
early days of any new technology. Isn’t
it reasonable to assume that consumers
will be reluctant to invest in glasses that
they can’t use at the homes of friends,
family members, and neighbors or a
3-D technology that an upstart alterna-
tive might render obsolete?

Taking a no-glasses tack at solving
the problem, a number of manufactur-
ers have developed autostereoscopic dis-
plays. These displays incorporate len-
ticular lenses, parallax barriers, or other
mechanisms to create depth perception
from a flat projection surface. To suc-
ceed to a reasonable degree, however,
autostereoscopy requires that the view-
er be rigidly positioned in a “sweet spot”
throughout the presentation. Even un-
der ideal circumstances, autostereoscopy
doesn’t create a compelling end result.
I've auditioned many autostereoscopic
displays over the years, and I've never
walked away even remotely impressed.
Fortunately, users can switch autostereo-
scopic displays into 2-D mode to view
conventional content. Like with other



specialty-display types, such as large-
screen OLEDs (organic light-emitting
diodes), it’s nonetheless difficult to en-
vision that autostereoscopy can achieve
sufficient early-adopter sales to apprecia-
bly reduce costs and prices for the masses.

DISTRIBUTION CHALLENGES

How can you transport discrete right-
and left-eye versions of each video
frame’s information through a wired or
wireless “pipe” that was originally band-
width-tuned for single 2-D frame trans-
port? In short, you can’t. This pragmatic
reality means that trade-offs will be nec-
essary to accomplish a 3-D presentation.
Two bandwidth-slimming possibilities
are to lower the per-pixel color depth
or the playback frame rate. Take HDMI
(high-definition multimedia interface),
for example (Reference 9). Now-per-
vasive HDMI Version 1.3 has 340 MHz
of bandwidth—more than double the
single-link bandwidth of its HDMI Ver-
sion 1.2 predecessor. This bandwidth
speedup translates to 10.2-Gbps TMDS
(transition-minimized-differential-sig-
naling) bandwidth, or 8.16-Gbps video
bandwidth, which is more meaningful
to the application. This bit rate is ade-
quate for passing a 3-D variant of a full-
frame 720p30, 1080160, or even 1080p60
video presentation at 24-bit-per-pixel
color (Table 1). Higher-color-depth,
higher-frame-rate, or higher-resolution
3-D video clips, however, could find
HDMI 1.3 or HDMI Version 1.4, which

Anaglyph, active-LCD-shutter, and passive-polarizer 3-D glasses may be the
most prevalent options available today, but they’re not the only candidates.
Keep an eye on Dolby 3-D, which blends the attributes of the anaglyph and
passive-polarizer approaches. Like both of these traditional approaches, the
Dolby 3-D glasses are relatively lightweight and inexpensive.

Like anaglyph, Dolby 3-D relies on fine-grained-color-spectrum segmen-
tation to differentiate between right- and left-eye-intended images. Unlike
anaglyph and like passive polarization, however, each eye receives a full-
spectrum presentation. And unlike passive polarization, a theater retrofit to
install an expensive silvered screen is not necessary.

Chromatek’s ChromaDepth, a modern descendant of anaglyph, leverages a
microprism-based film that attaches to the glasses’ lenses to alter perceived
objects’ 3-D depth based on their color. Ilts major shortcoming is the fixed
colors that objects can display: red objects in front and blue in back, with
varying depth between them matching the visible light spectrum.

Implementers of 3-D technology may also consider the Pulfrich effect,

a human-visual-system oddity in which eyes perceive side-by-side motion
as having depth when accompanied by an eye-to-eye-synchronization lag.
Glasses manufacturers commonly implement this effect by placing a darker
lens over one eye, so when something moves from left to right, it will look
as if it’s moving back or forward-in 3-D. Coca-Cola used this technique in a
commercial that aired at halftime of Super Bowl XXIIl, and reportedly dis-
tributed 40 million pairs of Pulfrich glasses before the broadcast.

has the same speed as its predecessor,
lacking from a bandwidth standpoint.
Such a demanding data payload might
come, for example, from a game run-
ning on a computer or an arcade console
(Reference 10).

Lower-bandwidth connections, such
as broadband-Internet WAN (wide-area

network), wired and wireless LAN (lo-

cal-area network), and ATSC-broadcast
beacons, have even more challenged
3-D capabilities, despite the fact that
low-bit-rate, lossy compression algo-
rithms usually find use as their video co-
decs (Reference 11). As such, per-frame
resolution reductions are often neces-
sary so that two frames’ worth of infor-
mation, corresponding to the right- and

FUJ:FILM

Figure 5 Panasonic plans to produce

a 3-D camera targeting budding profes-
sional videographers (a); Fujifilm's hard-
ware has humbler aspirations and

a lower price tag (b).
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Hollywood has enthusiastic plans for rapidly transitioning upcoming movie
releases to 3-D-optional or even 3-D-only formats. Such material will inher-
ently be 3-D-ready when it comes to the home through various physical media
and streamed distribution channels. For 3-D to gain rapid acceptance by con-
sumers, however, some robust means must exist for converting a meaningful
percentage of legacy 2-D content to the new format. This scenario is analo-
gous to how, under the tenure of media mogul Ted Turner, the industry “color-
ized” legacy black-and-white films. For consumer-graphics-heavy content,
the process is relatively straightforward: Re-render the geometry data for two
eyes’ worth of perspective rather than one. The makers of the 3-D version of
The Polar Express used this approach (Reference A).

Conversely, with traditionally captured images, the 2-D-to-3-D conversion
is far more involved, and the results are far less predictable in their realism.
With the 3-D remake of Tim Burton’s The Nightmare Before Christmas, for
example, which the director created using stop-motion 2-D image capture
of miniature physical models, the studio did a frame-by-frame digitization
of the entire film (Reference B). The studio then used heavy-duty computer
and graphics-processor horsepower to morph each frame into its opposite-
eye counterpart. Consider that Toshiba showcased a simplified variant of
the same process at January’s Consumer Electronics Show in real time in
the company’s TVs to transform 2-D content into a pseudo-3-D variant. You’ll
appreciate the capabilities of the embedded Cell CPU that executed the
algorithms.
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left-eye data, can squeeze into the trans-
port space that one frame’s worth of data
formerly used. The resolution-reduction
techniques take different approaches to
optimizing the trade-off between resul-
tant image quality and processing com-
plexity (Figure 3).

The side-by-side scheme requires
that the video processor in the display
or projector subsequently horizontally
expand each eye’s image to fill the full
frame size, whereas the “over-and-un-
der,” “above-and-below,” or “top-and-
bottom” approach requires subsequent
vertical scaling. Adding support for the
over-and-under approach is the impe-
tus for the HDMI Version 1.4a specifi-
cation, which is now publicly available.
Alternatively, the technology can scat-
ter the right and left eye’s data across the
source frame in a line-by-line or check-
erboard pattern. Keep in mind that fur-
ther alternation may be necessary to
tailor the material to the target display
technology once the video data travers-
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es the interconnection to the destina-
tion playback device.

Rather than rapidly presenting the
right and left eye’s information in frame
sequence and synchronizing it to ac-
tive-LCD-shutter glasses, as projectors,
plasma displays, and some LCD TVs
do, other LCD TVs “stripe” the two
eyes’ data within a single display frame.
Even if full-frame 3-D playback is pos-
sible over the transmission channel, the
destination device may be unable to ac-
cept it without a firmware upgrade. The
1920 2205-pixel frame size of the full
over-and-under 3-D implementation,
for example, is incompatible with the
EDID (extended-display-identification
data) in almost all currently installed
displays, as well as that in intermediary
A/V (audio/video) receivers and HDMI

switchboxes (Reference 12).

CAPTURE AND STORAGE

The same data-payload constraints
that may hamper transmission chan-

nels in 2-D-to-3-D conversion also po-
tentially have an impact on the storage
devices that archive the video informa-
tion. Storing the left and right eyes’ per-
frame information in full frame would
require more than double the capacity
of 2-D technology. The Blu-ray disc As-
sociation last December announced its
support for the 3-D video format. Ironi-
cally, 3-D may finally provide sufficient
justification for Blu-ray’s increased ca-
pacity over its DVD predecessor because
a multilayer DVD in combination with
an advanced video codec, such as H.264
or VC-1, provides sufficient capacity to
hold a full-length Hollywood feature
film in a 2-D, high-definition format
(Reference 13).

Speaking of film, how do moviemak-
ers create 3-D presentations? With full
computer-graphics animation sequenc-
es, the process is relatively straightfor-
ward, involving rendering distinct ver-
sions of each frame’s geometry data from
the right and left eyes’ perspectives (see
sidebar “2-D conversions”). The algo-
rithms can even sometimes run in real
time on a modern graphics processor, as
the glasses-plus-board retail kits employ-
ing AMD/ATI and Nvidia chips dem-
onstrate (Figure 4).

More traditional video-image capture
requires a dual-lens setup, often with du-
al sensors and dual storage devices. Pan-
asonic showed such a videocamera for
professional videographers at January’s
CES. The $21,000 AG-3DA1, which
the company had previously unveiled
at the April 2009 NAB (National As-
sociation of Broadcasters) show, will be-
come available for sale this fall. Nvidia’s
press briefing at the same CES show-
cased Fujifilm’s more moderately priced
and featured FinePix Real 3-D W13-D
videocamera (Figure 5). It’s probably no
surprise that large consumer-electronics
companies, such as dominant Blu-ray
backer Sony, have plans for 3-D-sup-
portive still cameras and videocameras,
and CES demonstrations from even en-
try-level imaging manufacturers suggest
that the technology will rapidly and per-
vasively make its way into the market-
place. Some degree of initial incompati-
bility between capture sources, playback
destinations, and intermediary devices
is inevitable until industry and de facto
standards take hold, but the long-term
future for 3-D looks realistic.Ebn
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COMPLEX
MODULATION
COMES TO

OTICAL [EIRERS

BY MARTIN ROWE e« TEST & MEASUREMENT WORLD

he demand for greater data throughput seems
endless, and it is accelerating faster than many
people expected, creating bottlenecks in fiber-
optics networks. Digital transmissions of 100
Gbps, which companies are just now intro-
ducing, should alleviate some of these bottle-
necks. A year ago, most of the work surround-
ing 100-Gbps links started with 10 10-Gbps lanes over short
distances. Since then, Verizon has deployed the first long-
haul 100-Gbps link using four 25-Gbps lanes (Reference
1). With it comes complex modulation that optical com-
munications have never before used.

The new modulation schemes are
necessary for handling long-distance
transmissions. Short-haul commu-
nications, the so-called client side
within campuses and local metro-
politan areas, don’t need complex
modulation because their distances
are short enough to accommodate
the higher speeds (Figure 1). On the
client side, with distances as great
as 40 km, 100-Gbps links can use
four 25-Gbps lanes. IEEE 802.3ba
defines these data links (Reference
2). Because short-haul 100-Gbps
links use four wavelengths on a sin-
gle fiber or even 10 10-Gbps fibers
over the shortest distances, more
fiber may be necessary to increase
over the current 10-Gbps speed.
Installing additional fiber over the
short distances between buildings
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on a campus isn’t expensive.

This is not the case for long-haul
transmissions—the “line side” of
networks for which service provid-
ers need transmissions of hundreds
of kilometers. Adding fiber to com-
pensate for additional lanes is just
too expensive. “Carriers need to
squeeze 100-Gbps throughput rates
into their existing fiber plants, many
of which were designed for 10 Gbps
and some of which were designed
for 2.5-Gbps fiber links,” says Pavel
Zivny, a product engineer at Tektro-
nix (www.tek.com).

Simply squeezing a 100-Gbps
NRZ (nonreturn-to-zero) stream into
existing fiber is impractical. Current
DWDM (dense-wavelength-division-
multiplexing) fibers use 50-GHz spac-
ing between channels. Although that

FIBER IS RUNNING OUT OF

BANDWIDTH JUST AS DIAL-
UP LINES DID YEARS AGO.
COMPLEX MODULATION'_
AGAIN SOLVES THE PROBLEM.




channel spacing is sufficient for 10-Gbps
data streams using NRZ modulation, it is
too narrow for 100-Gbps NRZ streams.
“You can’t put 100-Gbps streams right on
the carrier,” says Mike Schnecker, busi-
ness-development manager at LeCroy
(www.lecroy.com), because, for a 100-
Gbps NRZ signal, each bit is just 10 psec
wide.

“Because of crosstalk between adja-
cent channels, 100-Gbps data streams
can’t be used in DWDM systems,” says
Hiroshi Goto, an optical-product spe-
cialist at Anritsu (www.anritsu.com).
“PMD [polarization-mode dispersion]
and CD [chromatic dispersion] prevent
that [scenario]. There’s too much distor-
tion. The pulses distort and overlap.”

To work around the problem, the OIF
(Optical Internetworking Forum, www.

10/40/100-GBPS

AT A GLANCE

Carriers must squeeze

100 Gbps into their fiber plants,
which were designed for 10- or
even 2.5-Gbps fiber links.

DWDM (dense-wavelength-divi-
sion-multiplexing) systems can't use
100-Gbps data streams because
of crosstalk between adjacent
channels.

QPSK (quadrature-phase-shift-
keying) signals are more susceptible
to noise and nonlinear phase distor-
tion than NRZ (nonreturn-to-zero)
signals.

oiforum.com) has recommended using
complex modulation to squeeze more
bits per second per hertz from existing
fiber. The OIF-proposed modulation
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SWITCH/ROUTER pg >

10/40/100-GBPS
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Figure 1 Carriers use the line side of a data link for long-haul transmissions
between cities. Client-side transmissions link campuses and local metropolitan areas.
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uses QPSK (quadrature-phase-shift key-
ing) and two polarizations to achieve
100-Gbps throughput on a single wave-
length. QPSK is common in digital RF
communications, but it’s new to fiber-
optics communications.

A 100-Gbps link consists of two 50-
Gbps streams in two polarizations—TE
(transverse electric) and TM (trans-
verse magnetic)—that propagate in two
orthogonal polarization planes. Each
50-Gbps stream consists of 25G sym-
bols/sec. QPSK modulation packs 2 bits
into one symbol. Because the QPSK
signal travels in two polarizations, it is
called either DP-QPSK (dual-polariza-
tion QPSK) or PM-QPSK (polarization-
mode QPSK); the terms are interchange-
able, and both are commonly used. This
article uses DP-QPSK when referring to
the two polarizations and QPSK when
referring to one polarization.

COMPLEX MODULATION

Figure 2 illustrates the modulation
process. A single 100-Gbps bit stream
splits into TE and TM polarizations.
That step produces two carriers at the
same frequency. Each carrier then under-
goes [/Q (in-phase/quadrature) modula-
tion, resulting in two 25G-symbol/sec
streams. The total is 100 Gbps, but the
actual data rate is somewhat higher (see
sidebar “What'’s in a G?”). The polariza-
tion splitter in Figure 2 appears before
the QPSK modulators. Some transceiver
designs may place the I/Q modulators
first and then split the
modulated signals into
two polarizations.

QPSK  modulation

T places 2 bits per sym-

MODULATOR 00

4

Q bol by phase-shifting
a carrier of light in

10

25-GBPS DATA
25-GBPS DATA

response to incom-
ing bit pairs (00, 01,
10, 11). Each symbol
represents 2 bits. A
receiver demodulates
each symbol into its

MODULATED
100-GBPS
OPTICAL SIGNAL

g MODULATOR 01

l

90° PHASE

SHIFT

Figure 2 A 100-Gbps transmitter splits a laser into two polarizations and then modulates four 25-Gbps

2 bits and produces a

00

4

50-Gbps digital data

10 stream. In addition,

MODULATOR Q

25-GBPS DATA

data streams onto a single fiber at a single wavelength.

25G SYMBOLS/SEC
(50 GBPS)

bits undergo precoding
before modulation and
decoding after modula-
tion (Reference 3). A
receiver then produces
four 25-Gbps electrical
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signals after it demodulates and decodes
the incoming DP-QPSK signal.

QPSK signals carry twice the number
of bits per symbol that NRZ signals
carry. Thus, the two modula-
tions produce signals that
degrade differently as they
pass through fiber. Peter
Andrekson, director of
EXFO Sweden (www.exfo.
com), explains that QPSK signals are
more susceptible to noise and nonlin-
ear phase distortion than NRZ signals.
“Because of the higher noise suscep-
tibility, QPSK-modulated signals will
require higher power than NRZ signals,”
he says.

QPSK ' signals have an important
advantage over NRZ signals, though.
They’re less susceptible to bit errors from
chromatic dispersion and group delay at
the same bit rate. That’s because one
Ul (unit interval) of a 100-Gbps data
stream is 10 psec wide. Because line-side
transmissions use four 25-Gbps lanes,
each symbol is 40 psec wide, which
results in a lower bandwidth.

The 40-psec-wide symbol of a 25G-
symbol/sec stream is shorter and requires
more bandwidth than a 10-Gbps, 100-
psec-wide NRZ signal. Thus, the 25G-
symbol/sec signal is more susceptible to
errors from dispersion than a 10-Gbps
NRZ signal, but it’s less susceptible to

WHAT'S IN A G?

The terms “100G,’ “40G,’ and “25G”
refer to the data throughput of an
optical link. Because of formatting
and FEC (forward-error correction),
actual data rates are higher than
the numbers indicate.

For example, the data rate for
a 100-GbE (Gigabit Ethernet)
transmission is actually 103.125
Gbps, but the data throughput is
25 Gbps. Therefore, each 25-Gbps
lane actually carries 25.78125 Gbps
(26 Gbps) for the client side. So,
if a test-equipment manufacturer
claims that its products have 26-
Gbps speed, it means that the
product covers the 25.78125-Gbps
data rate. A 27.739-Gbps (28 Gbps)
data rate is also under consider-
ation for Ethernet client-side
networks.
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Figure 3 Optical transceivers for client-
side transmission are based on the CFP
multisource agreement for size and elec-
trical connections to a line card (courtesy
Finisar).

degradation than a 100-Gbps NRZ
signal. “There is a trade-off between
complexity and SNR [signal-to-noise
ratio] versus dispersion tolerance and
hardware bandwidth at a given bit rate,”
explains Andrekson.

The DP-QPSK technology is so new
that no transceiver modules exist for the
line side. Chris Cole, senior member of
the technical staff at Finisar (www.finisar.
com), explains that line-side transceiver
modules are larger than client-side mod-
ules (Figure 3), which a multisource
agreement currently defines (Reference
4). Cole notes that designers can even

For line-side networks, long-haul

transmissions, links need addi-
tional FEC. The line rate for 100-
Gbps links with 7% FEC is about

112 Gbps, which translates to about

28 Gbps on each lane. According
to the Optical Internetworking

Forum’s “100G Ultra Long Haul
DWDM Framework Document,” the

exact rate has not yet been speci-
fied (
sions can also use a higher FEC
overhead of 20%, which increases
the bit rate to about 32 Gbps.

). These transmis-

REFERENCE

& “100G Ultra Long Haul DWDM

Framework Document,” Optical Inter-
networking Forum, www.oiforum.com/
public/documents/OIF-FD-100G-
DWDM-01.0.pdf.

implement line-side transceiv-
ers as line cards rather than as
modules.

TEST WILL CHANGE, TOO
The shift from NRZ to DP-QPSK

modulation brings the constellation
diagram to the forefront of fiber-optics
test. Although constellation diagrams
are common in RF wireless transmis-
sions, they’re new to optical commu-
nications. Constellation diagrams are
the first measurement you make on a
QPSK transmission. Constellation dia-
grams provide information about the
transmitted signal’s integrity. Dispersion
and nonlinearities can cause signal deg-
radation, resulting in distortion. Figure
4 shows constellation diagrams for both
polarizations in a DP-QPSK signal. The
constellation’s points are clearly vis-
ible in Figure 4, but they can become
indistinguishable in the presence of too
much distortion.

The two lower-right traces in Figure
4 show the QPSK-modulated signal’s
magnitude (upper trace) and phase
(lower trace). Note the apparent dis-
continuities on the phase-angle dia-
gram. They result from phase shifts due
to the encoding of bit pairs in the QPSK
modulation.

For testing the optical DP-QPSK
signal, you can use an optical-modu-
lation or an optical-signal analyzer.
These instruments produce constella-
tion diagrams, decode them into elec-
trical data streams, and display them
as eye diagrams. Agilent Technologies
(www.agilent.com), Anritsu, EXFO, and
Optametra (www.optametra.com) serve
this market, and Optametra’s product
employs a Tektronix oscilloscope.

“There’s no test specification for
the 100-Gbps long-haul optical wave-
form, so test-equipment makers must
talk to the optical-module makers to
find out what they need to measure,”
says Finisar’s Cole. “Each company will
have different needs.” Cole also notes
that test equipment must support 28G-
and 32G-symbol/sec signals. “There are
DP-QPSK test systems that run at 22G
symbols/sec for 40-Gbps links, but new
equipment will need to run at 28G and
32G symbols/sec to support 100-Gbps
links.”

Testing the receiver side of optical
transceivers is even more up in the air
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Figure 4 Constellation diagrams will become a mainstream tool for analyzing DP-QPSK modulated signals (courtesy EXFO).

because specifications do not yet exist
for stressed-receiver testing. Cole says
that test equipment must be able to
generate DP-QPSK  signals, and that
requirement can introduce controlled
impairments, such as chromatic dis-
persion and polarization-mode disper-
sion. These impairments cause the TE
and TM carriers to rotate as they pass
through fiber. The impairments must
produce stressed eye patterns after
demodulating and decoding so that
engineers can measure the signals once
they’re in electrical form.

Figure 4 also shows the two eye dia-
grams (upper right) representing two 25-
Gbps lanes from one polarization. “You'll
have to look at eye-mask margins, jitter,
and extinction ratio; that’s the same as
for 10-Gbps links,” says Cole.

Engineers now use oscilloscopes and
BER (bit-error-rate) testers to ana-
lyze eye diagrams. Some engineers use
high-bandwidth oscilloscopes to cap-
ture DP-QPSK signals. “Because of the
modulation, signals at the receiver look

like noise,” says LeCroy’s Schnecker.
“Signals are no longer repetitive, and
thus you need a real-time oscilloscope.”
Zivny of Tektronix has also worked with
engineers using real-time oscilloscopes
on DP-QPSK signals. A four-channel
oscilloscope lets you see all four decoded,
demodulated data streams with high
timebase correlation.

Engineers developing DP-QPSK trans-
ceivers use BER testers to produce the 25-
Ghbps data streams for each I and Q phase
of a QPSK signal. They also use BER
testers to measure BER on the demodu-
lated, decoded signals. BER testers from
Agilent Technologies and SyntheSys
Research (bertscope.com) can measure
BER at data rates as high as 28 Gbps.

Over the next few years, the industry
will continue to develop 100-Gbps line-
side transmissions. Test specifications
will also emerge as optical-module man-
ufacturers work with test-equipment
makers and standards bodies to identify
test issues and to develop test procedures
and equipment.
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BY BERNARD HYLAND « MAXIM INTEGRATED PRODUCTS

Measure

propagation

delays using time-domain

reflectometry

TDR BEATS ACTIVE PROBES FOR HIGH-SPEED DELAY MEASUREMENTS.

ou normally use TDR (time-domain reflec-

tometry) to measure impedance change along

a signal path (Reference 1). It is also a valu-

able tool for measuring propagation delays. The

TDR technique is applicable to any high-speed

circuit. You can use the propagation delay of a
high-speed pin-electronics IC in ATE (automatic test equip-
ment) to perform these measurements. These ICs contain
high-speed drivers, active loads, and window comparators that
operate in excess of 1 Gbps.

To perform TDR, you propagate a fast edge down a signal
path and observe the reflection. The reflection shows the im-
pedance along that signal path, as well as the delay that each
change in the impedance imposes (Figure 1). In this case, the
T,y is the delay of the PCB (printed-circuit board) run you
are measuring, and Z, is the impedance of the PCB run. Using
TDR eliminates direct probing of the circuit, which is a diffi-
cult procedure because it entails placing probes on the device
pins. These probes become part of the high-speed signal path
and distort the signal you want to measure. Even a high-im-
pedance active probe can load your circuit.

Rather than using active probes, you can use the TDR meas-
urement capabilities of a Tektronix (www.tek.com) TDS8000-
series oscilloscope with a model 80E04 TDR sampling module
(Figure 2). The sampling heads have a 20-GHz bandwidth.
You also use an Agilent/HP (www.agilent.com) 8082A pulse
generator. You can use an evaluation board from the IC manu-

facturer for the DUT (device under test, Figure 3). The high-
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Figure 1 TDR measurements employ the reflection coefficient

p:(VREFLECTED/VINC\DENT)' The characteristic impedance, Z,, is

equal to p(1+p)/(1—p).
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speed inputs to this board are DATA1 and NDATAI.

Using this setup, you make several measurements. You meas-
ure the delay due to the SMA (subminiature Type A) connec-
tors J14 and ]J13 and the PCB runs under the heat sink. You
measure the delay from the output of the IC through SMA
connector J18. You measure the delay in the test cable con-
necting the DUT1 output to the oscilloscope. You measure
the total delay from the DATA1 and NDATAI inputs to the
DUTT output and through the cable to the oscilloscope. The
data from these measurements let you calculate the signal
delay through the IC.

Because TDR responses can be confusing, you should model
the input delays using a Spice simulator (Figure 4). You com-
pare the simulation with actual measurements and model the
DATA1 and NDATA1 PCB runs as 6-in. lengths with 650
impedances. These traces are intended to be 50€) runs, but
TDR measurements show them to be 63€). You terminate the
NDATA1 output to ground. Because DATA1 and NDATA1
are symmetrical, with identical lengths to the pins of the IC,
you need to measure only the DATA1 PCB run. You also
model a 12-in. cable from the generator, although that model

== =

g\ Y VUV \fefEdE ==
A
il
el

S e wlBe \ 3

Figure 2 Rather than using active probes, you can use the TDR
measurement capabilities of a Tektronix TDS8000-series oscillo-
scope with a model 80E04 TDR sampling module.
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Because TDR responses can be confusing, you should
model the input delays using a Spice simulator.

is not necessary for the actual propagation-delay measure-
ment. You solve the Spice simulation for the voltage at test
point TPv3 (Figure 5).

The simulation input signal is a step function with a 0.5V
amplitude. This amplitude emulates the TDR signal from the
oscilloscope. You can read the time delays for various elements
in the model directly from the horizontal axis.

The part of the waveform labeled Step 1 represents the 12-
in. cable from the pulse generator. The simulated delay time
is about 3 nsec—twice the actual delay of 1.5 nsec. The part
of the waveform labeled Step 2 represents the delay for the
DATA1 PCB run. The simulation shows a delay of approxi-
mately 2 nsec—twice the actual PCB delay of 1 nsec. The
other delays represent reflections of the pulse through the
DATA1 PCB run.

The impedance of these various elements is proportional to
voltage, as the Y axis indicates. The X axis represents signal
reflections due to the single-input step signal directly in time.
You can compare this simulation with the ideal version of this
signal (Figure 1).
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You solve the Spice simulation for the voltage at test
point TPv3.
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You measure the delay of the 2-in. SMA cable that
attaches the DUT1 node to the oscilloscope’s vertical input.

Use the following procedure to measure the propagation
delay through the IC. First, measure the delay of the 2-in.
SMA cable that attaches the DUT1 node to the oscilloscope’s
vertical input (Figure 6). Connect the 2-in. SMA-to-SMA
cable to one input of the TDR module, leaving the other end
open. You make the measurement using the TDR pulldown
menu. Note that the waveform looks like the “open” example
in Figure 1. Because the 804-psec delay is twice the delay of
the cable, the equivalent “cable length” is 402 psec. Also note
that the second waveform step is exactly halfway between the
top and bottom steps. Recalling the TDR basics, this fact indi-
cates that the impedance of this 2-in. cable is truly 50€).

You next measure the delay and impedance of the PCB
run associated with the DATAT1 input signal (Figure 7). You
should verify the accuracy of the model by comparing this
waveform with the simulation of Figure 5. You set the cursors
to measure the impedance of the trace. The first waveform
step is 50(), representing the cable from the oscilloscope. The
second cursor shows an impedance of 97.8(), representing the
value of the IC’s internal 1004} resistor that connects across
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You measure the delay and impedance of the PCB run
associated with the DATA1 input signal.
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You can expand the waveform in Figure 7 to allow
measurement of delay.

DATA1 and NDATA1, which RL1 in Figure 4 represents.
The impedance of the second waveform step measures 63(),
meaning that the PCB runs for DATA1 and NDATA1 were
not designed to be 50(), as you would expect. The 150€ level
for the third reflection represents the sum of delays for the
50Q) cable and the 100€) resistor.

To make this measurement, connect one end of the 12-
in. SMA cable to the oscilloscope and the other end to the
DATA1 SMA input connector on the evaluation board. You
should ground the NDATA1 SMA connector with an SMA
ground, as Figure 4 shows. The SMA cable should be as short
as possible, but its length is irrelevant to the propagation-delay
measurement.

You need not apply power to the evaluation board. The
measurement was made with the IC soldered onto the board
and no power applied. Some users prefer to make this meas-
urement without soldering the device. Disconnecting the IC
simulates an open condition, as Figure 1 shows, and produces
a cleaner three-step signal. The delay-time measurements are
the same in either configuration.
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You measure delay and impedance for the PCB run that
connects to the DUT1’s output signal.

Fle Edt View Setup Utiities Help [Triggered I Tekmonix | _ |5 x|

5| AcaMode [Sample =] Tria[Extemal Direct =] Z=|fo.800mv sox|k?|
=l s

> = = Q@ | [ gl o] smanves
C1 and C2 represent the complementary-PECL
DATA1 and NDATA1 signals.
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The IC generates a 3V signal into the 50() load of the
oscilloscope.



The first waveform step corresponds
to cable delay, which is not of interest.
The second waveform step represents
the delay of the DATA1 PCB run (Fig-
ure 8). The DATA1 PCB delay is 0.695
nsec—half the second-step measurement
of 1.39 nsec. This result is larger than the
model predicts, but the model estimate is
only for comparison purposes.

You make measurements between dips in the signal. These
dips indicate the presence of distributed capacitance, which
the SMA connector on the board and the DATA1 pin of the
IC create. As a consequence, you measure between the dips to
ensure that the measurement includes SMA and pin delays.
The inductance of the SMA connection to the board creates a
waveform bump. You take the measurement before this bump
to ensure that you capture the full board delay.

Next, you measure delay and impedance for the PCB run
that connects to the DUT1’s output signal (Figure 9). Use
the same setup as that in figures 7 and 8. You connect a 2-
in. SMA cable between the TDS8000 80E04 module and the
DUT1 SMA connector on the MAX9979 evaluation kit. The
first waveform step represents the 2-in. cable. The TDR’s sig-
nal amplitude is 0.5V. The 250-mV amplitude indicates that
the cable impedance is 50€).

You make the DUT1 delay measurement between the two
dips, just as with the DATA1 measurement. The level be-
tween the dips is 50€), indicating that the short PCB-metal
run to DUTT is close to ideal. It’s difficult to measure the PCB
delay for DUT1 because its impedance appears the same as
that of the cable. If the IC were not soldered to the board, you
would see the three-step signal, indicating an open. You can
still measure this delay with the IC soldered in place. An ex-
amination of the capacitive dips reveals one dip correspond-
ing to the SMA connector, soldered to the board, and one dip
corresponding to the IC’s DUT1 pin. You should look for an
inductive bump corresponding to the SMA connector. Ensure
that this bump is between the two capacitive dips. The delay
is 360 psec. You halve this value to obtain the actual DUT1
PCB delay of 180 psec.

The impedance of the DATAT1 run is 63€). The DUT1 node
has an impedance of 50Q). Ideally, these impedances should
be the same, meaning that the metal on the DATA1 inputs is
narrower than that of the DUTT1 output.

You should set up the differential signal generator with two
identical SMA cables. You then measure the baseline delay
on the oscilloscope. C1 and C2 represent the complementary-
PECL (positive-emitter-coupled-logic) DATA1 and NDATA1
signals (Figure 10) with an amplitude of 450 mV. You feed
the signals to the inputs of the oscilloscope from the external
generator.

Waveform M1 is a mathematical calculation of the differen-
tial signal between C1 and C2. Its amplitude is 900 mV, and
its rise and fall times are each 700 psec. These characteristics
indicate that you have a acquired a valid set of data. You then
trigger the scope and measure one of M1’s zero-crossing points
as 29.56 nsec. Power up the IC and measure the same cross-
ing point as it is delayed through the evaluation board. This

THE USE OF BEST PRAC-
TICES IN HIGH-SPEED
MEASUREMENTS IS
ALWAYS A GOOD IDEA.

delay includes the delay of the two input
cables. These delays cancel out because
you use the same cables to measure signal
delay through the PCB. Keep these cables
short, but their delays are not important
for the propagation-delay measurement.

Using the two cables from the setup,
connect the DATA1 and NDATAI sig-
nals to the board’s DATA1 and NDATAI1 inputs. The oscil-
loscope setup and the trigger are the same as they were previ-
ously. Refer to the evaluation board’s documentation to set the
IC for signal amplitudes of O to 3V. The output of the board
terminates in 50() because that is the input impedance of the
oscilloscope. The 500 load halves the output signal, produc-
ing an amplitude of O to 1.5V (Figure 11). You can verify that
the rise and fall times are well within the IC’s specifications,
meaning that clean and valid DATA1/NDATAI signals are
driving a clean and valid output. You can measure the zero-
crossing point as 33.77 nsec.

You can now calculate the IC’s propagation delay. The
total delay through the evaluation board is 33.77 nsec—29.56
nsec=4.21 nsec. You then subtract the PCB-trace delay of
DATATI from the total delay to get 3.515 nsec. Subtract the
DUT1 PCB-run delay of 0.18 nsec,
which yields 3.335 nsec. Finally, sub-
tract the delay of the 2-in. cable to
the oscilloscope for a result of 2.933
nsec. This result correlates well with
the IC data sheet’s specification of
2.9 nsec for a typical delay.

Using TDR for measuring propa-
gation delays has several advantages.
It gives accurate measurements; re-
quires no active probes, thus avoid-
ing the inaccuracies they introduce;
and is a simple technique that suffices for most propagation
measurements. The measurement also lets you check for cor-
rect impedances on connectors and PCB runs. The TDR sig-
nals reveal excess capacitance and inductance in the signal
path should you need to redesign the board. You can verify
the TDR measurement with simple modeling and simulation
tools.

As signal speeds rise, the errors and mistakes of timing
measurements can cause incorrect planning decisions, faulty
device selections, and bad system design. The use of best prac-
tices in high-speed measurements is always a good idea.Epn

Go to www.edn.
com/ms4357 and
click on Feedback
Loop to post a com-
ment on this article.

For more techni-
cal articles, go to
www.edn.com/
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Continuous-time
equalizers improve
high-speed serial links

YOU CAN DESIGN AN EFFECTIVE SERIAL-CHANNEL EQUALIZER IN A FEW MINUTES.

mpedance mismatches on PCBs (printed-circuit boards)
and backplanes can cause reflections that impair high-
speed chip-to-chip connections. These reflections also cre-
ate ISI (intersymbol interference), an echo of a previous bit
superimposed on the current bit, which causes your system
to become unreliable. To overcome the interference, you
can employ various signal-processing techniques, including
de-emphasis, in which you predistort the signal before trans-
mission. You use an analog filter to make a CTE (continuous-
time equalizer) in the transmission path in just a few minutes.

You can best characterize a high-speed digital channel with
S (scattering) parameters. S21, an insertion-loss plot, repre-
sents the signal attenuation by the channel as a function of
frequency. S11, the return-loss plot, represents the reflected
signal due to impedance mismatch or discontinuities in the
signal path. When a channel path is long, the high-frequency
part of the signal suffers severe attenuation (Figure 1).

High-frequency roll-off manifests itself as a rise- and fall-
time degradation in the time domain. This degradation limits
the data rate you can achieve with the interconnection. You
can mitigate this impairment using de-emphasis of the low fre-
quencies at the transmitter or equalization at the receiver.

Reflections also cause echoes in the time domain that appear
as phase distortion in the frequency domain, and ISI causes in-
creased jitter and a pattern-dependent variation in the signal
amplitude. As a result, the eye diagram remains more closed,
making detection at the receiver more prone to error. A CTE
mitigates both reflections and ISI.

In preparation for a CTE design, plot and smooth the back-
plane response with a log-frequency scale (Figure 2). The in-
sertion-loss plot looks noisy at frequencies greater than 2 GHz.
You should perform moving averaging on the insertion-loss
plot to remove unwanted noise from the measured data. You
can decide on the number of points for the moving average
based on the nature of data and to get a smoother response.

You can compare the original insertion-loss response with
the moving average (Figure 3). The two plots look similar
in the passband, but the moving average provides a much
smoother response at higher frequency. At 6.25 Gbps, the eye
diagram provides insufficient opening for an error-free detec-
tion at the receiver (Figure 4). You can design a pole-zero
CTE to achieve optimum performance from a Tyco backplane
running at 6.25 Gbps.

Some people refer to the complex frequency plane as the
Laplace, or S plane. A simple pole-zero transfer function in
the complex frequency plane represents a CTE:
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H(s) = A 26 =2)
(s=p)G—p)-

The CTE representation is more complicated in cases such as
the HDMI (high-definition multimedia interface).

The PCle (Peripheral Component Interconnect Express)
3.0 and USB (Universal Serial Bus) 3.0 standards specify the
nominal location of the poles and zeros. The exact optimum
positions depend on the channel. Fine-tuning the location of
pole and zero increases your timing margin for a given inter-
connect. You should create a mathematical representation to
gain more control of the parameters that you can define.

You can represent the equalizer in any math package that
supports complex-number mathematics. You can even use
Excel for this task if you can figure out a workaround for the
software’s lack of support for complex-number math. You can
also use models within Agilent’s ADS (Advanced Design Sys-
tem), such as VCVS (voltage-controlled voltage source)_PZR,
VCVS, and the channel-simulator receiver model, and then
write the equations in the ADS data display (Figure 5).

You represent the CTE equalizer with a handful of equations
on the data-display page. Instead of manually entering these
equations, you can use the data-display template in ADS as
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Figure 1 When a channel path is long, the high-frequency part
of the signal suffers severe attenuation.
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Figure 2 In preparation for a CTE design, plot and smooth the
backplane response with a log-frequency scale.
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Figure 3 Apply a moving averaging to the insertion loss.

part of the PCle DesignGuide. The plot of the transfer-func-
tion equation provides the equalizer response in decibels. Plot-
ting the transfer function shows the effect of the pole and zero
locations on the equalizer response.

A simple zero location in a transfer function introduces 20
dB of gain per decade; a pole introduces 20 dB of loss per de-
cade. You can visually determine the approximate values of
poles and zeros from the frequency-domain response if they
have separate frequencies. Draw tangential lines on the parts
of the frequency-response curve that have different slopes.
The intercepts provide the pole and zero values (Figure 6).

Because a zero in the transfer function introduces gain in
the system, you need more poles than zeros to make a system
stable. Optimize the locations of poles and zeros to compensate
for the channel insertion loss. To design an optimum equal-
izer, plot the inverse of the pole and zero equalizer response
over channel insertion loss with a log-frequency scale.

-08 l|.|l|
50 100 150 200 250 300 350

TIME (pSEC)

o

PERMUTE (HEIGHT)
0.036

PERMUTE (WIDTH)
6x10-1

Figure 4 At 6.25 Gbps, the eye diagram provides insufficient
opening for an error-free detection at the receiver.

Ef]omega={0::1e6::10e10]
[=lg]zero 1=20"log(abs(2"pi*Zero_freq+j"2"pi*Omega))
pole1=-20‘Iog(abs(2‘pi*PoIe1_freq+j’2*pi‘0mega))
polez=-20*log(abs(2’pi*Pole2_freq-|1"2*pi‘0mega))
IH+g] Gain=20"log(Gain_constant*2*pi*Pole2_freq‘Pole1_freq/iZero_freq)
Bl Transfer_function=Gain+zero1+pole1-+pole2
Figure 5 You can also use models within Agilent's ADS
(Advanced Design System), such as VCVS_PZR, VCVS, and the

channel-simulator receiver model, and then write the equations in
the ADS data display.

TRANSFER _g |
FUNCTION

—12] IR
—16]
-18]
0]
_2’7

1107

Figure 6 You can perform a graphical construct to show the
approximate frequency values of the poles and zeros.

In this case, the pole and zero locations link to a GUI
(graphical-user-interface) slider—the three marker positions,
each on linear frequency scales. You use markers 1, 2, and 3 to
change the location of poles and zeros until you get the same
frequency response as the insertion loss of the channel over
the maximum frequency bandwidth. A good match between
the two responses provides the optimum design.

In the plot, the blue curve represents the insertion of the
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Figure 7 The blue curve represents the insertion of the Tyco
backplane, and the magenta curve shows the inverted response
of the pole-zero equalizer in decibels.

Tyco backplane, and the magenta curve shows the inverted
response of the pole-zero equalizer in decibels (Figure 7). You
should adjust the sliders until the two curves show good agree-
ment up to the highest frequency of interest, or 2 GHz in this
case. The combined insertion loss will be flat to 2 GHz, a large
improvement over a nonequalized system, which has an inser-
tion-loss slope starting at 200 MHz.

You could try to write an objective function and use ma-
chine optimization, but this manual method provides a visual

VCVS_PZR
SRC1

EyeDiff_Probe
EyeDiff_Probe1

= o
oo

Poles=list(1,wp1,0,wp2,0)
Zeros=list(1,wz,0)
Scale=0.982"wp1'wp2wz

10
5]
0]
TRANSFER ]
FUNCTION -5—
10—
-15-]
20 | I I
1107 1x108 1109 11010 1x10M1
OMEGA

Figure 8 For this Tyco backplane, the optimized design provides
the zero location at 636 MHz, and the first and second poles are
at 1.622 and 6.754 GHz, respectively.

way of exploring the design and finding out what is possible.
For this Tyco backplane, the optimized design provides the
zero location at 636 MHz, and the first and second poles are at
1.622 and 6.754 GHz, respectively (Figure 8).

ADS integrates the equalizer for channel analysis using a
VCVS_PZR source (Figure 9). The channel receiver compo-
nent also has a CTE component. You plot the eye diagram be-
fore and after you insert the equalizer, using the channel simu-
lator in statistical mode. Using this equalizer, the eye diagram
shows dramatic improvement in performance (Figure 10).
The overall design of this behavioral
equalizer takes less than 15 minutes.

In addition to determining the opti-
mum locations of the poles and zeros of
a CTE, you can simulate off-the-shelf
CTE models within ADS. An off-
the-shelf equalizer device comes with
tabular data representing the gain- and
phase-transfer characteristics as func-
tions of frequency and boost levels.
When you use an EDA tool to simulate

[ EyeDiff_Probe
py— EyeDiff_Probe2

o =E= with these models, you must pay atten-
= tion to data formatting, data access,
It
- = ) and the electrical representation of the
+ . . .
T>> P — device using this data.

m— Term_Diff1 Many semiconductor vendors pro-
l’(—gﬁ; SNP1 Load=100'0hm vide CTE data in the CSV (comma-
X_DI Py . " X .
BilRate=6.25 Gbps | 1 1veo-16in.sdp separated-values) file format. It lists
Vhigh=1.0 V % — [T VAR frequency as the first column and the
A — VARI real and imagi f th

ginary components of the

RiseFallTime=30 psec
Mode=Maximal Length LFSR
ExcludeLoad=no
EQMode=Specify de-emphasis

ChannelSim
ChannelSim 1
NumberOfBits=1000
ToleranceMode=Auto
EnforcePassivity=yes

Figure 9 You use the channel-simulation schematic with the equalizer to optimize the filter.
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wz=2"PI"636"1e6
wp1=2'PI"1.622" 19
wp2=2"PI'6.754" 19

transfer function with various boost
settings in successive columns. EDA
tools cannot use the CSV data, so you
have to reformat it. Touchstone, CITI
(common instrumentation transfer
and interchange), or mdif (measure-



ment-data-interchange format) are acceptable formats for
representing a device. Because the standard Touchstone file
format supports only one boost setting within a given file and
requires a full S-matrix description, it has a limited ability to
represent a CTE behavioral model. The CITI file format can
easily handle multidimensional data. The Touchstone mdif
provides the flexibility to support arbitrary multidimensional
data in which blocks of data in a file represent different boost
settings. The data is organized in those blocks as a function of
frequency, similar to a standard Touchstone file.

High-speed digital designers must use the frequency-domain
data to predict eye-diagram performance. While running a
time-domain simulation, you must search and interpolate the
data with respect to the frequency and boost settings. Simu-
lation environments such as ADS can read all these formats
and, using the data-access component, search and interpolate
the data as a function of frequency and boost settings. You can
access data in MA (linear-magnitude-and-phase-angle), Rl
(real-and-imaginary), or dBAngle (decibel-magnitude-and-
phase-angle) format and use this format with an electrical be-
havior model representing a CTE.

You can use electrical components such as the equation-
based linear SNP (S-parameter/number-of-ports) component,
the VCVS, and the system-amplifier model to represent a
CTE device, depending on the type of data the device ven-
dor provides. Touchstone SNP components are load-sensitive.
You must use correct terminations to accurately replicate the
device behavior over various boost settings. If device load
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1.216x10710

Figure 10 Using this equalizer, the eye diagram shows dramatic
improvement in performance.

conditions are unavailable, you should use a VCVS to repre-
sent a CTE device.

Once you convert the data to the required format, you can
use the data-access component with an equation-based SNP
component or with a VCVS device. You can then use the
CTE model in a time-domain environment to predict the eye-
diagram and BER (bit-error-rate) performance of the equal-
izer. You can now do in minutes what used to take days.EDN
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Efficient LED power supply has

battery backup

Zhihong Yu, Juno Lighting Group, Des Plaines, IL

LEDs find wide use in emergen-

cy lighting because of their high
efficiency and control simplicity. The
circuit in Figure 1 provides a highly
efficient and reliable design for emer-
gency LED lighting at 3 to 6W. The
circuit’s input is 12V ac, which the full-
wave bridge rectifies and one or two
capacitors filter into dc. The battery
(not shown) is a 12V lead-acid type.
IC, compares the battery voltage to
the supply voltage. When the rectified
voltage drops below the battery volt-

|

age, the battery takes over to provide
LED power.

The circuit has some small switch-
ing losses, which should be acceptable
as long as IC,, a 12V PB137 battery-
charging circuit from STMicroelec-
tronics (www.st.com), keeps the bat-
tery from draining. If this switch-over
is unacceptable, add a 470-wF electro-
lytic capacitor to filter the input volt-
age to maintain a certain level above
the battery voltage. Note that adding

this capacitor lowers the power factor.
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DESIGN PROBLEMS
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46 Single IC forms precision
triangular-wave generator

50 Use a low-cost PWM ramp
generator in switch-mode power
supplies

52 MSP430's port-interrupt-
request logic helps debounce
contacts

To see all of EDN's Design
Ideas, visit www.edn.com/design
ideas.

To get 12V ac, you can use an elec-

tronic transformer. These transformers

Ly
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Figure 1 This circuit converts ac voltage to dc voltage, charges a battery, and drives LEDs from the ac source or the

battery.
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provide 12V at a higher frequency, so
a 10-wF capacitor can hold the voltage
high as well as provide a high power
factor.

IC,, a Linear Technology (www.
linear.com) LTC4412, controls two
external PFETs that create a near-ideal
diode function for switching between
ac and battery output. The PFETS’
voltage drop is only about 20 mV com-
pared with a normal 0.7V diode-volt-
age drop. Pin 5 is low when ac power
is off, so you can use this pin to turn
on a warning LED through another
PFET. IC, has an internal current limit
of 1.5A. Resistor R limits IC,’s input;
when the current reaches a certain
level, Q, turns off the charging circuit.
This IC does not require reverse-diode
protection.

IC,, an LT3517 LED driver from
Linear Technology, acts as an invert-
ing buck-boost converter because the
input can range from 8 to 17V for rec-
tified ac. R, sets up the LEDs’ current.
Because the voltage drop from each of
the three LEDs varies from 3 to 4V, the
IC’s output voltage can be higher or
lower than its input voltage if all 300-
mA LEDs connect in series.

By connecting a resistor divider, in-
cluding a photocell, to the analog-dim-
ming pin, Pin 8, you can achieve some
dimming, which results in some power
savings at higher ambient light. You

Figure 2 LEDs provide enough light for emergency lighting.

can use IC’s Pin 5 to turn on a tran-
sistor or an optoisolator to pull IC’s
control-pin voltage lower if you need
to dim the LED when ac power is out.
Resistor R, programs IC, to operate at
1 MHz. The circuit’s efficiency is 82%
when you power it directly from the ac
power supply and about 70% from an
electronic transformer.

With a few minor changes to the
circuit, you can add LEDs. For exam-
ple, you can use Linear Technology’s

Single IC forms precision
triangular-wave generator
Akshay Bhat, Maxim Integrated Products Inc, Sunnyvale, CA

The linearity of triangular

waveforms makes the triangu-
lar-wave generator useful in sweep cir-
cuits and test equipment. For example,
switched-mode power supplies and in-
duction motor-control circuits often
include a triangular-wave oscillator as
part of their PWM (pulse-width-mod-
ulation) circuit.
The basic triangular-wave generator in-
cludes an integrator for generating the
triangular-wave output and a compara-
tor with external hysteresis, such as a

| APRIL 8, 2010

Schmitt trigger, for setting the output
amplitude (Figure 1). You can imple-
ment these components with a Maxim
(www.maxim-ic.com) MAX9000 IC,
which includes a high-speed opera-
tional amplifier, a 185-nsec compara-
tor, and a precision 1.23V bandgap
reference.

The integration of a constant cur-
rent, which you obtain by applying
constant voltage across a resistor, pro-
duces a linear ramp at the op amp’s
output. This output feeds a Schmitt

LT3518, which is a pin-to-pin-com-
patible version of the LT3517 but with
a higher switching-current limit. You
may need to adjust the feedback-re-
sistor pair Rg and R, for higher out-
put voltage. You may also need more
input-filtering capacitance to hold up
the voltage.

Tests show that the circuit can
power as many as six LED in se-
ries. Figure 2 shows the circuit in
operation.EDN

trigger whose output feeds back to the
integrator resistor. Abrupt state chang-
es in the Schmitt trigger’s output deter-
mine the peak voltages for the triangu-
lar-wave output. These changes in turn
depend on the input threshold voltages
you set for the Schmitt trigger.

Unfortunately for this circuit, the
triangular-wave peaks must be sym-
metrical about the reference voltage
you apply to the comparator’s invert-
ing input. To generate a triangular
wave from 0.5 to 4.5V, for example,
you must provide a reference voltage
of (0.5V+4.5V)/2=2.5V.

It would be preferable to set this
voltage range independently of the
standard bandgap-reference voltage
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Driving Lessons for a Low Noise, Low Distortion, 16-Bit,

1Msps SAR ADC
Design Note 477
Guy Hoover

Introduction

Designing an ADC driving topology that delivers uncom-
promising performance is challenging, especially when
designing around an ultralow noise SAR ADC such as the
1Msps LTC2393-16. For both single-ended and differential
applications, a well thought out driving topology can fully
realize the ultralow noise and low distortion performance
required in your data acquisition system.

The LTC2393-16isthefirstinafamily of high performance
SAR ADCs from Linear Technology that utilizes a fully dif-
ferentialarchitecturetoachieve anexcellent SNR 0f 94.2dB
and THD of —105dB. And in order to take full advantage
of the ADC performance, we present driving solutions
for both single-ended and differential applications. Both
topologies fully demonstrate the ultralow noise and low
distortion capabilities of the LTC2393-16.

Single-Ended to Differential Converter

The circuit of Figure 1 converts a single-ended 0V to
4.096V signal to a differential +4.096V signal. This circuit
is useful for sensors that do not produce a differential
signal. Resistors R1, R2 and capacitor C2 limit the input
bandwidth to approximately 100kHz.

When driving a low noise, low distortion ADC such
as the LTC2393-16, component choice is essential for

R1 R3
2490 49.90 -
AN IN
0V TO 4.096V 2
2200pF LTC2393-16
NPO
Vo S Ny
R2 R4 SN
2490 49.90 !

.

j__10uF

Figure 1. Single-Ended to Differential Converter

maintaining performance. All of the resistors used in this
circuit are relatively low values. This keeps the noise and
settling time low. Metal film resistors are recommended
to reduce distortion caused by self-heating. An NPO
capacitor is used for G2 because of its low voltage coef-
ficient, which minimizes distortion. The excellent linearity
characteristics of NPO and silver mica capacitors make
these good choices for low distortion applications. Finally,
the LT6350 features low noise, low distortion and a fast
settling time.

The 16k-point FFT in Figure 2 shows the performance of
the LTC2393-16 in the circuit of Figure 1. The measured
SNR of 94dB and THD of —103dB match closely with the
typical data sheet specs forthe LTC2393-16, showing that
little, ifany, degradation ofthe ADC’s specifications result
from inserting the single-ended to differential converter
into the signal path.

Fully Differential Drive

The circuit of Figure 3 AC-couples and level shifts the
sensor output to match the common mode voltage of
the ADC. The lower frequency limit of this circuit is about
10kHz. The lower frequency limit can be extended by
increasing the values of C3 and C4. This circuit is useful
for sensors with low impedance differential outputs.

The circuit of Figure 1 could be AC-coupled in a similar
manner. Simply bias Ay to Vgw through a 1k resistor and
couple the signal to Ay through a 10pF capacitor.

PCB Layout

The circuits shown are quite simple in concept. However,
when dealing with a high speed 16-bit ADC, PC board
layout must also be considered. Always use a ground
L7, LT, LTC, LTM, Linear Technology and the Linear logo are registered trademarks of

Linear Technology Corporation. All other trademarks are the property of their respective
owners.
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Figure 2. LTC2393-16 16k Point FFT Using Circuit of Figure 1
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Figure 3. AC-Coupled Differential Input

plane. Keep traces as short as possible. If a long trace is
required forabias node suchas Vg, use additional bypass
capacitors for each component attached to the node and
make the trace as wide as possible. Keep bypass capaci-
tors as close to the supply pins as possible. Each bypass

Data Sheet Download

www.linear.com

capacitor should have its own low impedance return to
ground. The analog input traces should be screened by
ground. The layout involving the analog inputs should
be as symmetrical as possible so that parasitic elements
cancel each other out.

Figure 4 shows a sample layout for the LTC2393-16.
Figure 4 is a composite of the top metal, ground plane
andsilkscreenlayers. Seethe DC1500A Quick Start Guide
available at www.linear.com for a complete LTG2393-16
layout example.

CS C8
Figure 4. Sample Layout for LTC2393-16

Conclusion

The LTC2393-16 with its fully differential inputs can
improve SNR by as much as 6dB over conventional
differential input ADCs. This ADC is well suited for ap-
plications that require low distortion and a large dynamic
range. Realizing the potential low noise, low distortion
performance of the LTC2393-16 requires combining
simple driver circuits with proper component selection
and good layout practices.

For applications help,
call (408) 432-1900

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

dn477 LT/TP 0410 116K « PRINTED IN THE USA

LY LINEAR
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available, 1.23V. You can achieve this
flexibility by adding resistor R, to the
hysteresis network in a single-IC ver-
sion of the circuit (Figure 2). R, lets
you set the triangular-wave peaks inde-
pendently of the reference voltage.

To build the Schmitt-trigger compar-
ator, you first select R.. The compara-
tor’s input-bias current at C, is less
than 80 nA. To minimize the error this
current causes, the current through R,
[(Vagr— Vour)/R ], should be at least 8
MA. R, requires two equations, corre-
sponding to the two possible compar-
ator-output states: R, =V, /I, and
Rz: (VDD_VREF)/IRZ'

Use the smaller of the two resulting
resistor values. For example, if the sup- Figure 1 The basic triangular-wave generator includes an integrator for generat-
ply voltage is 5V, the reference voltage ing the triangular-wave output and a comparator with external hysteresis, such
is 1.23V, and the reference current is 8 as a Schmitt trigger, for setting the output amplitude.

RA, the two R, values are 471.25 and
153.75 kQ, so this circuit uses the stan-
dard value of 154 k().

Next, select R and R,. During a ris- R, 2 4
: h : 124k 154k 42.2k 220 pF
ing ramp, the comparator output is , Y — Ao s
logic low (V). Similarly, the compar- R

ator output is at logic high (V) dur- 665k
ing a falling ramp. Thus, the compara-
tor must change state according to the
required peak and valley points of the
triangular wave.

Two simultaneous equations result
when you apply nodal analysis at the
noninverting input of the comparator
and solve for these two thresholds:

Vss 1.28V REFERENCE
Ry Ry Ry Ry Rj J: = Ans

— - REFERENCE

SCHMITT TRIGGER INTEGRATOR

Cour AN

— AO ut

and

M, Vop _y,
Ry Ry

Figure 2 A triangular-wave generator employs an IC that includes an op amp, a
( 1 1 ] comparator, and a bandgap reference.

In this example, the voltage range of | current is 2 nA. To minimize error, = For this example, the frequency is 25

the triangular wave is 0.5 to 4.5V. You | therefore, the current through R, must | kHz, the output voltage is 4V p-p, or
therefore substitute a value for V|, of | always be greater than 0.2 wA. This | 0.5 to 4.5V for a triangular wave, and

4.5V, V, of 0.5V, V| of 5V, and V . | constraint implies that R ’s value is less | the reference voltage is 1.23V. Solv-

of 1.23V into the above equations to | than 6.12 MQ. ing for the resulting time constant,
obtain a value of 124 k() for R, and The triangular-waveform frequency | R, =9.27 pisec. Select a capacitance of
66.5 k() for R.. is: 220 pF and a value of 42.2 kQ) for R,
You can now design the integra- VouTp-p The resulting output should match
tor. Considering the comparator’s f= 1/[W(R4C)+ the desired frequency, provided that

the op amp is not slew-limited. Be-
cause the feedback capacitor charges

two possible output states, the magni-
tude of current flowing through R, is:

L= (V= VIR, or I,=V, /R Youre=p ¢ discharges with
we= (Vo= Ve Ry, or L, =V /R, o RO} or discharges with a constant current,
The op amp’s maximum input-bias REF the output signal’s maximum rate of

APRIL 8, 2010 | EDN 49
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change is: TekRun _ | {

dVOMAX _ IR4MAX _
dt C

Voc VRer _ 0.406 v .

R4C USEC
To provide a margin against process
variations, the op amp’s typical slew
rate should be 40% higher than the
maximum rate of change of the output
signal—0.56V/usec or greater in this
case. The op amp’s slew rate is 0.85V/
wsec, which is therefore adequate for
this 25-kHz waveform (Figure 3).Epn

Ch1 Freq
24.4 kHz

REFERENCE

M Terrell, David L, Op Amps: Design,
Application and Troubleshooting, But-
terworth-Heinemann, 1996.

Figure 3 The op amp’s slew rate is 0.85V/usec, which is therefore adequate
for this 25-kHz waveform.

Use a low-cost PWM ramp generator The circuit in Figare 1 shows a
PWM (pulse-width-modulated)

N SWltCh'mOde power Su ppl es ramp generator that you can use in low-
cost switch-mode dc/dc power supplies.
Its supply voltage can range from 5 to
35V dc, and you can set the output-

Dwayne Reid, Edmonton, AB, Canada

5TO 32V DC

NOTE: SPICE FILES, ramp amplitude of 0.3 to 1V. You can
DEVELOPED WITH . ,
LINEAR TECHNOLOGY'S also set a minimum off time that lets
LTSPICE/SWITCHERCAD you set a maximum 50% duty cycle for
PROGRAM, ARE AVAILABLE ‘
AT WWW.EDN.COM/100408DIA. magnetic components that need duty-
cycle limiting.
The ramp generator (Figure 1a) uses
P CAMP OUT one-half of an LM393 dual compara-
O tor. The other half of the comparator
is available to generate the PWM por-
1 tion of the converter. The ramp am-
T plitude and frequency depend on the

reference. An ordinary red LED can
act as a low-cost reference. ts forward
voltage of approximately 1.7V is rea-
sonably constant over indoor tempera-
ture ranges. The ratio of R, to R, sets
the ramp amplitude relative to the ref-
erence, and R , R, and C, set the min-
imum off time. R, and C, establish a
time constant, which sets the period.
Note that the R, R}, and C network
also affects the period. Table 1 shows

1 gf\ (L = G examples of various configurations.
® I I‘OO nF = Figure 1b, a 70V-dc upconverter,
- - employs the ramp generator. You can
Figure 1 You can use a PWM ramp generator in low-cost switch-mode dc/dc easily configure it at any output rang-
power supplies (a). A 70V-dc upconverter employs the ramp generator (b). ing from the highest input voltage to

whatever the FET can handle. This

50 EDN | APRIL 8, 2010
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example uses a 330-pH in- |
ductor, but you can easily
Frequency
change that value by choos-
- X (Hz)
ing the appropriate PWM
frequency. e
Note that the output FET 700
does not turn on quickly, and
it doesn’t need to, but it does 62k
turn off quickly. You can en- 100k
hance the turn-off speed by
adding a 2N4403 PNP tran- 200k
sistor between the output 200k
of the comparator and the
pullup resistor. Connect the 400k
base to the comparator, the T

emitter to the FET gate, and

MSP430's
port-interrupt-
request logic
helps debounce

contacts
Richard Neubert, Manchester, NH

Contact debouncing requires

monitoring an input and wait-
ing for it to stop toggling or at least
establish that it’s definitely switch-
ing from its initial state. You can use
either analog or digital filtering plus
hysteresis to accomplish contact de-
bouncing, but this approach uses a
lot of resources, including parts, board
space, and CPU time, when multiple
inputs need to be conditioned. Alter-
natively, you can either detect just the
first state change or sample the input
at least twice as often as the contacts
can bounce. Sampling at mechanical
vibration frequencies must be avoided.
Both methods also require time delays
to ensure that the contacts have fin-
ished bouncing.

These 1-bit approaches are attractive
when you must condition multiple con-
tact inputs. The first method requires
conservative delay setting to avoid re-
suming the edge monitoring before the
last bounce, and it’s unsuitable for re-

52 EDN | APRIL 8, 2010

EXAMPLES OF CONFIGURATIONS the collector to ground.
Add a 100Q) resistor from
R, C, R, R, C, Approximate he b h .

@ 0B | @ | @ | B | dutycycle (o) thebase tothe emitter.
The circuit has slow
120k | 100 || 1M | 220k | 10n 100 load-transient response,
100k | 100 | 100k | 22k | 100n 100 which you can adjust by
altering the time constant
47k | 10 | 100k | 22k | 10n 95 that R, and C, form. Note
4.7k | 10 | 100k | 22k | 100p 100 that R and R, form a volt-
age divider that ensures
2.2k 3.3 || 100k | 22k || 3.3n 60 the lowest error Voltage
1.8k | 10 | 100k | 22k | 100p 95 at the PWM comparator
is above the ramp’s low-
2.2k || 1 100k | 22k || 10p 95 est point. The converter
56k | 2.2 | 100k | 22k | 470p 50 cannot operate without

R,.EDN

LISTING 1 INTERRUPT-FLAG CHECKER

#define SwitchMask 0x01
#define Ndebounce 3

// Port 1 bit(s) connected to switches.
// (# of consecutive checks w/o an edge to wait for valid state)-1
// (must be nonzero)
void chk_sw(void);
static unsigned char debounced_sw; // The debounced switch state(s)
//(output)
void main()

P1DIR = ~SwitchMask; // Set unused pins to output mode, unless
//switched to a peripheral.
debounced_sw = P1IES = P1IN; // Init so we catch the first state
//change.

P1IFG=P1IE=0; // Keep Port 1 interrupts disabled.
_EINT(); // Set General Interrupt Enable (if used).
while (1)
{

5 // Main program loop.

chk_sw(); // Do this here if loop execution period

//is fixed by a timer,

// o/w use a timer to run chk_sw(). If
// chk_sw() is made a timer ISR, then
// debounced_sw will be volatile here.

}

void chk_sw() // Port1 interrupt request
//checker, called periodically.
{

static int db_count = Ndebounce;  // Initialize to force P1IES

//update on first pass of chk_sw().

if (P1IFG & SwitchMask)

{
P1IFG &= ~SwitchMask;
db_count = Ndebounce;

// Clear the switch interrupt flag(s).
// Must see P1IFG not set for
//Ndebounce+1 passes.

}
if (db_count)
{

P1IES =P1IN;
--db_count;

// Cock for opposite edge (repeated in case we
// miss an edge while doing it).

else // Finished debounce

debounced_sw = P1IES; // Debounced switch output

// Can put code here that you want to run only when switch

// inputs are stable.

// If you care about the switch inputs only in this block, you can read the debounced
// read the debounced state directly from P1IES, no need to save it

//in debounced_sw.
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jecting noise. The second method adds
to the actual bouncing time only the
delay necessary for bridging the longest
quasistatic input state during bounce—
not the longest duration of bouncing.
When you implement this function in
software, however, it can add substan-
tial overhead for monitoring the input
for further transitions when the system
detects a transition.

The Texas Instruments (www.ti.com)
MSP430-series microcontrollers have
1/O ports with configurable interrupt
logic for each bit. You can select the
rising or falling edge of the bit as the
trigger. Even with the interrupt dis-
abled, the microcontroller can read
its interrupt-request flag to determine
whether an active edge has occurred.
You can use this technique in place of
high-rate sampling in software. You
must periodically check the interrupt-
request flag at a rate high enough only
to keep the switch response delay to an
acceptable time. Calling the routine at
the frequency of a mechanical vibra-
tion isn’t an issue; the interrupt logic

IF YOUR APPLICATION
HAS NO TASK TO RUN
EXCEPT IN RESPONSE
TO A SWITCH, YOU
CAN MAKE A VERSION
IN WHICH THE CPU
SLEEPS WITH THE PORT
INTERRUPTS ENABLED.

monitors the switch between calls.

You can use multiple switch inputs,
provided that the switches either never
change state simultaneously—for ex-
ample, with a keypad—or you don’t
mind delaying response to a switch
until all simultaneously changing
switch inputs have settled. You would
lose the sequence of switch operations
in this case; in the debounced output,
they would all change at once.

Listing 1 periodically calls function
chk_sw() to check the interrupt-re-

quest flags and update the output value,
debounced_sw. The time interval be-
tween calls times Ndebounce should
be short enough to satisfy the required
response time after the last bounce
and longer than the longest time be-
tween transitions when the contacts
are bouncing. In a noisy environment,
making the delay too long is counter-
productive because noise transients
during the delay extend the delay.

If your application has no task to run
except in response to a switch, it’s fair-
ly simple to make a version in which
the CPU sleeps with the port inter-
rupts enabled (P1IE=SwitchMask)
and the P1IES bits set to the last input
state when there is no switch input ac-
tivity. A port interrupt-service routine
must respond to the first input change
to set PIIE=0 and set a timer to peri-
odically call chk_sw() until chk_sw()
resolves the input state. When react-
ing to a brief noise impulse, the CPU
would wake up once for the port inter-
rupt and Ndebounce+1 times to run
chk_sw().Epn

54 EDN

Signal Integrity —
Dr. Howard Johnson

e

| extraordinary Black Magic seminars...

Portland, OR

3-4 May
5-6 May

High-Speed Digital Design
High-Speed Noise and Grounding

Oxford University, UK

29-30 June
1-2 July

High-Speed Digital Design
High-Speed Noise and Grounding

www.sigcon.com

| APRIL 8, 2010

Use promo code: EDN10




Power Manager i

Power Manager Il.
INTEGRATE POWER MANAGEMENT. LOWER COSTS.

Power Manager Il features an innovative programmable core and precision analog sensors to reduce component
count and increase reliability. Lattice programmability enables your power management design to meet changing

requirements without major circuit redesign or a board re-spin.

Learn more about the cost-efficiencies of Power Manager solutions at:
latticesemi.com/powermanager

. e,
Reset, Watchdog, Supervision Sequencing Hot Swap Control 04, 02,
, 627

Smmmm DC-DC
gy Rs a1

Load

1 2
T ~ AN
" Ch—= Hold-off \ N
=== Icapscnar Q\\\
Supervisor Hot-Swap - ‘—V\‘, { = AN
- Controller g g \\\~

-
== !
Reset &
Watchdog
Timer

===£Ei‘~

= [ : g Q\

Features Benefits

= Charge pumps for hot swap MOSFET control = |ntegrate multiple functions to reduce

= PLD for flexible supply sequencing and reset BOM cost

generation = Increase fault coverage et = ®
n n
= 0.2% error {typ.) programmable comparators = Reduce footprint nmm a I c e
. n n
for fault detection = |ncrease reliability u=mmmm Semiconductor
= Differential sensing for centralized control * Wide application coverage ] = » Corporation
= 10-bit ADC with I2C interface for system 0 Fedues risks hrew o ) .
gh programmability
R —— latticesemi.com/powermanager

And more...
= High volume pricing starts at <$1.00

And more...

©2010 Lattice Semiconductor Corporation. All rights reserved. Lattice Semiconductor Corporation, L (& design), Lattice (& design) and specific product designations are either registered trademarks or
trademarks of Lattice Semiconductor Corporation or its subsidiaries, in the United States and/or other countries. Other marks are used for identification purposes only, and may be trademarks of other parties.



EDITED BY SUZANNE DEFFREE |

suppPlychain

LINKING DESIGN AND RESOURCES

56 EDN

Distributors step up embedded-systems support

f there's ever been a period

in the design chain during

which cost and time to mar-
ket haven't been major factors,
it's faded into distant mem-
ory. As engineers continue
to pursue the best designs
in the quickest way possible,
distributors are stepping up
their embedded-system sup-
port to help ease some of the
pressure. In mid-February, for
example, Avnet Electronics
Marketing (www.em.avnet.com)
announced that it had formed
a sales division for embedded
systems. In December 2009,
Arrow Electronics (www.arrow.
com) expanded its relationship
with embedded-products sup-
plier Kontron GmbH (www.
kontron.de). Both changes are
aimed at extending the chan-
nel's reach deeper into the
embedded-system market.

“The cost today for propri-
etary system design continues
to rise, while embedded solu-
tions offer early access to key
technology and help our cus-
tomers get their products to
market faster—at a lower cost!
says Jeff litel (photo, left),
Avnet's senior vice president
and head of Avnet Electronics
Marketing's embedded unit. “In
the past few years, we have
seen increased demand for
these products from our cus-
tomers across multiple indus-
tries, and, as that trend con-
tinues, we want to intensify
our own focus in this area,’ he
adds.

OEMs are turning to the
channel for a number of rea-
sons, executives say. Using off-

| APRIL 8, 2010

the-shelf, or merchant, embed-
ded boards helps reduce OEM
development costs, accelerates
time to market, and contributes
toward product differentiation.
“‘It's a classic make-versus-

buy decision,” says Andrew
Femrite (photo, right), head of
Arrow Electronics Engineering
Solutions Center. “There's a
strong incentive to use com-
mercial off-the-shelf boards”
Although manufacturers
design off-the-shelf embed-
ded boards to be standard, the
market involves a vast variety of
boards and a lot of complexity.
Different board characteristics
lend themselves better to spe-
cific applications, explains Troy
Smith, director of Intel Corp's
(www.intel.com) Embedded
and Communications Alliance.
The channel's span and scope,
particularly in regard to its sup-

plier base, can reduce some of
that complexity.

The channel's size and scope
are also working to the benefit
of suppliers. “Our embedded-
systems business is one of the
top growth opportunities in the
corporation,” Smith says.

OEMs are also using embed-
ded designs to extend the life
of their products and are look-
ing to the channel for guidance.
“Many components, particu-
larly processors, are targeted
at the PC market and have a
shorter life cycle than embed-
ded designers feel comfortable
with," said Arrow's Femrite.

“Designers of embedded
applications, such as kiosks or
medical equipment, don’t want
to switch products every cou-
ple of years," says Avnet's lttel.

Through their supplier rela-
tionships, distributors have a lot

TABLE 1 BOARD-MARKET GROWTH

‘ Market size ($ millions)

Source: Venture Development Corp

Growth (%)

of visibility into product-devel-
opment plans. Chip makers
such as Intel share their prod-
uct road maps as part of their
standard training and support.
“We recognize that many mar-
ket segments require longer
product life cycles, so we have
our own embedded road map
where we commit to a seven-
year life span,’ says Smith.

Another competitive advan-
tage of off-the-shelf boards
is that they enable OEMs to
focus on product differentia-
tion. OEMs are distinguishing
their products now through
software, a highly customized
part of the system, or a com-
bination of discrete compo-
nents, explains Femrite. “If we
can steer them toward the right
development system, the right
components, or the right part-
nerships, they can focus more
on how they differentiate their
products!

Suppliers and distributors
are well-positioned to take
advantage of embedded-mar-
ket trends, according to mar-
ket research company Venture
Development Corp (www.
vdcresearch.com). Prior to the
effects of the 2009 economic
recession, VDC had forecast
that the merchant embedded-
board market would grow by
as much as 8 to 10% through
2012. The forecast has since
been revised downward but still
reflects positive growth (Table
1). Certain vertical segments,
including digital signage, info-
tainment, energy, and power,
should outpace others.

-by Barbara Jorgensen
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DISCRETE SEMICONDUCTORS

Fast-switching MOSFET aims at dc/dc conversion
The first two MOSFETs in the company’s UMOS VII-H series and suiting
synchronous dc/dc conversion, the TPCA8055-H and the TPC8055-H power
MOSEFETs use the vendor’s trench process in the UMOS VII-H fast-switching series.
The TPCA8055-H provides a 2.2-m{) on-state resistance, a 10V gate-to-source
voltage, and a 30V drain-to-source voltage. The TPC8055-H comes in an industry-
standard 5X6X1.6-mm SOP-8 package, and the TPCA8005-H comes in a low-pro-
file 5X6X0.95-mm Toshiba SOP Advance housing. Prices for the TPCA8055-H
and the TPC8055-H power MOSFETs start at 75 cents.
Toshiba America Electronic Components, www.toshiba.com/taec

Integrated device enables
1-MHz frequencies

The SiC762CD DrMOS device

integrates PWM high- and low-
side N-channel MOSFETs, a full-
featured MOSFET-driver IC, and a
bootstrap diode. Compliant with the
vendor’s DrMOS specification for volt-
age regulators in servers and desktop
computers, the device enables 1-MHz
operating frequencies at 92% efficiency.
Operating over a 3 to 27V input-volt-
age range, the device delivers 35A con-
tinuous output current. The integrated
MOSFETs have output voltages of 0.8
to 2V and a nominal input voltage
of 24V. An advanced gate-driver IC
accepts a PWM input from the con-
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troller, converting it into the high- and
low-side MOSFET gate-drive signals.
The PWM input aims at use with con-
trollers with tristate-PWM-output func-
tions. Available in a PowerPak MLP-40
package, the SiC762CD DrMOS device
costs $2.65.

Vishay Intertechnology, www.vishay.
com

OptiMOS voltage-regu-
lation MOSFET and
DrMQOS families have

93% efficiency
The 25V OptiMOS device suits

voltage regulation in power sup-
plies for computer servers and telecom-

munications and data-communications
switches. The new MOSFETs are also
integrated into the TDA21220 DrMOS
devices that are compliant with the
Intel DrMOS specification. The discrete
devices come in SuperSO8, CanPak,
and 3.3%3.3-mm S308 packages. The
S308 package enables a six-phase con-
verter. The multichip TDA21220 pack-
age integrates two OptiMOS transistors
and a driver IC. In a SuperSOS8 package,
a 1-mQ, 25V OptiMOS device costs
$1.40 (2000). The TDA21220 DrMOS
devices cost $2.17 (2000).

Infineon Technologies, www.infineon.
com

N-channel MOSFETs
have a variety of package
options

Adding 12 devices to the vendor’s

MOSEFET portfolio, the NTP641x
and NTB641x 100V N-channel power
MOSFETs target designs requiring
voltage-overstress ~ protection  from
unclamped inductive loads. Features
include a 500-m] avalanche rating, a
13-m{) on-resistance, and a 76A cur-
rent capability. Operating over a —55
to +175°C temperature range, the
MOSFETs come in lead-free, ROHS-
compliant TO-220, D?Pak, DPak, and
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[Pak packages. Prices for the devices
range from 92 cents to $1.90 (10,000).
On Semiconductor, www.onsemi.com

Power-rectifier diode pro-
vides low forward-voltage
drop

The STPS50U100C high-effi-

ciency power-rectifier diode suits
use in the output of power supplies for
adapters, desktop PCs, servers, and TV
and video products. The forward-volt-
age drop is the primary source of power
loss in power Schottky diodes in sec-
ondary rectification. The power recti-
fier reduces this voltage drop using a
driver to a typical figure of 0.64V at 25A
and 0.38V at 5A. Additional features
include 200-mA maximum leakage cur-
rent, 50A maximum average forward
current, and 250A surge nonrepetitive
forward current. Available in TO-220
and [’Pak packages, the device costs
$1.50 (1000).
STMicroelectronics, www.st.com

COMPUTERS AND PERIPHERALS

Mouse family offers high
tracking precision

The $10.99 M-300 retractable

mini-notebook mouse measures
74 mm and has a retractable cable. The
$14.99 M-500G gaming mouse has a
blue fluorescent light that shines in dark
environments. The $24.99 M-900LS
laser notebook mouse features 2.4-GHz
digital cordless technology and delivers
interference-free operation. The $29.99
M-905BT Bluetooth notebook mouse
connects instantly to any Bluetooth-
enabled notebook, eliminating the need
to tie up a USB port. It works from a dis-
tance of 10m.
Agama, www.agamazone.com

External 3.5-in. drive
boasts 2-Tbyte capacity

The recently redesigned desk-
top SimpleDrive offers capacities

of 500 Gbytes, 1 Tybte, and 2 Thytes

and operates at 7200 rpm. The drive is
available on the vendor’s SimpleTech
Pro Drive, SimpleTech Duo Pro Drive,
and internal hard-drive kits. The
SimpleTech Pro Drive has USB 2.0,
FireWire 400, FireWire 800, and 3-Gbps
eSATA interface options. You can stack
multiple units or stand them upright.
The 500-Gbyte, 1-Tbyte, and 2-Thbyte
devices sell for $119.99, $169.99, and
$299.99, respectively. The SimpleTech
Duo Pro Drive uses RAID 0 or 1. RAID
0 targets use in home-video editing
and graphics-intensive files. Interfaces
include eSATA and USB 2.0. The 1-,
2-, and 4-Tbyte devices sell for $199.99,
$299.99, and $499.99, respectively. The
internal-hard-drive kits each feature a
drive, installation instructions, a SATA
cable, and mounting screws. They come
in 5400- and 7200-rpm versions with a
cache buffer as large as 32 Mbytes. The
2-Thyte, 7200-rpm kit sells for $249.99.
Hitachi Global Storage Technologies,
www.hitachigst.com
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Can't put a Band-Aid
on a boomerang

hile working for a company specializing in
sensors, | received a board to test—a signal-
conditioning module for a strain-gauge torque
transducer that bolted directly to the hub of
a drive motor. The board had been designed
with size and cost reduction as key directives.
The schematic showed that the input amplifier stage com-
prised a single operational amplifier acting as a current-input

amplifier. The sensor comprised four
3504} strain gauges acting as a Whet-
stone bridge, equivalent to driving the
inputs with Thevenin sources with
175Q) source resistance. While the
board was on the bench, everything
seemed fine; manually applying torque
corresponded to changes in the analog
output signal.

My mechanical counterpart dis-
covered during the calibration process
that the transducer couldn’t pass the
60-second stability test that acquired
1 sample/sec to confirm the output was
clean of noise or drift. After a couple of
failed attempts, I rolled an oscilloscope

over to the device and began to moni-
tor the output. There was “bobble”
all right, but it didn’t look random
enough; it was information—not noise.
Attaching a piezoelectric speaker to
the analog output revealed that we
were picking up the news broadcast of
a local AM-radio station.

While troubleshooting, I found a
grounding problem in the calibration
system; correcting the problem elimi-
nated the radio broadcast, and I was
able to explain it all away. I did not
know that what [ had just tossed was
a boomerang.

For a display at an upcoming trade

show, the sales manager wanted to use
the sensor with a variable-frequency-
drive motor—a common application.
After powering up the drive system, [ re-
alized that [ was no longer dealing with a
little bobble; I was now witnessing noise
that swung to 75% of the output range.
The output signal was essentially useless.
I couldn’t explain away this problem.

Although the transducer’s metal
body was isolated from the strain gauges
and the wiring by hundreds of gigohms,
a stray capacitance of approximately
140 pF had sneaked directly from the
op amp’s inputs to the transducer’s body
and, thus, to the motor housing. I saw
three major issues: saturation, implying
that the coupled input spikes were ex-
ceeding the amp’s common-mode range;
RF rectification in the op amp’s inputs;
and the implication that the gain of
the signals coupling down the pathway
would increase with frequency.

To block high-speed transients and
other RFI, I added 100-wH chokes in
series with the amplifier inputs, re-
ducing the noise by more than 40 dB.
Careful grounding of the drive yielded
further improvement. The Band-Aid
fix worked for the trade-show booth,
and the company ultimately redesigned
the module with an instrumentation
amplifier with input RC networks to
roll off common- and normal-mode
signals to within the bandwidth of in-
terest before the signals reached the
instrumentation amp’s input pins. The
RC networks effectively attenuated the
transients to an amplitude that did not
cause saturation.

Looking back, two key points pop
out. The first is that the design with
the lowest cost and the fewest parts is
not necessarily the best. The second is
that, although I “solved” the radio-sta-
tion problem with an easy fix, I should
have questioned why the module was
sensitive to that condition in the first
place.EbN

Harold Stiltner is a hardware engi-
neer for Ingersoll Rand Climate Solu-
tions (LaCrosse, WI).

www.edn.com/tales
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