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Data acquisition just got a lot easier.

More ways to control. More ways to connect.
The new Agilent 34972A Data Acquisition Switch Unit takes our best-selling Agilent 34970A 

to the next level. For starters, you get convenient built-in LAN and USB connectivity. Plus, 

you can control your data acquisition remotely via Web interface. And transfer logged 

data to your PC with a simple fl ash drive. No more expensive adapters and connectors. 

That’s easy. That’s Agilent.

© 2010 Agilent Technologies, Inc.
*Prices are in USD and are subject to change. 
See participating distributors for details.

NEW  34972A 34970A

USB and LAN GPIB and RS232

Graphical web interface

Benchlink data logger software

SCPI programming

Benchlink data logger software

SCPI programming

3-slot LXI unit with built-in 6 ½ digit DMM

 $1,845    $1,597* $1,597*

Hurry!  For a limited time, get 
the 34972A at the 34970A price.
www.agilent.com/fi nd/Agilent34972A

800-463-9275  
www.newark.com/agilent

Agilent and our Distributor Network
Right Instrument. Right Expertise. Delivered Right Now.
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Enter xx at www.edn.com/info

· Square wave clocks from DC to 2.05 GHz

· Random jitter <1 ps (rms)

· 80 ps rise and fall times

· 16-digit frequency resolution

· CMOS, LVDS, ECL, PECL, RS-485

· Phase adjustment & time modulation

The CG635 generates clock signals ⎯ flawlessly.
The clock signals are fast, clean and accurate,
and can be set to standard logic levels.

How fast? Frequency to 2.05 GHz with rise and
fall times as short as 80 ps.

How clean? Jitter is less than 1 ps and phase
noise is better than −90 dBc/Hz (100 Hz offset)
at 622.08 MHz.

How accurate? Using the optional rubidium
timebase, aging is better than 0.0005 ppm/year,
and temperature stability is better than
0.0001 ppm.

You would expect an instrument this good to be
expensive, but it isn't.  You no longer have to
buy an rf synthesizer to generate clock signals.
The CG635 does the job better⎯at a fraction of
the cost.

2 GHz Clock Generator

Stanford Research Systems

Phone: (408) 744-9040 · Fax: (408) 744-9049 · info@thinkSRS.com · www.thinkSRS.com

CG635...$2490 (U.S. list)

Plot shows complementary clocks and PRBS (opt. 01)
outputs at 622.08 Mb/s with LVDS levels. Traces have
transition times of 80 ps and jitter less than 1 ps (rms).
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EM simulation 
for EMC: keeping a lid 
on interference

26 
Field-solver simulation can 
do your work, but you 
have to do the thinking.

By Paul Rako, Technical Editor

Design quality 
and its impact 
on design closure

33 Steps to ensure quality early 
in the design can speed clo-

sure and avoid failed silicon.
By Piyush Sancheti and Sanjay 

Churiwala, Atrenta Inc, and Rob 
Knoth, Magma Design Automation

12  SMUs support testing 
of battery-powered products, 
system components

13  NI advances IEEE 802.11n 
WLAN test

13  IP block makes 
audio-bandwidth 12-bit 
ADC from digital logic

14  Low-power e-nose checks 
air quality

14  Tool gives early area, power, 
and timing estimates

15  Open-source development 
board: $4.30

16  Equivalent-time-sampling scope 
improves accuracy of character-
izing high-speed designs

16  Seagate takes cautious 
approach to solid-state drives

Dilbert 13

ESL synthesis: tips for implementing 
a viable ESL-synthesis flow

22 Here’s a checklist of what to do and what not to do when 
performing ESL synthesis. The items discussed help set 

realistic expectations for those about to take the plunge.
By Nancy Wu, 

Gary Smith EDA

43 Eight-digit counter works with common anode or common cathode

44 Count objects as they pass by

46 Modified DDS functions as baud-rate generator

49 DC-voltage doubler reaches 96% power efficiency

49 Microcontroller’s serial port measures pulse width
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What’s happening 
in the electronics world?
The EDN.com News Center provides 

real-time breaking news and analysis on 

the global electronics industry, including 

coverage of semiconductors, lawsuits, IC 

design, microprocessor units, consumer 

electronics, analog, and business trends.

➔www.edn.com/100715tocd

Path-specific derating to reduce 

timing pessimism: a proposal

Reducing your pessimism about timing 

uncertainty as the design progresses can 

speed timing closure.

➔www.edn.com/100715toca

The not-so-smart grid

What exactly are the standards for the 

next-generation utility grid? In many cases, 

nobody knows.

➔www.edn.com/100715tocb

EUV lithography cannot come 

soon enough

Sematech’s biennial Litho Forum survey 

shows that the cost of ownership is a lead-

ing concern as respondents anticipate their 

critical-layer lithography needs. Collaboration 

is key for bringing in viable solutions.

➔www.edn.com/100715tocc

Check out these Web-exclusive articles:

Exclusive e-book
EDN’s third “Designing with 

LEDs” event, held March 17, 

2010, in Santa Clara, CA, ad-

dressed high-brightness-LED 

design challenges from the 

viewpoint of the hardware engineer. 

Topics included power control, thermal man-

agement, and optics—all of which affect the 

cost, efficiency, and life span of LEDs. Six of 

the technical papers presented at the semi-

nar are available in a downloadable e-book.

➔www.edn.com/100715toce

neer

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

density solutions tailored
for energy-effi cient

power supplies.

Simpler Power
Conversion

 THE POWER MANAGEMENT LEADER 

For more information call
1.800.981.8699 or visit

www.irf.com

Part
Number Pckg. VCC

(V)
Freq.
(kHz)

Gate
Drive
±(A)

VGATE
Clamp

(V)

Current
Mode

IR1150
(STR)PbF

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

Part
Number

IR1166S
PbF

IR1167AS
PbF

IR1167BS
PbF

IR1168S
PbF

Package SO-8

VCC (V) 20

VFET (V) <=200

Sw Freq.
max (kHz) 500

Gate Drive 
±(A) +1/-4 +2/-7 +1/-4

VGATE Clamp 
(V) 10.7 10.7 14.5 10.7

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

Channel 1 2

RoHS

μPFC™ PFC IC

SmartRectifier™ IC

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

Untitled-1   1 10/15/2009   10:24:05 AM

EDN100715_007   7 7/19/10   4:08:04 PM



Our engineers
needed a scope 
with digital trigger 
to catch every glitch. 
So we built one.

See for yourself
www.scope-of-the-art.com/ad/trigger/catchingglitch
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There are obstacles, however. Panel-
ist Myung-Soo Jang of Samsung sug-
gested that accurate design and analysis 
tools that work together in a seamlessly 
integrated flow could speed the adop-
tion of 3-D implementations. Lu agreed 
that new design methods could help 
address challenges related to good-die 
sorting, process variations, and thermal 
and mechanical stress.

Manufacturers are making progress 
on the design-tool front. Atrenta, Auto-
ESL, Qualcomm, and IMEC at DAC 
demonstrated a working prototype 
front-end 3-D chip-design system. The 
flow the companies demonstrated ad-
dresses 3-D-aware high-level synthesis, 
early partitioning, floorplanning, and 
multidomain analysis. “The daunting 
challenges of 3-D design demand a 3-D-
aware high-level-synthesis approach,” 
said Atul Sharan, president and chief 
executive officer of AutoESL.

“Early partitioning, floorplanning, 
and analysis yield substantial benefits 
for design predictability on convention-
al advanced SOCs,” said Ravi Varadara-
jan, Atrenta fellow. “With the emer-
gence of 3-D multitechnology design, 
this activity now becomes an absolute 
must-have. You simply cannot hand off 

a 3-D design to back-end implementa-
tion without knowing for certain that 
it’s partitioned correctly.”

The demonstration grew out of what 
Riko Radojcic of Qualcomm called 
PathFinding technology, which Qual-
comm has been developing over a 
number of years. According to 
Radojcic, with traditional 
Moore’s law process mi-
gration—from 90 to 
65 nm, for example—
it’s relatively easy 
to project what will 
happen. The new ge-
ometry will yield de-
vices that are smaller, 
faster, and more prone 
to leakage—information 
that can assist in building 
working and yielding parts.

Such projections aren’t necessar-
ily valid or helpful with 3-D parts. 
Something that allows you to explore 
knobs at both the architectural and 
the process ends is necessary, said Ra-
dojcic. “That’s PathFinding to me.” 
The collaboration with Atrenta, Auto-
ESL, and IMEC, he added, is an effort 
to build a commercial set of tools that 
assist the PathFinding function.

Pol Marchal, principal scientist for 
IMEC’s 3-D SOC-design initiative, 
who assisted with the June 14 demon-
stration, addressed PathFinding tech-
nology on June 8 at the IMEC Tech-
nology Forum at IMEC headquarters in 
Leuven, Belgium. IMEC’s overall 3-D 
efforts, he said, involve investigations 
of TSV technology, wafer thinning and 
back-side processing, the packaging of 
3-D die stacks, cost modeling, and 3-D 
system exploration, with the last being 
germane to PathFinding technology.

Marchal called PathFinding a system-
atic exploration of trade-offs. “Under-
standing the system requirements pro-
vides the engineer with inputs to guide 
design and technology decisions,” he 
said, adding that a PathFinding flow al-
lows engineers to iterate on design and 
technology choices to optimize foot-
print, timing, thermal performance, and 
other functions.

Marchal cited as an example a mobile 
consumer device, which would require 
three or four chip tiers with a package 
thickness of less than 0.6 mm and more 
than 1000 TSVs per tier operating at 
400 MHz and providing a 12.8-Gbyte/
sec data rate, all while consuming less 

than 2.5 pJ/bit. PathFinding 
analysis, he said, shows the 

feasibility of building 
such a device.

Despite the emer-
gence of 3-D-design 
tools, obstacles will 
remain to the wide-
spread adoption of 

3-D techniques. DAC 
panelist Joe Adam of 

JMA Consulting predict-
ed that incumbents with sig-

nificant investment in 2-D tech-
nologies will be reluctant to change.

Ultimately, however, resistance is fu-
tile. As IMEC’s Marchal told the June 
16 DAC panel attendees, “Practice 
today or don’t play tomorrow.”EDN

 A
s the semiconductor industry moves from “more Moore” to 
“more than Moore,” 3-D-stacked-die implementations will 
become critical for implementing ever-denser chip pack-
ages. Interest in the technology is strong, based on an over-
flow crowd attending a June 16 DAC (Design Automation 
Conference) panel, “3-D stacked die—now or in the fu-

ture?” The consensus seemed to be that the 3-D revolution is imminent. 
Panelist LC Lu of TSMC (Taiwan Semiconductor Manufacturing Co) said 
that his company is developing the TSV (through-silicon-via) technology 
that will interconnect the stacked chips in stacked die, with a focus on 
design, packaging, and testing—not just the fabrication process.

The time is now for 3-D stacked die

+ Go to the Talkback section at www.
edn.com/100715ed to post a comment 
on this article.
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Ideal for use in:
  Solid State Lighting
  Street Lighting
  General Illumination
  Architectural Lighting
  Constant Current Power Supplies

MIC3230 MIC3231 MIC3232
Input Voltage 6V to 45V 6V to 45V 6V to 45V

Synchronization Yes No No

Dither No Yes No

Frequency 
Range

Adjustable 
100kHz to 1MHz

Adjustable 
100kHz to 1MHz

Fixed 400kHz

Package 16-Pin TSSOP
12-Pin MLF®

16-Pin TSSOP
12-Pin MLF®

10-Pin MSOP

The rapid growth of LED l ighting applications 
in commercial, industrial and automotive markets 
has led to a wide variety of technical requirements 
for LED drivers.  Micrel is meeting these challenges 
with its  family of high performance LED drivers. 

For example, the new 45V input, 70W, 3% accuracy 
constant current boost controllers like MIC3230/1/2 
delivers the performance and flexibility needed. In 
addition to the PWM dimming and synchronization 
capability, these LED drivers also offer dither feature for 
EMI reduction up to 10dB thus providing an unparalleled 
performance for your solid state lighting applications.

For more information, contact your local Micrel sales 
representative or visit Micrel at: www.micrel.com/mic3230. 

www.micrel.com
© 2010 Micrel, Inc. All rights reserved. Micrel is a registered trademark of Micrel, Inc.
Bringing the Power to Light is a trademark of Micrel, Inc.
MLF is a registered trademark of Amkor Technology, Inc.

Bringing the Power to Light™ with 
High Performance LED Drivers

VOUTVIN

PWMD

ENABLE

Sync to other
MIC3230

LED X

COMP

PWMD

VDD

AGND PGND

IS

OVP

DRV

VIN

EN

IADJ

SYNC

FS
MIC3230
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Wide Input Voltage, Low EMI, High Power LED Drivers.  Easy to Use, Flexibility by Design.
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INNOVATIONS & INNOVATORS

EDITED BY FRAN GRANVILLE

FEEDBACK LOOP

A
gilent Technologies has added two 

two-quadrant SMUs (source-meas-

urement units) to its N6700 series of 

modular power systems—the N6781A for 

battery-drain analysis and the N6782A for 

functional test. The units, which perform as 

voltage or current sources or as constant-

voltage or constant-current electronic 

loads, provide the advanced capabilities 

you need to test battery-powered devices 

and their components. The company also 

introduced software and updates for its 

dc-power-analyzer mainframe.

Thanks to the products’ seamless meas-

urement ranging, you can precisely view and 

measure dynamic-current waveforms without 

glitches or disruptions. The SMU automatically 

detects the current of the DUT (device under 

test) as it changes and switches among its four 

measurement ranges to the range that returns 

the most precise measurement.

In combination with the units’ built-in 18-bit 

200k-sample/sec digitizer, seamless meas-

urement ranging enables 28-bit effective ver-

tical resolution. In one pass and one picture, 

the units let you see complete current wave-

forms—from nanoamps to amperes. A com-

plementary feature provides quick glitch-free 

transitions among source ranges.

When you use the N6781 with the manufac-

turer’s 14585A software, the N6781A provides 

insights into the battery drain of e-book read-

ers, music players, mobile phones, and pace-

makers. The unit also includes an auxiliary DVM 

(digital voltmeter).

The N6782A can modulate its output to 100 

kHz and provides two-quadrant operation, 

suiting it for  such devices as dc/dc convert-

ers, power-management units, power ampli-

fi ers, and power-management ICs. The fast 

sourcing and waveform capabilities can stim-

ulate the DUT’s input stage, and the electronic-

load capabilities can load the output stage and 

measure its performance, thus enabling com-

prehensive testing.

The product family includes four mainframes 

and 24 dc-power modules, providing a range 

of confi gurations—from R&D through design 

validation and manufacturing. The updated 

N6705B dc-power analyzer has an internal 

memory of 1 Gbyte and  fully supports the new 

modules, including modules that can output 

more than 20A. 

The N6781A for battery-drain analysis, the  

N6782A for functional test, and the N6705B 

mainframe sell for $5300, $4230, and $6900, 

respectively. A software license for the 14585A 

costs $1240.—by Dan Strassberg

▷Agilent Technologies Inc, 

www.agilent.com/fi nd/n6780.

SMUs support testing of battery-
powered products, system components

“I’m amazed 
that you kept old, 
dead PALs. I used 
them a bunch, too, 
and usually had 
a pile of old, dead 
PALs ... in a corner 
of my workbench. 
... Your description 
certainly evoked 
those days for 
me.”
—Engineer and former EDN 
Editor-in-Chief Steve Liebson, 

in EDN’s Talkback section, at 

www.edn.com/100715pulsea. 

Add your comments.

For use in R&D, the 6705B mainframe houses a variety of modules, including the 

6781A and B SMUs, which perform comprehensive tests on battery-powered prod-

ucts and system components.
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N
ational Instruments 

has introduced 

Version 2.0 of its 

WLAN (wireless- local-

area-network) software 

suite for IEEE 802.11n 

WLAN testing. The suite 

includes enhanced soft-

ware tool kits for IEEE 

802.11n WLAN-signal 

generation and analy-

sis. The suite integrates 

with NI’s 6.6-GHz PXIe 

(Peripheral Component 

Interconnect Extensions 

for Instrumentation Express) 

multichannel RF-signal gener-

ators and analyzers to deliver 

phase-coherent MIMO (multi-

ple- input/mult ip le-output) 

RF measurements or IEEE 

802.11n WLAN testing. The 

software also delivers high 

speed for EVM (error-vector 

magnitude) and spectrum-

mask measurements.

Suite 2.0 adds IEEE 802.11n 

support to the generation and 

analysis tool kits to facilitate 

MIMO testing with true port-

to-port phase coherency. For 

measurements, the tool kit 

integrates with NI’s 6.6-GHz, 

two-, three-, and four-channel 

PXIe-5663E VSAs (vector-sig-

nal analyzers) to provide accu-

rate multistream MIMO meas-

urements. For signal genera-

tion, the tool kit integrates with 

NI’s 6.6-GHz, two-, three-, and 

four-channel PXIe-5673E VSGs 

(vector-signal generators) to 

generate true phase-coherent, 

multistream RF signals.

In addition to 802.11n MIMO 

support, the latest version of 

the NI WLAN measurement 

suite improves on the previ-

ous version with faster mea-

surement. When you combine 

it with the latest NI PXIe-8133 

quad-core embedded control-

ler, the system can perform 

composite EVM and power 

measurements in 7 msec. A 

result of the tool kit’s multicore-

enabled measurement algo-

rithms, the fast measurement 

is crucial for reducing test times 

and lowering the costs of test-

ing wireless devices.

The suite also adds a variety 

of software features to improve 

measurement performance 

and ease of use. Engineers 

can software-enable its 

resolution-bandwidth-fi lter 

feature to remove broad-

band noise and increase 

EVM-measurement accu-

racy. With front-end fi lter-

ing, engineers can achieve 

residual EVM accuracy of 

better than −47 dB when 

testing WLAN devices.

The suite includes soft 

front panels for signal 

generation and analysis 

to support a range of WLAN 

IEEE 802.11n confi gurations, 

including 4×4 MIMO, and to 

report measurement results 

and traces. In addition, engi-

neers can use the measure-

ment suite as either a stand-

alone executable or an API 

(appl icat ion-programming 

interface) in LabView, in the 

NI LabWindows/CVI ANSI C 

environment, or in other C, 

C++, and .NET development 

systems.

Prices for the NI WLAN 

measurement suite for IEEE 

802.11a/b/g/n start at $5999, 

prices for the NI WLAN-

generation tool kit for IEEE 

802.11a/b/g/ start at $3999, 

and prices for the WLAN-

analysis tool kit for IEEE 

802.11a/b/g/n start at $3999.

—by Rick Nelson

▷National Instruments, 

www.ni.com.

NI advances IEEE 802.11n WLAN test

Dilbert By Scott Adams

The new NI WLAN measure-

ment suite adds a variety of 

software features to improve 

measurement performance 

and ease of use.

IP BLOCK MAKES 
AUDIO-BANDWIDTH 
12-BIT ADC FROM 
DIGITAL LOGIC

Targeting applications 
in FPGAs and ASICs, 
Stellamar has created an 
IP (intellectual-property) 
block that uses digital 
circuitry to make a high-
quality ADC. The scheme 
uses an LVDS (low-volt-
age-differential-signaling) 
input as a comparator. 
By adding a few passive 
components to the block, 
you can achieve 12-bit ac-
curacy over a bandwidth 
of 15 kHz. At 15- and 
4-kHz bandwidths, SNRs 
(signal-to-noise ratios) 
are 68 and 72 dB, respec-
tively. The design exhibits 
no missing codes. 

One pin of the LVDS 
pair serves as a single-
ended analog input; the 
other is a feedback pin 
for the IP block. You can 
use two of these blocks 
for a differential input. 
The analog-input range 
can sweep through the 
entire common-mode 
range of the I/O circuitry, 
or you can design it to run 
over a narrower range of 
voltages with a specified 
common-mode voltage. 
The design also works in 
military applications; you 
can build it in radiation-
hardened CMOS or SOI 
(silicon-on-insulator). 
The company will sell the 
IP block for a fixed NRE 
(nonrecurring-engineer-
ing) fee, plus a per-unit 
royalty. Stellamar demon-
strates the design’s op-
eration in many FPGAs.

—by Paul Rako
▸Stellamar, www.
stellamar.com.
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I
MEC ( I n te run i ve rs i t y 

Microelectronics Centre) 

and the Holst Centre have 

developed sensitive inte-

grated sensing elements for 

gas detection in the form of 

high-density arrays of poly-

mer-coated microbridges 

within a MEMS (micro-

electromechanical-system) 

device. The device can 

detect parts-per-million-level 

concentrations of vapors 

using on-chip-integrated 

read-out techniques. The 

demonstrated technology is 

suitable for miniaturization 

of electronic-nose devices, 

thanks to its small form fac-

tor and power consumption  

of less than 1 μW/bridge.

Mercedes Crego-Calama, 

principal researcher at Holst 

Centre/IMEC and program 

director for Holst Centre’s 

Human++ program, says that 

each MEMS bridge within an 

e-nose device acquires extra 

mass in the presence of vola-

tile chemical vapors, chang-

ing its piezoelectric character-

istics. Arrays of such MEMS 

bridges, she says, can resolve 

and identify multiple chemical 

contaminants in an environ-

ment and help warn allergy or 

asthma suffers to avoid poten-

tially harmful environments.

The MEMS-bridge architec-

ture operates at lower power 

than alternative cantilever-

based approaches. Crego-

Calama also describes a low-

cost manufacturing approach, 

in which commercial ink-jet-

printing technology can deposit 

the polymers sensitive to spe-

cifi c chemical vapors onto the 

MEMS structures. The e-nose 

can monitor air quality, iden-

tify pathogens, monitor food 

ripeness or spoilage, monitor 

physiological conditions—from 

breath analysis, for example—

and detect biological or chemi-

cal weapons.

Within an e-nose device, 

suspended structures vibrate 

individually, and changes in 

their modes of vibration, or res-

onances, indicate the absorp-

tion of a vapor as each bridge 

device’s unique polymer coat-

ing determines. Work is ongo-

ing to integrate the structures 

with low-power analog read-

out circuits and to demonstrate 

simultaneous measurements 

from multiple structures.

—by Rick Nelson

▷IMEC, www.imec.be.

▷Holst Centre, 

www.holstcentre.com.

Microbridge arrays within a 

MEMS device constitute an 

e-nose. A polymer specific to 

a particular gas coats each 

microbridge.

TOOL GIVES EARLY AREA, POWER, AND TIMING ESTIMATES 

Atrenta has announced the SpyGlass-Physical soft-
ware tool, which enables RTL (register-transfer-level) 
engineers to achieve faster design closure by modeling 
physical-implementation effects at the RTL stage of the 
design. Previous members of the SpyGlass family provide 
information on whether a design is syntactically correct 
and testable; the new member provides early estimates 
of area, power, timing, and routability for RTL designers 
who lack physical-design expertise or tools.

According to Ravi Varadarajan, Atrenta fellow, the new 
tool does not replace a customer’s favorite implementa-
tion tools but rather makes them more efficient, allow-
ing designers to identify problems earlier in the design 
cycle. 

In addition, the time penalties of successive iterations 
using traditional tools—in which you find problems after 
place and route, for instance—limit the amount of explo-
ration designers can do, with the result that they might 
settle for a suboptimal solution. SpyGlass-Physical al-
leviates that problem.

François Rémond, director of CAD at STMicro-
electronics (www.st.com), describes his use of the 
SpyGlass-Physical tool in the design of a 55-nm set-top-
box chip, which includes 209 million transistors, 230 
clocks, 7 million placed instances, 500 signal pads, 53 
RTL-IP (intellectual-property) blocks, and 160 hard-IP 
blocks. He explains that the timing and physical closure 
of such chips represent a big challenge. “We needed a 

tool that would partition our SOCs [systems on chips] 
based on our requirements and provide trade-off analy-
sis and guidance for our implementation tools,” Rémond 
says. “The SpyGlass-Physical product achieved that 
[goal] on 40- and 32-nm SOCs in significantly shorter 
time than we expected.” 

SpyGlass-Physical runtimes can range from two to 
three hours, which represents a large savings over find-
ing problems deep in the implementation. The product 
helps to achieve performance targets in concurrent 
block- and SOC-development processes by using a set 
of interactive implementation-analysis features.

The result is enhanced guidance for the implemen-
tation of both IP blocks and full-chip SOCs. SpyGlass 
users can easily integrate the product into their design 
flows and realize the benefits of early physical-imple-
mentation modeling.

“Chip-design companies have a great need to reach 
faster design closure than ... current flows [support],” 
says Ajoy Bose, PhD, chairman, president, and chief 
executive officer of Atrenta. “The ability to model the 
impact of physical implementation on the design at an 
early stage is a critical aspect that is missing from to-
day’s RTL flows.”

The SpyGlass-Physical product addresses this gap 
by providing early estimates of area, power, timing, and 
routing congestion.—by Rick Nelson

▸Atrenta, www.atrenta.com.
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Low-power e-nose checks air quality
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Open-source 
development 
board: $4.30  

O
pen-source hardware appeals 

most strongly to developers 

who want or need to access 

all parts of their hardware and software 

platform. To address that requirement, 

Texas Instruments’ new Launchpad 

development board puts a fully realized 

16-bit microcontroller platform within 

the grasp of any designer for $4.30. 

The platform employs TI’s Value Line 

family of low-cost, 16-bit microcontrollers 

and comes with the 14-pin Value Line 

MSP430G2211 and MSP430G2231 pro-

cessors. Demo fi rmware on one prepro-

grammed processor demonstrates the 

use of on-chip peripherals. You can swap 

the processors out in the on-board 20-pin 

DIP socket as needed. An integrated, USB-

powered emulator permits fl ash program-

ming, fi rmware debugging, and serial com-

munication. It can also serve as a program-

mer or a debugger for any  microcontroller in 

the MSP430 family. TI offers the free, down-

loadable Code Composer Studio and IAR 

Embedded Workbench KickStart compiler/

debugger software packages. 

—by Margery Conner

▷Texas Instruments, www.ti.com.

The $4.30, open-source Launchpad 

development board puts a 16-bit micro-

controller platform, including a 10-bit ADC, 

comparators, and an internal temperature 

sensor, within the grasp of any designer.

sealevel.com  >  sales@sealevel.com  >  864. 843.4343

®

Connectivity and control. Making your interface as reliable as the 

tides—and just as strong. Sealevel creates hardware and software 

solutions for both digital and serial interface requirements.

We Listen. Think. And Create. 

© 1986-2010, Sealevel Systems, Inc. All rights reserved.

Experience exceptional computing at low 

power with the SBC-R9, an application-ready 

platform for your next product design.

The right connection creates 

incredible power. 

Computing/HMI                  Serial                  I/O
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A
gilent Technologies 

has expanded its 

DCA (digital-commu-

nications-analyzer) portfolio 

with the introduction of the 

86100D DCA-X (extended) 

wide-bandwidth equivalent-

time-sampling oscilloscope. 

The instrument provides the 

tools you need to easily and 

accurately characterize high-

speed digital designs. The 

DCA-X mainframe platform 

lets you make next-generation 

measurements that include 

integrated de-embedding. 

The unit is backward-com-

patible with all previous DCA 

models and is fully code-

compatible with the 86100C 

mainframe. Future models will 

support 16 channels, which 

will enable you to effi ciently 

test parallel designs and will 

achieve higher throughput in 

manufacturing.

The DCA series’ high ana-

log bandwidth, low noise, and 

low measurement jitter help you 

to see the true performance of 

your designs on signals whose 

data rates range from 50 Mbps 

to more than 40 Gbps. You can 

confi gure the modular DCA plat-

form for optical, electrical, TDR/

TDT (time-domain-refl ectometry/

time-domain-transmission), and 

S (scattering)-parameter mea-

surements. The DCA-X improves 

on the accuracy and ease of use 

of the 86100C DCA-J (jitter) by 

integrating de-embedding and 

embedding using the 86100D-

Sim InfiniiSim-DCA software 

license.

Usability enhancements in-

clude graphical-signal process-

ing and dual user interfaces—

the FlexDCA, a new, customi-

zable, vector-based interface 

for scope, eye, and jitter mea-

surements, and the DCA-J. The 

device also features as many 

as 64 simultaneous measure-

ments and data-dependent 

pulse-width-shrinkage, uncor-

related-jitter, and pre- and de-

emphasis measurements.

Hardware enhancements 

include vertical-gain and off-

set controls for all chan-

nels and functions, a user-

defined multipurpose button, 

a user-defined analog-con-

trol knob, a faster CPU, and 

support for as many as 16 

measurement channels.

As data rates increase, fi xtures 

and probes play a larger role in 

degrading waveform fi delity and 

reducing measurement margins. 

During verifi cation or compliance 

testing, you must often remove 

these unwanted effects to see 

your devices’ true performance. 

It is common to measure a clean 

transmitter output and to simu-

late this signal at the output of a 

typical channel-loss model. The 

86100D-Sim InfiniiSim-DCA 

waveform-transformation tool 

set, a new 86100D software 

option, allows you to quickly 

and accurately perform both of 

these tasks.

Agilent has also upgraded 

its N101A FlexDCA remote-

access software so that it now 

supports both the 86100C 

DCA-J and the 86100D DCA-X 

mainframes. The N1010A, a 

PC-based version of the DCA-X 

user interface, extends control 

of the scope through a LAN 

to a remote lab or home-offi ce 

PC and allows you to analyze 

waveforms offl ine. 

US prices for the 86100D 

DCA-X start at $21,500. US 

prices for the 86100D-Sim 

InfiniiSim-DCA waveform-

transformation software start 

at $5000.

—by Dan Strassberg

▷Agilent Technologies, 

www.agilent.com.

Equivalent-time-sampling scope 
improves accuracy of characterizing 
high-speed designs 

The 86100D DCA-X equivalent-time-sampling-scope main-

frame, which can acquire signals at frequencies as high as 90 

GHz, accepts all of the plug-in modules that its predecessors 

accept. It also accepts new plug-ins that significantly expand 

its measurement capabilities and lets you choose between two 

user interfaces.

S
eagate’s new oper-

a t i n g - s y s t e m - a g -

nost ic  Momentus

XT solid-state drives pres-

ent themselves as conven-

tional 3-Gbps SATA (serial- 

a d v a n c e d - t e c h n o l o g y -

attachment) hard drives. 

Magnetic-media capacities 

are larger than those of the 

company’s previous offer-

ings, befi tting the latest PMR 

(perpendicular-magnet ic-

recording) areal density 

capabilities. Flash-memory 

capacity is 4 Gbytes, and 

RAM buffers hold 32 Mbytes. 

The magnetic media’s rota-

tional speed is 7200 rpm, 

versus 5400 rpm in the fi rst-

generation approach.

Seagate claims that Mo-

mentus XT prices will track 

those of conventional hard 

drives to within a capacity-

dependent $50 to $90 markup. 

Prices for 500-, 320-, and 250-

Gbyte units are $156, $122, 

and $113, respectively.

The drives use SLC (single-

level-cell) NAND-fl ash memory, 

which is more expensive and 

more reliable than MLC (multi-

level-cell) memory, dispensing 

with the need for wear-level-

ing, error-detection and -cor-

rection, and erase-block-retire-

ment media-management algo-

rithms. System writes bypass 

fl ash memory, so performance 

limitations don’t hamper them. 

Compare prices on 250- to 

500-Gbyte solid-state drives, 

and the price advantage of 

Momentus XT will soon become 

evident.—by Brian Dipert

▷Seagate Technology, 

www.seagate.com.

Seagate takes cautious approach 
to solid-state drives
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 Analog Devices: enabling the designs that 
make a difference in people’s lives.

 Measurement, processing, and communications solutions for intelligent 

energy systems. Optimizing the supply and demand for electricity is a goal we 

all share. At ADI, we provide data converter, amplifi er, processor, and wired and 

wireless communications technologies to create leading-edge solutions for 

today’s energy market. Our products give consumers precise, real-time smart 

meter information, enabling them to reduce energy consumption; utilities the 

ability to accurately monitor grid conditions, increasing system effi ciency; 

and energy producers the ability to optimize solar and wind power generation, 

reducing fossil fuel dependence. For over 40 years, ADI has brought innovation 

and imagination to critical designs, including those that make our energy-

sensitive world a better place. Learn more at www.analog.com/energy.

 www.analog.com

 ADI’s family of innovative smart meter 

solutions offers greater control, communication, 

and monitoring capabilities.

 Metering IC

DSP

 RF Transceiver

EDN100715_017   17 7/19/10   4:16:38 PM



18  EDN  |  JULY 15, 2010

BY HOWARD JOHNSON, PhD

S I G N A L  I N T E G R I T Y

The concept of resistance translates 
easily between the two circuits. If you de-
fine the fluid-flow resistance of a pipe as 
the pressure difference from end to end 
divided by its flow, then a long, skinny 
pipe makes a high resistance. A big, fat 
pipe, such as the one still gushing oil into 
the Gulf of Mexico, makes a low resis-
tance. This fluid-flow equivalence works 
so naturally that most students, years later 
at the end of their careers, still think of a 

high resistance as a long, skinny pipe. 
One major difference between the 

movement of water and that of elec-
trons concerns linearity. The fluid-flow 
resistance of a piece of pipe varies al-
most quadratically with the flow, as op-
posed to the exquisitely linear relation-
ship you normally expect when work-
ing with an electrical resistance. Nobody 
brought that fact to my attention when 
we discussed the water-flow analogy in 

school, but, if you want to properly size 
your lawn-sprinkler system’s pipes, you’d 
better check it out. 

The lack of linearity in water-flow sys-
tems works to the advantage of a stu-
dent’s understanding. It focuses attention 
on two fundamental principles of circuit 
analysis. First, you must always maintain 
the correct relation of pressure drop to 
flow for every device throughout a cir-
cuit. Second, no water enters or exits a 
closed system. Those two rules are suffi-
cient to develop a rich understanding of 
circuit behavior.

On the other hand, the simple linear 
nature of electronic components tempts 
electrical engineers to attack every prob-
lem with linear matrix analysis and 
Laplace transforms. These powerful tools 
confuse beginners. Rather than begin 
with linear analysis, every electrical-en-
gineering student should first complete a 
thorough study of nonlinear circuits. De-
vices such as FETs and bipolar transistors 
are nonlinear and temperature-depen-
dent anyway, so it makes sense to first in-
troduce nonlinear behavior.

Water- and electron-based circuits, 
both ultimately dependent on the move-
ment of myriad tiny particles, share many 
similarities beyond simple pressure and 
flow relations. For example, if you force 
too much water through a pipe, the re-
quired rise in pressure may burst the pipe, 
after which nothing flows through to the 
end and you have to mop up a huge mess. 
In an electrical circuit, an overtaxed re-
sistor overheats and melts, after which 
no current flows and you must deal with 
the smell.

At the other end of the signal-ampli-
tude scale, Brownian motion affects sen-
sitive hydraulic systems, such as the dif-
fusion of ions throughout a nerve end-
ing. Thermal noise affects electrical cir-
cuits. It’s the same effect either way. 
We are all just pushing particles around 
closed loops.EDN 

 P
ump A in Figure 1 forces water at constant pressure, P1, 
around a closed loop. As long as Valve B remains open or 
at least partially open, the water flowing in the pipe attains 
steady velocity, V1. The pump pressure; the viscosity of water; 
and the effective fluid-flow resistance of the pipes, valves, and 
elbows used in the circuit determine this velocity. The plumb-

ing circuit is analogous to a simple electrical circuit comprising a battery, 
a resistor, and a connection from the opposite end of the resistor back to 
the battery, representing the tank. The electrostatic pressure the battery 
creates corresponds to water pressure at the head of the pump. The circu-
lation of electrical current in the wires corresponds to the circulation of 
water in the plumbing.

Water analogy

P1

P2

V1

I1

TANK

PUMP A
VALVE B

Howard Johnson, PhD, of Signal Consult-
ing, frequently conducts technical work-
shops for digital engineers at Oxford Uni-
versity and other sites worldwide. Email 
him at howie03@sigcon.com.

Figure 1 Water circulates endlessly around this closed loop, much like electrical current.
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Fast Time Division Duplex (TDD) Transmission Using an 
Upconverting Mixer with a High Side Switch – Design Note 480

Vladimir Dvorkin

07/10/480

Figure 1. Upconverting Mixer with High Side VCC Switch

L, LT, LTC, LTM, Burst Mode, 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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Introduction

Many wireless infrastructure time division duplex (TDD) 
transmit applications require fast on/off switching of the 
transmitter, typically within one to fi ve microseconds. 
There are several different ways to implement fast Tx 
on/off switching, including the use of RF switches in the 
signal path, or on/off switching of the supply voltage for 
different stages of the transmitter chain. The advantages 
of the latter method are low cost, very good performance 
and power saving during the Tx off-time. In particular, a 
good place to apply supply switching is at the transmit 
upconverting mixer because this removes both the 
transmit signal and all other mixing products from the 
mixer RF output. 

The LT®5579 high performance upconverting mixer fi ts 
various TDD and Burst Mode® transmitter applications 
with output frequencies up to 3.8GHz. Fast on/off supply 
voltage (VCC) switching for the LT5579 is as simple as 

adding an external high side power supply switch (note 
that this technique is equally effective for the lower fre-
quency upconverting mixer, LT5578). 

High Side VCC Switch for a Burst Mode Transmitter 
Using the LT5579 Mixer 

The high side VCC switch circuit in Figure 1 uses a P-chan-
nel MOSFET (IRLML6401) with an RDS(ON) of less than 
0.1Ω. An N-channel enhancement mode FET (2N7002), 
connected from the drain of IRLML6401 to ground, further 
improves fall time. The 2N7002’s RDS(ON) is less than 4Ω, 
which is suffi cient for this application. 

The input driver for the high side VCC switch is a high 
speed CMOS inverter (MC74HC1G04) capable of driving 
capacitive loads. The IRLML6401 input capacitance is 
typically 830pF and the 2N7002 input capacitance is 
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Figure 2. VCC Turn-On and Turn-Off Waveforms

under 50pF. For faster rise times, two high speed CMOS 
drivers can be used in parallel. Likewise, for faster fall 
times, a different N-channel MOSFET with lower on-re-
sistance can be used. 

With the LT5579 supply current of 220mA, the power 
supply voltage drop across the MOSFET is only 11mV. 
The response time of the high side VCC switch is shown 
in Figure 2. Total turn-on time is only 650ns and total 
turn-off time is 500ns. These measurements were per-
formed using two RF bypass capacitors at the mixer VCC 
pin (33pF and 270pF). Higher value RF bypass capaci-
tors can be used, which would result in correspondingly 
slower rise/fall times. 

The LT5579 upconverting mixer circuit shown in Figure 1 
was optimized and tested at an RF output frequency of 
2140MHz. The RF output envelope in Figure 2 shows a dip 
about 300ns after the VCC switch turns on, followed by 
another, smaller dip at about the 500ns point. Both dips 
represent the mixer’s internal feedback circuit reaction 
to the ramping supply voltage.  

LO leakage to the RF output of the LT5579 was measured 
at –40dBm when VCC is on and –46dBm for VCC off. The 
LO port of the LT5579 is internally matched and has a 
return loss of 10dB to 18dB over a frequency range of 
1100MHz to 3200MHz. 

When the LT5579 mixer is in the off state, the return 
loss of the LO port is about 3dB to 5dB across the same 
frequency range of 1100MHz to 3200MHz. It is advisable 
to use an LO injection VCO with a buffered output for 
better reverse isolation, and to avoid any VCO pulling 
while the LO port impedance changes when switching 
between the on and off states.

Conclusion

LT5579 and LT5578 mixers without an ENABLE pin can 
be used in TDD applications with external VCC switch-
ing. Using only three parts (IRLML6401, 2N7002 and an 
MC74HC1G04), a high performance high side VCC switch 
allows turn-on and turn-off in under 1μs.



JULY 15, 2010  |  EDN  21

ESL SYNTHESIS: 

According to early adopters at the time, 
the top three benefits of ESL were its abil-
ity for high-level specification, its strong 
capabilities for architectural exploration, 
and the existence of reasonable tools and 
methods for high-level verification. Dur-
ing the same period, the top three chal-
lenges were the fact that ESL offered no 
clear path to RTL (register-transfer-level) 
implementation from high-level specifi-
cation, significant gaps in ESL methodol-
ogy and flow, and the absence of embed-
ded-software designers from system-level 
interactions. According to an anony-
mous user at a major North American 
electronics-system OEM at the time, the 
Holy Grail for ESL was an executable 
and synthesizable specification that de-
signers can simulate and eventually sign 
off at a high level of abstraction.

By mid-2009, this Holy Grail was still 
missing. But there has been progress, es-
pecially in the synthesizable-specification 
arena. EDA analyst Gary Smith says that 
three key segments in ESL are stable and 

growing: architectural design and explo-
ration, which is primarily the behavioral 
exploration segment that Co Ware and 
The MathWorks serve; software virtual 
prototypes, or virtual software develop-
ment, the tools—from CoWare, Synop-
sys, Vast, and other vendors—that en-
able software validation on models of the 
intended hardware; and ESL synthesis, 
the tools that generate RTL code from 
various high-level specifications, includ-
ing C/C++, and SystemC from compa-
nies including Forte, Mentor, and Syn-
fora. Smith calculates that each of these 
segments grew 30 to 80% on a year-over-
year basis during 2008.

As with any other technology, ESL in-
vites squabbling among vendor technol-
ogists and early adopters about the goal 
of synthesis. One goal seems to capture 
the key aspects from a user perspective: 
An ESL-synthesis platform enables high-
level specification, optimization, and 
verification and automatically leads to 
verifiable RTL code with result quality 

comparable to that of manual methods. 
Smith asserts that a viable path to im-

plementation from high-level specifica-
tion to RTL code enables mainstream 
users to adopt leading ESL-synthesis 
tools. In his view, the time for return-on-
investment justification has passed; it is 
now time to educate new adopters about 
rules of deploying ESL-synthesis tools.

Desaisive Technology Research takes 
a realistic approach toward measuring 
and forecasting the ESL market. Table 
1 compares the emerging ESL market 
with the more traditional RTL market. 
A migration in revenues from RTL to 
ESL design is expected during the next 
three to five years. RTL will not disap-
pear anytime soon. However, the ESL 
segment should continue to outpace the 
overall EDA market, and the RTL-de-
sign and -verification revenues will like-
ly prove to have peaked in 2007. 

Based on input from the technical 
media and user postings over the past six 
months, there still appears to be a fer-
vent, vendor-biased debate on one key 
issue: which high-level language should 
participants in the EDL market use? 
This issue is not trivial; it lies at the core 
of industry participants’ objectives for 
deploying an ESL-synthesis flow. 

The choice of high-level language 
can be a critical factor for successful use 
of ESL. C/C++ offers the highest level 
of algorithmic exploration, and design-
ers can easily simulate it with freeware. 
The greatest challenge is that C/C++ 

I
t would be an understatement to suggest that the ESL (elec-
tronic-system-level) market is an enigma. At the 1994 DAC 
(Design Automation Conference), vendors touted ESL as 
the panacea that would catapult the next growth spurt in the 
EDA market. The next 10 to 12 years were a bit disappoint-
ing in regard to the mainstream adoption of ESL methods. 
Depending on how you break up the data, the ESL market 
in 2005 likely accounted for $150 million in revenues across 
approximately 20 to 25 companies. Thus, mid-2006 repre-

sents a good point at which to assess the ESL user community. 

HERE’S A CHECKLIST OF WHAT 
TO DO AND WHAT NOT TO DO 

WHEN PERFORMING ESL SYNTHESIS. 
THE ITEMS DISCUSSED HELP SET 

REALISTIC EXPECTATIONS FOR THOSE 
ABOUT TO TAKE THE PLUNGE.

BY NANCY WU,
GARY SMITH EDA

TIPS FOR IMPLEMENTING A 
VIABLE ESL-SYNTHESIS FLOW
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has sequential execution semantics and 
provides no explicit support for paral-
lel structures. Obtaining good results 
for the synthesized RTL requires an ad-
vanced parallelizing compiler embedded 
in the synthesis tool to automatically ex-
tract parallelism in an application. Thus, 
the quality of the parallelizing compiler 
distinguishes one tool from another.

SystemC has emerged as the high-lev-
el specification language for hardware 
modeling and verification. SystemC has 
seen strong adoption on the hardware 
specification and, therefore, verification, 
side in Asia—primarily Japan—and Eu-
rope and within a host of consumer-
electronics OEMs. SystemVerilog, on 

the other hand, is essentially a high-lev-
el hardware-verification language, one 
step higher than RTL. Clearly, the bene-
fits a user hopes to derive from adopting 
ESL drive the choice of high-level lan-

guage and, thus, the level of abstraction.
An examination of some state-of-the-

art SOC (system-on-chip) architectures 
may help ascertain the nature and com-
plexity of the challenges facing these de-
sign teams. Specifically, consider Texas 
Instruments’ OMAP (Open Multime-
dia Application Platform) 4 processor, 
an ARM-based baseband processor for 
advanced cell phones (Figure 1); Broad-
com’s BCM2153 processor, an ARM-
based baseband processor for multime-
dia applications (Figure 2); and STMi-
croelectronics’ STi7167 decoder (Figure 
3), an advanced set-top box-decoder em-
ploying the ST40 CPU/FPU (floating-
point unit).
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Figure 1 TI’s OMPA-9 architecture clusters two ARM Cortex A9 processors with key accelerators.

AT A GLANCE
↘ High-level synthesis is finally a fac-

tor in SOC (system-on-chip) design.

↘ Dialects of C predominate.

↘ Both design and verification 

should move to the highest level of 

abstraction.

↘ Applying high-level tools to the 

entire design produces the best gains.
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All of these architectures have one or 
two core processors that assume a supervi-
sory role, a main bus structure, embedded 
memory, and a variety of off-the-shelf IP 
(intellectual property) for interfacing and 
control. Each has three to eight applica-
tion processors or computationally inten-
sive accelerators. These components in-
clude hardware accelerators, graphics ac-
celerators, image-signal processors, video 
accelerators, and security engines. The 
application processors and accelerators 
therefore form, in conjunction with the 

interconnection fabric and embedded-
software stack, the basis for competitive 
differentiation of the SOC. Everything 
else is essentially off-the-shelf IP.

Such application processors and accel-
erators, along with interblock communi-
cations, dictate what you must specify, 
verify, and synthesize at ESL. The other 
leg of system-level differentiation comes 
from the various stacks of application-
specific embedded software. Not sur-
prisingly, programmers debug most such 
software in C/C++ during the architec-

tural and functional-exploration stage. 
Thus, true ESL-design specification 
should begin at the C/C++ level. Propo-
nents of SystemC may disagree with this 
assessment. However, SystemC primar-
ily finds use in transaction-level model-
ing that enables performance validation 
at the system level.

The issue of sequential execution of 
C/C++ and the challenge of handling 
parallelism and implicit control also 
arise. Vendors and leading-edge custom-
ers offer several observations.

TABLE 1 EDA SEGMENTS REVENUE ANALYSIS ($ MILLIONS)
2006 2007 2008A 2009E 2010E 5-Yr CAGR

High-level design and verifi cation (ESL) 121.6 139.5 159.5 180 205

Year-over-year growth 16% 15% 14% 13% 14% 14%

Percentage of total computer-aided engineering segment 5% 6% 7% 8% 9%

RTL design and verifi cation (traditional) 651.2 696.9 634.6 625 625

Year-over-year growth 7% 7% −9% −2% 0% 1%

Percentage of total computer-aided engineering segment 29% 28% 29% 28% 28%

Total computer-aided-engineering segment 2213.4 2467 2199.7 2200 2250

Year-over-year growth 14% 11% −11% 0% 2% 3%

Total EDA market 4078.3 4464.8 3853.7 3850 3960

Year-over-year growth 14% 9% −14% 0% 3% 2%

Source: EDAC MSS Statistics Report and Desaisive Technology Research analysis
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Most customized logic for new SOCs 
comprises application processors and 
accelerators—computationally inten-
sive accelerators with a predominant 
datapath structure. These architectures 
put design teams at the forefront of ar-
chitectural exploration. Architects have 
for several years been using C/C++ for 
high-level modeling and specification. 
The ability to do both high-level specifi-
cation and functional verification, with 
an automated path to implementation, 
brings out the ultimate benefit of adopt-
ing ESL. In addition, both Mentor and 
Synfora have now generated dozens of 
customers that are willing references 
that these tools more than adequately 
handle a flow to RTL. For example, Syn-
fora boasts a unique parallelizing compil-
er that seamlessly handles both the data-
path and the control-logic components 
of application accelerators.

You must separate the issues of tim-
ing verification and performance veri-
fication. The focus of high-level veri-
fication is functional behavior and the 
possibility of running more test vectors. 
Although C/C++ lacks explicit timing 
information, designers can specify clock 
frequency and overall performance re-
quirements and can verify them start-
ing with a high-level specification in C/
C++. The design team should, howev-
er, relegate the issue of detailed timing 
analysis to SystemC and RTL.

If the goal of adopting an ESL meth-
odology is to begin with the highest lev-
el of abstraction with a proven path to 
implementation, it makes sense to begin 
at the C/C++ level. Designers can now 
generate both an RTL model and a Sys-
temC transaction-level model from this 
specification. You can successfully im-
plement an ESL synthesis flow using C/

C++, including Mentor’s CatapultC and 
Synfora’s Pico. For the more than 75% of 
the design community still using hand-
crafted RTL for design specification and 
verification, the issue is to outline the 
options available and set the right set of 
expectations for successful implementa-
tion of an ESL methodology.

Mentor and Synfora provide a list of 
top dos and don’ts that their users have 
adopted after going through the learning 
curve of implementing an ESL-synthesis 
flow. Some common themes advise de-
signers to design at the highest level of 
abstraction; build architecture awareness 
into the code at the highest possible lev-
el of abstraction; and optimize architec-
ture, system, and power constraints at the 
high-level design phase. Results matter, 
and the length of the learning curve and 
ease of adoption are important productiv-
ity considerations. However, you cannot 
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Figure 2 Broadcom’s Hedge baseband processor is a single-CPU SOC with a cluster of accelerators.
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compromise by accepting results that are 
not in the same quality range as hand-
crafted RTL. Keep in mind that these are 
company- and application-specific met-
rics that are difficult to generalize.

Consider verification early and often 
and how it fits into the overall picture 
of your high-level-synthesis flow. A key 
benefit of high-level synthesis is to do 
most of the verification and debugging at 
the highest level of abstraction. The ven-
dor’s ESL-synthesis tool must thus pro-
vide capabilities to debug both functional 
and performance issues rather than force 
you to debug at RTL. You should also de-
termine whether the ESL tool generates 
both RTL and SystemC models, so that 
hardware designers can perform transac-

tion-level-modeling analysis.
Target larger blocks of logic. Other-

wise, you derive no productivity bene-
fits, and the flow and methodology will 
not scale to larger blocks or real-life de-
signs. You should also use true hierarchi-
cal abstraction and ensure that the ESL-
synthesis tool supports a multilevel hier-
archical method. If the tool internally 
flattens the design before synthesis, this 
flattening adversely affects your ability 
to reuse or retune the design. This loss 
also affects the issue of results.

 Your tools should also provide visibil-
ity into what you are building and the 
downstream design implications. You 
should have high-level control over ar-
chitectural trade-offs and the ability to 

drive RTL implementation.
Systems comprise datapaths, control 

logic, and IP. The productivity boost of 
designing at a high level comes from 
the deployment of complex systems. 
Pay close attention to how the ESL-syn-
thesis tool handles and optimizes con-
trol logic. The synthesis tool should be 
able to automatically connect the sub-
blocks without manual intervention at 
the RTL.EDN

AUTHOR’S BIOGRAPHY
Nancy Wu is chief analyst at Gary Smith 
EDA. She has a master’s degree in econom-
ics from the University of Michigan—Ann 
Arbor and a bachelor’s degree in econom-
ics from the National Taiwan University.

Figure 3 This STMicro set-top box is a single-CPU, multiple-accelerator architecture, but the vendor is vague about the bus architecture.
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 S
imulating your product’s EM (electromagnet-
ic) radiation will help ensure that you pass 
FCC (Federal Communications Commis-
sion) and CE (Conformité Européenne) tests 
and will keep your project on schedule. Every 
product must have EMC (electromagnetic-
compatibility) tests. The FCC requires that 
you test your products to ensure that EM radi-
ation will not cause interference with radios, 

phones, and TVs. In addition to testing for EM radiation, your 
product must also exhibit electromagnetic immunity, meaning 
that a strike from a defined EM pulse will not significantly disturb 
the product’s performance (Reference 1).

KEEPING 
A LID ON 

INTERFERENCE
FIELD-SOLVER SIMULATION CAN DO YOUR WORK, 

BUT YOU HAVE TO DO THE THINKING.

BY PAUL RAKO • TECHNICAL EDITOR

You need sophisticated software tools 
to perform EM simulations. These sim-
ulations must take into account both 
small and large features over a broad 
frequency range (Figure 1). You must 
also select an appropriate simulation 
method, which can be either a time-
domain technique, such as FEM (fi-
nite-element method), or a frequen-
cy-based one, such as MOM (method 
of moments). For the largest problems, 
you need to break the simulations into 
subdomains or use asymptotic-solutions 
techniques. 

Once you have a powerful computer 
and the right software, you must place 
physical and electrical data into the 
software using database importation 
or by feeding in mechanical configu-
rations with Gerber and DXF (Draw-

ing Exchange Format) files and manu-
ally entering dielectric constants and 
board-stackup specifications. Finally, 
you must provide a stimulus to the soft-
ware, either with Spice or S-parameter 
data or with a near-field-simulation re-
sult from a previous simulation on a 
subsystem in the product.

SPICE VERSUS FIELD SOLVER
You cannot use Spice to simulate 

EMC because Spice is a matrix-math 
computational solver for Kirchhoff’s 
equations that uses lumped-element 
models of discrete components. At 
best, you can use Spice to model a lossy 
transmission line to define what hap-
pens to the signal, but it does not reveal 
which fields radiate into space. For this 
problem, you need a field-solver simula-

EM SIMULATION FOR EMC:

EDN100715_026   26 7/19/10   4:19:50 PM



JULY 15, 2010  |  EDN  27

EDN100715_027   27 7/19/10   4:20:06 PM



28  EDN  |  JULY 15, 2010

tion (Reference 2). A field solver uses 
finite elements, meshing, and iteration 
to solve Maxwell’s equations for your 
circuit design. EM-simulation software 
must account for the mechanical con-
figuration and the materials you use 
in the design (see sidebar “Computer 
power”). 

The highest frequencies you are try-
ing to simulate and the size of the cir-
cuit dictate the scope of the field-solver 
problems you will encounter. Wave-
lengths are 30m at 10 MHz, meaning 
that a 1-cm trace is much smaller than 
the wavelength (Figure 2). The soft-
ware would not have to mesh the trace 
into smaller sections to iterate toward 
a solution. The 30m wave acts almost 
uniformly on the 1-cm trace. 

Imagine a 10-GHz radar signal with a 
2-cm wavelength bouncing off a battle-
ship. The field-solver software must 

break the battleship into billions of tiny 
meshes, fitting 10 or even 100 into each 
square centimeter of the ship’s surface. 
The surface of a metal battleship is not 
purely reflective, so the software must 
do 3-D meshing and has even more ele-
ments to compute because it must also 
do the interior areas. The workstation 
that runs the software needs hundreds 
of gigabytes of memory to store inter-
mediate calculations for the meshes, 
and it would take months to solve for 

the fields over this large area. You can 
solve the memory problem by break-
ing the problem into domains and solv-
ing them iteratively, but that approach 
would take even longer.

When you test for EMC, small 
mechanical features result in big 

changes in performance. A 
slot in a cover, a misrout-
ed trace, or an aluminum 
heat sink on an IC pack-
age can all cause your 
product to fail EMC-radi-
ation testing. These me-
chanical features serve 
as antennas, so they also 

receive energy from their 
surroundings, giving your 

product poor electromagnetic 
immunity. The standards require 

compliance to frequencies of 960 MHz 
and beyond. For this reason, simulating 
for EMC is a broadband problem with 
heavy computational requirements. 
You must simulate for those frequen-
cies; thus, simulating a large system 
takes an unacceptably long time. The 

complexity of the problem is monstrous 
even for a rather simple product.  Also, 
multiple phenomena, including electri-
cal fields radiating from traces, magnet-
ic fields from inductors, and both types 
of fields radiating into and from cables, 
are responsible for EMI (electromag-
netic interference).

A typical EM-simulation strategy di-
vides the problem into pieces and de-
pends on both relative and absolute 
measurements. You need to know how 
customers will use the product, divide 
your EMC analysis into manageable 
pieces, and then evaluate those pieces 
as they relate to the whole problem. 
The principle of superposition can be 
a big help. It states that, for all linear 
systems, the net response at a given 
place and time that two or more stimuli 
cause is the sum of the responses that 
each stimulus individually would have 
caused. If three main contributors are 
affecting your EMI signature, you can 
individually simulate each one, with 
different techniques if necessary, and 
then add the results in an rms (root-
mean-square) fashion if they are not re-
lated. Sometimes, though, one system 
affects the other, and they do interact. 

Once you have simulated the PCB 
(printed-circuit board), you represent 
that simulation as a radiating mod-
el that you then plug into a larger as-
sembly. Even if you can use likely sig-
nals to simulate the radiation from your 
PCB, you may also have a few switch-
ing power supplies that have not only 
electric fields, but also magnetic ones. 
A case surrounds these components, 
and the cables from the product are an-
tennas that radiate energy to make you 
fail EMC testing and receive energy to 
make your circuit fail immunity tests. 
You may also have to decide how dis-
parate radiation patterns add up to a to-
tal emissions level. That decision may 
bring up the ugly reality of nonlinear 

AT A GLANCE
↘ EM (electromagnetic) simulation 

requires the use of powerful 

computers.

↘ Time- and frequency-domain 

techniques both find use in EM 

simulation.

↘ To perform EM simulation, you 

must import physical configurations 

and materials.

↘ Simulation requires multiple itera-

tions and techniques.

↘ EM simulation beats guessing 

about EMC (electromagnetic 

compatibility).

↘ Simulation is nonintuitive.

Figure 1 The EM pattern from a small 

antenna on a large ship exhibits the 

multiscale problem of an EM simulation  

(courtesy Feko).

TABLE 1 FINITE-ELEMENT AND TIME-DOMAIN TECHNIQUES

Frequency

Electrical length 

(wavelengths) FEM TD

MOM/ 

MLFMM Asymptotic

1 MHz 0.5 X X X

10 Mz 5 X X X

100 MHz 50 X X

1 GHz 500 X X

10 GHz 5000 X

Source: CST
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circuits, such as RF-power amplifiers 
that you drive into saturation to get 
good efficiency. Superposition tech-
niques don’t work in nonlinear systems 
and may cause you to underestimate 
the radiation from the circuitry.

SELECTING A TECHNIQUE
The mathematicians and software 

wizards who work at field-solver com-
panies have developed many methods 
to help you do EM simulations. You 
can use 2-D simulation programs, such 
as HyperLynx and SIwave (signal-in-
tegrity wave) to evaluate the EMC of 
a PCB. Fixing the signal- or power-in-
tegrity problems on the card often fixes 
your EMC problem, as well. You can 
use time-domain simulations for lower 
frequencies and smaller physical prob-
lems. The key benefit of the time-do-
main techniques is that they use GPU 
(graphics-processing-unit) cards, which 
speed up the math. 

James Stack, training, applications, 
and consulting manager at Remcom 
Technology Solutions, reports that add-
ing one GPU speeds solvers by a factor 
of 30 and stuffing your computer with 
four GPU cards can speed things up by 
a factor of 150. David Johns, vice pres-
ident of technical support and engi-
neering at CST (Computer Simulation 
Technology), reports that his compa-
ny’s time-domain solver runs problems 
12 times faster with a GPU.

Unfortunately, at higher frequencies, 
time-domain techniques are not the 
best way to solve for EM fields. FEM 
and time-domain field-solver tech-
niques work best for slower signals, 

while MOM and asymptotic solvers 
work for faster speeds and larger prob-
lems (Table 1). You are better off using 
a frequency-based solver in a PC work-
station with lots of memory and mul-
tiple CPU cores. Companies such as 
Feko and CST use MLFMM (multilev-
el-fast-multipole-method) techniques, 
which solve large problems with less 
computer power. As the problems be-
come large and must run at frequen-
cies greater than 10 GHz, you must use 
special solvers that can do asymptotic 
analysis, which solves for large sets. In 
some simulations, one physical domain 
affects another (see sidebar “Multiphys-

ics keeps tabs on your design”).
Some products, such as those from 

Cadence, Mentor Graphics, and Zuken, 
have tools to get electrical and physical 
information into the simulation soft-
ware. When you do your PCB design 
in these vendors’ tools, the vendors 
provide a complete representation of 
the PCB-layer stackup and material, al-
lowing their signal-integrity and field-
solver tools to use this data in their 
simulations. 

Also make sure that point tools can 
accept your PCB data. CST and Sigrity 
take databases from Cadence, Mentor, 
Zuken, and Altium, and these tools and 
many others accept ODB (open-data-
base)++ PCB fabrication to define the 
physical configuration and materials in 
PCBs. Full-wave-simulation vendors, 
such as SPEAG and 2Comu, are fa-
miliar with 3-D databases and can im-
port STEP (Standard for the Exchange 
of Product Model Data), IGES (Ini-
tial Graphics Exchange Specification), 
DXF, and other mechanical-solid-mod-
eling outputs (Figure 3). Once in the 
simulation program, the program mesh-
es the solids with algorithms appropri-
ate to the method.

Defining the mechanical shapes and 
dielectric constants of the physical de-
sign is only part of the EMC-analysis 
problem. When using a time-domain 
technique, you can just put the proper 

Figure 2 This battleship is meshed for a 10-MHz analysis. A 10-GHz analysis would 

have a 100-times-finer mesh (courtesy CST).

COMPUTER POWER
As you evaluate software packages to help you with EMC (electromag-
netic compatibility), be sure to ascertain which formats the packages 
import as physical models and which PCB (printed-circuit-board) pack-
ages they work with. Ask the vendors how the software represents 
stimulus functions and make sure that you can create those representa-
tions. Finally, buy the proper type of workstation. It should have multiple 
GPUs (graphics-processing units) if you have the time and the budget for 
time-domain simulations. If you are doing faster frequency-based solv-
ing, then you need multiple cores and multiple CPUs along with a large 
memory to store the intermediate results as the simulation progresses.

Modern computers can often solve—in hours—complex products, such 
as computer-sized systems. A key spec is how large a problem the com-
puter can solve overnight—a likely scenario. You spend the day setting 
up and designing the confi guration, and you then launch the fi eld solver 
before you go home. The next morning, you will be able to look at the 
solutions and decide on the next iteration of design changes and simu-
lations. Just remember that working on EMC problems is no place for 
departmental silos. The fi xes will be both mechanical and electrical, and 
the team working on EMC needs the authority to change anything that 
will solve the problem.
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time-domain waveforms on the ends 
of the traces. IBIS (I/O-buffer-infor-
mation specification), a time-domain 
look-up table of driver-pin waveforms, 
can describe the rise and fall of a signal 
on a pin. You also must define the data 
on the pin; a PBRS (pseudorandom 
binary sequence) is often adequate for 
representing the spectral content of the 
signal on a functional product.

You can use IBIS-AMI (algorithmic-
modeling interface) to define the pre-
emphasis circuits and equalizers in the 
chips you are using, but it does not de-
fine the actual waveforms that will ap-
pear when your product is running. 
Typically, you just use a PBRS into the 
IBIS-AMI blocks. Meanwhile, your de-
sign may have hundreds of traces that 
might interact (Figure 4).

S parameters are the best way to 
represent the spectral content for the 

sources of EM noise at high frequen-
cies. An S-parameter representation 
of a PCB block still does not give you 
the spectral content that the block 
will output unless you properly excite 
the block with signals typical of those 
that the product will use. Using EM 
simulations for EMC does give rise to 
a “chicken-or-egg” problem. Some-
times, the only thing that has the ad-
equate representation of the frequency 
spectrum being radiated is a working 
board inside a real case. In that situa-
tion, it may make no sense to simulate 
the problem when you can simply test 
it, but doing simulations is important. 
You must know where your simulations 
deviate from actual results, and doing 
a correlation between the simulations 
and real measurements allows you to 
improve your models, your meshing, 
or your technique. This approach may 

not save time for the product you are 
currently working on, but it can shave 
months or even years off the develop-
ment of the next one. Getting results 
from a Spice simulation that creates a 
near-field model that you then import 
to a 3-D solver is a good way to stay in 
control of your EMC problems.

TOOLS FOR EM SIMULATION
No single piece of software can do 

EMC analysis. You should assemble 
a suite of software tools to help battle 
your EMC demons. For example, board-
level tools can ensure that the signals 
go where you intend instead of radiat-
ing to space. All enterprise-class PCB 
companies have good field-solver tools 
to help with signal integrity (Refer-
ence 3). Mentor Graphics may be most 
well-known for its HyperLynx tool, but 
Cadence, Ansoft, and Zuken also have 
powerful tools that work on a PCB with 
hundreds or thousands of traces. SiSoft 
makes a signal-integrity tool similar to 
HyperLynx. Sigrity Systems offers its 
software as a point tool to plug into 
PCB flows. This tool finds how pow-
er-integrity problems and signal-integ-
rity problems relate to each other (see 
sidebar “SI and power integrity are also 
important”). Once you have a well-de-
signed PCB, you may then have to ap-
proach the problem as if you were an 
RF-board designer.

RF-design-software companies Agi-
lent ADS, AWR Microwave Office, 
Ansoft, Sonnet, CST, and dozens of 
others can help you deal with the va-
garies of EMC analysis. Most of these 
companies also offer plug-in software, 
such as the EMPro software in Agilent’s 
ADS, which performs EM modeling. 
These tools also account for metal box-
es and shields around the circuits and 
can evaluate the relationship between 
the electrical and mechanical aspects 
of your design—an inherent require-
ment of RF design. RF designers know 
that their circuits’ performance chang-
es after the cover is on. RF-design tools 
can model the cooling slots in the case 
and tell you the amount of radiation 
coming from them for a given frequen-
cy excitation.

Excitation constituting random 
fields pouring from your PCB as it op-
erates is a more intractable problem, 
but field-solver companies CST and 
Ansoft demonstrate how you can solve 

Figure 4 Crosstalk from the signals on the bottom traces of a PCB creates surface cur-

rents on the upper left (courtesy CST).

Figure 3 You can import physical components from mechanical CAD packages and 

use the solid models in EM simulations (courtesy SPEAG).
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it. You use time-domain simulations 
with real waveforms on multiple traces 
to do a simulation. You then capture a 
near-field representation of the radia-
tion from the PCB. At a short distance 
from a source, the electric and mag-
netic fields do not directly relate, as 
they do in a wave propagating through 
space. You then plug this near-field re-
sult into a full-wave solver that can cal-
culate the effects of your product’s case, 
cables, and other mechanical features 
(Figure 5).

SOFTWARE CAN’T THINK
Field-solver EM simulations do not 

provide an EMC panacea. Furthermore, 
they are not magical genies that can 
solve a design disaster. Field-solver ven-
dors stress that computer simulations 
are parts of the entire design process, 
not some tacked-on afterthoughts that 
you do as a penance when your prod-
uct fails FCC testing. You can’t expect 
a computer simulation to identify every 
area in which you may have to make 
improvements. However, if you use and 
understand the simulations of various 
parts of your design as it progresses, you 
will be in better shape when submit-
ting your product for FCC and CE test-
ing. In many cases, the most valuable 
thing that a computer simulation will 
do is teach you the nonintuitive be-
havior of EM fields in a complex prod-
uct. Playing with the configurations, 
materials, and shielding will help you 
understand what is going on, and you 
can design the product to comply with 
regulations.

With signal frequencies in the giga-
hertz, a finned heat sink on an FPGA 
acts as a phased-array antenna, radiat-
ing energy in your product. The cooling 
slots on the case are also phased anten-

nas. Even if you do not have the time 
or budget to do a full simulation of the 
electrical signals on the board radiating 
to a point 3m away, you can still use full-
wave simulations. A broadband simula-

Figure 5 Use a 2-D solver to calculate the near fields from a PCB. You can then use the 

near-field data as a source in a 3-D solver to yield EMC-performance data outside an 

enclosure (courtesy Ansoft).
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Figure 6 The flow for an EMC simulation can involve imports 

from 2-D solvers and PCB software, as well as direct input 

from the user.

MULTIPHYSICS KEEPS TABS ON YOUR DESIGN
With experience and deliberation, you can break up your 
EMC (electromagnetic-compatibility) analysis and use 
software at all points in the process to ensure you pass 
FCC (Federal Communications Commission) and CE 
(Conformité Européenne) testing. Remember, though, 
that surprises can always occur. The term “multiphys-
ics,” relating to the interactions of domains in simula-
tion, often comes up in EMC. For example, if the RF 
energy heats a material that exhibits a Curie point, then 
the simulation must account not only for the electrical 
behavior of the space around that material, but also the 
thermal effects on the material. It must then calculate 
the change in fi elds that the changes in the magnetic 
properties of the material cause.

A more common multiphysics problem occurs when 

slots in a product’s case affect both the thermal behav-
ior of the product and the amount of RF that exits the 
case. In these cases, mechanical engineers and electri-
cal engineers, respectively, debate using large openings 
in the case to decrease heat versus using no open-
ings to attenuate EMI (electromagnetic interference). 
Multiphysics-capable software from Ansys and Comsol, 
for example, can mediate these confl icting departmental 
desires. Letting the software simulate an optimum point 
for cooling that also provides some margin for EMC 
performance at least stops the bickering and lets the 
product design move forward. Again, the software can’t 
guarantee that you will pass FCC testing, but it can pro-
vide a compromise from which both groups can evaluate 
further work.
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tion of the heat sink tells you at which 
frequencies the sink resonates and the 
spatial pattern of the resonance. You 
can also do a broadband excitation of 
the slotted case. If the frequencies and 
locations of the heat-sink resonance 
align with the resonance of the case, 
those frequencies will cause trouble. 
The fix may be as simple as rotating the 
heat sink 90° or changing the spacing of 

the fins, the slots on the case, or both.
Field-solver programs have steep 

learning curves, especially for engi-
neers unfamiliar with 3-D simulations 
(Figure 6). Once you understand the 
software, you must learn how to import 
your physical configurations and elec-
trical stimuli. It may seem like an un-
ending task, but once you get a simu-
lation to accurately predict the EMC 
performance of your product, you will 
see the attraction of using simulations 
(Figure 7). They allow you to evalu-
ate things in hours instead of months. 
They don’t guarantee that your prod-
uct will pass radiation and immunity 
tests, but they give you a big head start 
over companies that simply use “cut-

and-try” methods to get their products 
through FCC and CE approvals. You do 
testing at the end of the product cycle, 
when whether you ship the product de-
termines your company’s fortunes. 

Smart engineers use software simu-
lations to evaluate EMC in the early 
phase of the design cycle, moving the 
risky EMC problems away from the 
critical product-release phase. They 
still need to make design and schedule 
changes but have enough time to effi-
ciently solve the problem without de-
laying the product’s introduction.EDN
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Figure 7 When your EMC simulations correlate with the real world, you can speed up 

and eliminate risk from product development (courtesy Remcom).
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SI AND POWER 
INTEGRITY ARE 
ALSO IMPORTANT
Field solvers are useful for evalu-
ating the SI (signal integrity) of 
your circuits. Solvers can also 
help with the related problem 
of power integrity on your PCBs 
(printed-circuit boards). These 
problems are related to EMC 
(electromagnetic compatibility) 
because solving SI and power-
integrity problems often solves 
radiation and susceptibility prob-
lems, as well.

Lawrence Williams, director of 
product-management groups at 
Ansoft, says that SI, power integ-
rity, and EMC reside under a com-
mon “product-integrity” umbrella. 
You can often use a simpler 2-D 
solver to help you design a PCB 
with good signal integrity. EMC 
is a 3-D, full-wave fi eld-solver 
problem, but, if you optimize the 
signal and power integrity on the 
board, it radiates less.

More than a decade ago, Men-
tor Graphics’ HyperLynx tool 
predicted the performance on 
FCC (Federal Communications 
Commission) tests of a com-
plex PCB. Since then, Mentor 
Graphics has acquired—and is 
adding to HyperLnyx—3-D fi eld-
solver software from Zeeland. 
This approach will help solve for 
vias and connector stubs that 
carry signals that are faster than 
6 GHz. At that speed, even PCBs 
need 3-D solvers. Just as signal 
integrity relates to EMC, reduc-
ing radiation often also reduces 
immunity problems.

tion
freq
spa
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h
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Design quality and its impact 
on design closure
STEPS TO ENSURE QUALITY EARLY IN THE DESIGN CAN SPEED 

CLOSURE AND AVOID FAILED SILICON.

T
he cost of SOC (system-on-chip) design con-
tinues to skyrocket, market windows continue 
to shrink, and design complexity continues to 
grow exponentially. These challenges are only 
a few of those that SOC designers face. In an 
effort to prevent major disasters, designers must 

ensure that the SOCs achieve design closure, which includes 
meeting certain key objectives, such as performance, power, 
and area. Design-closure objectives are often in conflict with 
each other, however. Designers must constantly trade off one 
for the other to ensure that the design stays within the end-
user application’s requirements.

A typical SOC design starts with an 
RTL (register-transfer-level) descrip-
tion to capture user intent and a set of 
design constraints to drive implementa-
tion. The design team first verifies the 
RTL for correctness of functional intent 
through simulation and formal verifi-
cation. The design then goes through 
a series of implementation steps, in-
cluding synthesis and placement and 
routing, which eventually result in a 
GDSII (Graphic Design System 2) lay-
out for silicon manufacturing. The qual-
ity of incoming design and the associat-
ed constraints have a large impact on 
the designers’ ability to reach closure. 
However, you can ease this process by 
using a series of design-quality meas-
ures starting at RTL and continuing 
throughout implementation, focusing 
on quality measures at the five stages 
during an integrated RTL-to-GDSII 
implementation flow (Figure 1). You 
can expand the concept to other stages 
of implementation or adapt it to other 
flows, including presynthesis-RTL qual-
ity; postsynthesis, postscan-netlist qual-
ity; post-timing-netlist quality; post-
placement-netlist quality; or postroute-
netlist quality.

PRESYNTHESIS-RTL QUALITY
SOC designs that don’t start well 

will usually fail to reach closure. Qual-

ity measures at the RTL stage of design go a long way to-
ward determining successful design closure and working sili-
con. Once you synthesize the design, you are to a large extent 
freezing the design intent, and you have limited flexibility for 
correcting design-quality issues inherent in RTL.

Modern SOC designs typically cater to multiple end 
markets to amortize the high cost of design. The same de-
sign can have multiple variations and live on for multiple 
generations through updates and upgrades. This scenario is 
prevalent in consumer electronics and automotive chips, 
in which manufacturers accomplish 80% or more of the de-
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Figure 1 A typical SOC implementation flow should include quality steps.
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sign through reuse. Future gen-
erations may reuse the RTL you 
create for the current design and 
therefore it could have a longer 
shelf life than the current design. 
You must also consider commer-
cial third-party IP (intellectu-
al property), such as processors, 
digital-signal-processing blocks, 
and bus fabrics, and interface IP, 
including Ethernet, USB (Uni-
versal Serial Bus), and PCI (Peri-
pheral Component Interconnect). The SOC team typically 
receives this IP in RTL.

For these reasons, you must ensure the quality of the RTL 
and constraints going into synthesis. Design teams often fo-
cus on functional correctness using simulation and formal 
verification, but spending some effort on implementation 
feasibility and the overall quality of RTL can go a long way 
toward accelerating design closure. Design teams can achieve 
such quality measures through a set of analyses on the RTL 
and design constraints. 

STRUCTURAL AND CONNECTIVITY INTEGRITY
RTL linting can weed out syntax and semantic issues and 

ensure compliance with coding standards. RTL designers 
should, however, address more serious structural and connec-
tivity issues at this early stage. If left undetected, they may 
later lead to more serious design-closure issues. Examples of 
these issues include excessive levels of logic between flip-
flops (Figure 2), combinational loops, unintentional latches, 

blocking assignment in sequential 
blocks, variables or nonconstants 
in the terminating condition of 
a loop, missing asynchronous re-
sets from a sensitivity list, multi-
ply-driven nets without a tristate, 
undriven nets and ports, and mis-
matching between the left- and 
the right-hand sides of an assign-
ment. Although you may be able 
to detect and fix some or all of 
these issues during synthesis or 

later stages of implementation, it is more efficient to fix them 
before putting any effort into implementation.

CLOCKS AND RESETS
A typical SOC contains heterogeneous IP from different 

sources. As a result, the number of asynchronous clock domains 
on a chip has increased dramatically. It is possible for one chip to 
have 20 or more clock domains. You must ensure that clocks and 
resets are properly designed. When data signals cross between 
asynchronous clock domains, you must synchronize them to pre-
vent metastability (Figure 3). Clock synchronizers can range from 
multiple-flip-flop synchronizers to more exotic schemes, such as 
FIFO (first-in/first-out) buffers with handshaking. It is impor-
tant to prevent the data loss and reconvergence of synchronized 
signals to ensure reliable behavior. You must synchronize de-
asserted resets, even if they are asynchronous, with the clock 
domain.

You should ensure not only that synchronizers are in place 
on crossings but also that you’ve correctly implemented the 
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Figure 2 Excessive levels of logic between flip-flops 

are potential timing-closure problems.
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protocol. For example, a FIFO should have no overflow or un-
derflow, and you must implement proper sequencing between 
requests and acknowledgments in a handshaking scheme. 
Functional simulation may not detect clock-domain-crossing 
bugs unless verification engineers create dedicated testbench 
scenarios for each crossing, a daunting task for designs that 
have thousands of such crossings. You must employ structur-
al-analysis and formal-verification techniques to exhaustive-
ly analyze and verify clock-domain crossings.

POWER REDUCTION
Power has come to the forefront of design-closure con-

cerns for a variety of reasons, including battery life, cooling 
costs, reliability, and energy efficiency. Studies show that the 
determination of more than 80% of the power of a design 
happens by the time it enters synthesis. For that reason, you 
must address power management early in the design flow, 
using architectural techniques, such as multiple voltage do-
mains, power domains, and dynamic-voltage-frequency scal-
ing, and RTL techniques, such as clock and data gating. De-
signers must start with an estimate of the power consumption 
of the design and selectively apply these techniques based on 
power targets for the design.

Voltage and power domains add new challenges for design 
closure. In voltage domains, it is important to insert level 
shifters wherever signals cross from one voltage domain to 
another. Similarly, you must place isolation cells in power 
domains that can be shut off when not in use to ensure that 
unpowered outputs are not floating. These floating signals 
could introduce a functional error or a high-leakage path to 
ground. You must also ensure that the enable logic for isola-
tion cells is in an always-on domain. Some designers insert 
level shifters and isolation logic at RTL, and others capture 
the power intent in CPF (Common Power Format) or UPF 
(Unified Power Format) for automatic insertion by down-
stream implementation tools. In either case, designers must 
ensure that the design has level shifters and isolation-logic 
cells at each such crossing.

With judicious use, clock gating can be an effective power-
reduction technique. Most synthesis tools can automatically 
insert gating based on clock enables in the RTL. However, 
not all clock gates save power, especially in the case of reg-
isters, such as flip-flops, that are almost always enabled or if 
the design has only a few gated registers. In such cases, the 

additional gating logic can consume more power than the 
power you save by gating the clock. Excessive clock gating 
can lead to timing-closure issues and contribute to routing 
congestion. You should instead selectively apply clock gating 
in places in which it has the most impact on power. 

RTL analysis for clock gating can help in a number of ways. 
At RTL, you can identify global clock-gating signals, which 
can gate clocks for an entire design or for large register banks. 
A review at RTL can also analyze and prioritize explicit clock 
enables. RTL designers define these enables for their power-
saving potential and help remove those that save little or no 
power. Power-management designers can also identify new or 
implicit clock-gating opportunities that RTL designers may 
have overlooked. In addition, power-management specialists 
can also generate directives for synthesis to intelligently gate 
clocks.

Various clock-gating opportunities are available to RTL 
designers (Figure 4). Power designers can do similar analy-
sis to identify data-gating opportunities, in which a cloud of 
combinational logic drives an enabled register. Gating the 
combinational logic using the same enable that you apply to 
the terminal register eliminates wasted power resulting from 

toggles in the combinational logic when the register is dis-
abled. For example, an N-bit multiplier, with the input data 
bits arriving at different times, is a candidate for data gat-
ing. The multiplier continues to multiply even though the 
results remain unused until all the bits of both data inputs 
have arrived. Data gating can be an effective technique for 
such datapath-intensive designs that digital-signal processing 
commonly uses. 

DESIGN FOR TEST
Designs must have high test coverage, both for stuck-at- 

and at-speed-fault modes, especially in consumer electronics, 
which must quickly reach silicon volume with few defects. 
Traditionally, design teams stitch scan chains during synthesis 
or later stages and test coverage and then estimate test cover-
age using ATPG (automatic-test-pattern-generation) tools. 
However, most testability issues are detectable and correct-
able at RTL, so the design will eventually meet test-cover-
age goals.

For example, the key to high stuck-at-fault coverage is to 
make sure that the design is fully controllable and observable 
in scan mode. However, high stuck-at-fault coverage in RTL 
encounters many barriers, including nonscannable flip-flops 
whose inputs are unobservable and whose outputs are uncon-
trollable. Designs that internally generate control signals, 
such as clock or asynchronous set/clear, are the most com-
mon causes of this situation. Nontransparent latches are oth-

GLOBAL 
CLOCK GATING

EXPLICIT
CLOCK GATING

IMPLICIT 
CLOCK GATING

CLOCK 

ENABLE A 

ENABLE B
ENABLE C

Figure 4 Various clock-gating opportunities are available.

YOU MUST ADDRESS POWER 
MANAGEMENT EARLY IN THE 
DESIGN FLOW, USING ARCHI-
TECTURAL TECHNIQUES AND RTL 
TECHNIQUES.
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Avago SoC Brings Single Package  
Bluetooth 2.1 and Laser Tracking to  
Wireless Mice  

Introduction
Avago Technologies’ new ADNS-7630 is a fully integrated, 
feature-rich Bluetooth® (BT2.1) System-on-Chip (SoC) 
LaserStream™ navigation sensor for wireless mouse 
applications. It is the first laser navigation sensor to integrate 
a BT 2.1 transceiver, stand-alone baseband processor 
and VCSEL laser surface illuminator into a single package 
resulting in longer battery life – more than six months using 
two AA batteries 

The BT2.1 protocol ensures fast and secure connectivity 
when used on Bluetooth-enabled laptops, netbooks and 
desktops. Avago LaserStream™ technology is best known 
for its excellent tracking on virtually all surfaces—a very 
important marketing feature that is attractive to both 
mobile users and gaming enthusiasts. As shown in Figure 1, 
the ADNS 7630 combines the latest Bluetooth technology 
with Avago’s optical navigation technology for fast, flexible 

and convenient mouse design and manufacturing. 

Figure 1:  ADNS-7630 implementation of a Bluetooth 2.1 mouse

Value-added Integration – Agility, Flexibility and Easy 
Design
The ADNS-7630 contains an Image Acquisition System (IAS), 
a Digital Signal Processor (DSP), and Bluetooth HID stream 
output. Images acquired by the IAS are processed by the 
DSP to determine the direction and distance of motion.  The 
DSP generates the Δx and Δy relative displacement values 
which are then converted to Bluetooth HID data for wireless 
transmission to the Bluetooth host. All these processes are 
automatically executed by the ADNS-7630 without the 
mouse manufacturer being involved with source code or 
firmware.

Avago’s SoC BT 2.1 navigation engine is the first mouse 
sensor that has a fully synchronized BT 2.1 navigation core 

and baseband circuitry. Timing of the sensor measurements 
and transmission by the radio have been optimized in order 
to minimize interference. In addition, VCSEL laser diode 
illumination is also included in the same package. 

Avago’s free configuration software will configure various 
settings like Bluetooth Device address, numeric Product 
Identifier, Vendor Identification, I/O buttons, LED indicator, 
low power management and others. All the settings are 
stored in an external 128 kbit EEPROM. The software and 
easy EEPROM programming allows a mouse manufacturer 
to produce many different mouse models for different users 
and geographic markets from one basic ADNS-7630 design. 

Mouse Performance and Battery Life 
The ADNS-7630 SoC combines Avago’s BT 2.1 LaserStream 
sensor and 100 percent synch capability to allow 
manufacturers to design feature-rich mice with very long 
battery life. With integration between the optical sensor, 
baseband and radio, mouse manufacturers no longer need 
to worry about firmware debugging and technical support 
from various parties. 

For a typical Bluetooth mouse user, besides reliable 
Bluetooth connectivity, two other important factors are 
battery life and wake up latency. A good Bluetooth mouse 
design is able to strike a balance between these two. The 
ADNS-7630 design is so flexible that it allows the mouse 
manufacturer to take charge of their power management 
strategy by selecting how many sniff modes are supported 
and by defining each sniff mode in terms of slots and 
duration. The longer each sniff interval, the better the battery 
life, but at the expense of wake up time. By enabling sleep 
mode (similar to disconnect), battery life can be optimized 
but a longer wake time should be expected, however, most 
Bluetooth mouse users will find this acceptable. To fully 
maximize battery life, a manufacturer can also program the 
mouse to resume connection only through a mouse button 
click and not through mouse movement. 

Battery life indication is a special feature embedded in 
the ADNS-7630 to eliminate surprises for the end user. For 
example, a mouse manufacturer can program the low-
battery indicator to blink when the battery level is under 
2.2 V and to shutdown the mouse when the battery level 
is lower than 2.0 V. Since a blinking LED will drain power 
more rapidly the duty cycle, duration and interval of the LED 
indicator is programmable too. 

In general, a design based on Avago’s ADNS-7630 will 
produce a mouse that operates for more than 6 months 
when powered from 2 AA batteries. 
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ADNS-7630 LaserStream™ Navigation Sensor and  
Eye Safety
ADNS-7630 based mice feature up to 30 inches per second 
(ips) high-speed motion detection and 8 g acceleration 
detection. In addition, laser power is pre-calibrated to meet 
IEC/EN60825-1 Class 1 Eye Safety standards.  Laser power 
calibration is not required at the mouse manufacturer’s site, 
greatly reducing assembly time and design cost. As shown in 
Figure 2, the ADNS-7630 will also shut off the laser whenever 
a fault is detected, assuring eye safety during the product 
life cycle.

Figure 2: ADNS-7630 single fault detection and eye safety feature 
block diagram

Wide Feature Set and Programmability Expand 
Marketing Options 
Avago’s ADNS-7630 design carefully considered the needs of 
mouse manufacturers and markets by supporting multiple I/
Os which can be configured as buttons and LED indicators. 
Each button can be programmed to have several functions 
dependent on single-clicks double-click, or long pressed. 
Button functions include KeyMap(KM) for keyboard shortcut 
keys, media buttons supporting audio control, and mouse 
resolution increase/decrease/rotate features. Up to ten input 
buttons are supported. The ADNS-7630 also supports both 
mechanical and optical z-wheel, and tilt-wheel functions. 

For mouse manufacturers who choose to use accept all 
the default settings provided by Avago, only a few mouse 
settings need to be set before shipment to the final end 
customers. As an example, SDP Service Name, Service 
Description, Provider Name, VID, PID and Bluetooth Address 
are typical settings manufacturers program into their mice. 

Bluetooth BQE Test and Compatibility Issue 
The Bluetooth SIG Qualification Enforcement Program is 
required for every commercial product using Bluetooth 
wireless technology and is a prerequisite for using the 
Bluetooth word mark and logos. Avago Technologies has 
worked with a Bluetooth Quality Expert (BQE) to ensure that 
ADNS-7630-enabled mice and our IC designs are qualified 
and interoperate with other Bluetooth enabled products on 

the market. Mice designed with the ADNS-7630 SoC sensor 
were also sent to an Independent Test Lab for Bluetooth 
Mouse testing and compatibility testing with a variety of 
peripherals and/or systems. 

The ADNS-7630 has passed all the necessary tests, even 
under extreme voltage ranges (2.7 V and 3.3 V) and extreme 
temperatures, so as to assure interoperability with other 
Bluetooth compliant products and systems. 

ADNK-7633 Reference Mouse Design Kit
Avago offers a reference design kit, Figure 3, to qualified 
mouse designers. It includes samples, lenses, documentation, 
schematic, Gerber files, IGES for 3D assembly, a base plate, 
LaserStream mouse, EEPROM configuration programming 
tool and the A7630 production software tool.

Figure 3: ADNS-7633 mouse design kit

Summary
The ADNS-7630 is the first BT 2.1 laser mouse SoC to be 
introduced. Key features are:

 – Bluetooth 1.1/2.1 baseband DSP and transceiver  

 – VCSEL LaserStream technology

increments

 – Two AA cells

 – Long battery life: Over 6 months

 – Class 1 eye safety  

any button

Additional information on the ADNS-7630 can be found at 
www.avagotech.com.
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er major issues in that their inputs are unobservable and their 
outputs are uncontrollable. Large memories and analog- and 
mixed-signal blocks similarly suffer from inputs that are un-
observable and outputs that are uncontrollable. The enable 
pins of tristates are unobservable. Combinational feedback 
loops also restrict testability, and test-mode values in capture 
mode may restrict controllability.

Despite efforts from RTL designers, some parts of the design 
may still not be observable and controllable and may require 
the insertion of additional test points. Test-coverage analysis 
at RTL can help detect where to place additional test points 
and their resulting impact on test coverage. For example, in 
one design, adding 12 test points increased the test coverage 
from less than 94% to more than 98% (Figure 5). It is easier 
to add test points in RTL when you fully comprehend the de-
sign’s intent than in the later stages of implementation.

In deep-submicron designs—those at the 90-nm and 
smaller nodes—designers worry about transition faults that 
can occur at normal clock speed. Stuck-at-fault testing, 
which typically uses a slow test clock, does not detect transi-
tion faults. Designers must perform at-speed testing in which 
system clocks multiplex the test clocks. This step adds a level 
of complexity for timing closure. At-speed testing also intro-
duces functional closure challenges, such as those that occur 
when asynchronous clock domains share the same test clock, 
which could affect the at-speed test coverage. It is therefore 
critical to estimate at-speed test coverage at RTL and fix po-
tential functional and timing-closure issues.

DFT (design for test) poses a unique challenge for IP reuse. 
IP that meets test-coverage goals in a previous design could 
fall short in the current design. For example, if some inputs of 
the IP are tied to constants in the current design, parts of the 
IP may become uncontrollable. This issue could affect the 
test coverage of the SOC. Hence, you must perform test-cov-
erage analysis at both the block/IP level and the SOC level. 

DESIGN CONSTRAINTS
Design constraints are a critical part of the design intent. 

They capture the designer’s requirements on the perfor-
mance, power, and area from implementation. The quality of 
constraints is just as critical as the quality of RTL in synthe-
sis. At this early stage, designers usually manually define con-
straints for clock frequencies, input and output delays, modes 
of operation, and exceptions—false and multicycle paths. 

Because this step is the starting point for implementation, 
the completeness and correctness of constraints are critical 
in meeting design closure. 

You might catch some constraint issues during synthesis 
if you carefully examine the synthesis transcript. You might 
find, for example, missing-clock or -mode constraints when 
the design is using a multiplexed clock (Figure 6). Other 
constraints may occur when input and output delays refer-
ence an incorrect clock, multiple mode constraints tie the 
same node to conflicting constant values, or timing excep-
tions are missed on asynchronous clock-domain crossings.

However, synthesis or static-timing analysis may not catch 
more serious issues in design constraints. These issues typi-
cally involve constraints that are simply assertions to the 
synthesis and static-timing analysis; they thus remain unde-
tected. You may not catch such issues until final chip inte-
gration or, worse yet, in silicon.

For example, a generated clock does not derive from the 
declared source clock, and the 
waveform for a generated clock 
differs from the implied wave-
form, depending on the pres-
ence and location of invert-
ers in clock-divider circuits. 
Other examples include miss-
ing clock latency or uncer-
tainty, missing delay constraints on primary inputs or out-
puts, block-level constraints that are more relaxed than the 
chip-level requirements, incorrect or insufficient timing bud-
get along a snaking path, or an incorrect multiplier for multi-
cycle paths.

Analysis of design constraints in RTL design can help 
avoid these issues. Designers can exploit this analysis to gen-
erate the clock, input, and output constraints in a correct-by-
construction way, thereby eliminating many overlooked bugs. 
For instance, you can use clock-domain-crossing analysis and 
knowledge of asynchronous control signals to generate tim-
ing exceptions. At RTL, you can address inconsistencies be-
tween block- and chip-level constraints by comparing the sets 
of constraints in the context of the complete RTL design.

POSTSCAN-NETLIST QUALITY
At the postsynthesis stage, the design has gone through 

logic synthesis, resource sharing, Boolean optimization, and 
scan-chain insertion. Assuming that RTL and constraints in 

CLOCK

ENABLE MUST BE SET TO ONE

FF1 FF20

1

Figure 6 This situation requires a mode constraint to propagate 

the clock.
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Figure 5 A few additional test points can significantly increase 

test coverage.
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synthesis are high-quality, the resulting netlist should be in 
good shape. However, a lot has changed in the design, and 
constraints may also have changed. You can take some meas-
ures to ensure quality at the postsynthesis, postscan netlist 
and constraints.

At this stage, the design may contain power and voltage 
domains to manage power consumption. You now must per-
form an exhaustive verification of these domains to ensure 
proper insertion of level shifters and isolation logic. Even 
if you inserted these level shifters and isolation logic before 
synthesis or scan-chain insertion, the design may still need 
updates. In one such example, an isolation cell is missing in 
the scan path because DFT designers inserted the scan logic 
after the implementation of power domains (Figure 7). Add-
ing the isolation cell in the scan path fixes a potential func-
tional bug or a high-leakage path to ground.

Such power-domain bugs also commonly occur when de-
signers forget the required “don’t-touch” constraints in the 
synthesis script. This omission can cause buffer optimization 
during synthesis, which removes level shifters or isolation-
logic cells.

SOC designs are now so large and complex that imple-
mentation may need to be hierarchical. Designers typically 
perform synthesis at the block level, and chip integration oc-
curs at the netlist level. In such scenarios, you must merge 
block-level-synthesis constraints into chip-level constraints. 
Manually merging constraints can be error-prone and could 
lead to an incorrect set of chip-level constraints for later tim-
ing closure. You could at this stage apply constraint consis-
tency and correctness checks. You can automatically merge 
constraints by using block-level constraints and the full-chip 
netlist to prevent bugs. 

If constraints have changed at this stage, it is important to 
establish equivalence with the original constraints for syn-
thesis. Just as you can perform logic-equivalence checking 
for design stages from RTL to netlist, you can now establish 
equivalence between RTL and netlist constraints. Designers 
can ensure the integrity of design constraints and eventual 
design closure by adopting constraints equivalence in their 
flow. 

If the implementation flow is hierarchical, you might want 
to stitch together chip-level test logic at the netlist level. In 
such scenarios, ensure that the global test clocks and test-

mode signals propagate to individual blocks. You should per-
form quality checks to ensure that required values propagate 
to pins on subblocks when they specify a driving condition at 
a primary input or an internal node of the chip. Similarly, de-
signers can benefit from connectivity checks to ensure that 
a path exists between two user-specified nodes in the design 
with an optional sensitization condition (Figure 8). For ex-
ample, imagine that Pin A in Block 1 does not connect to a 
primary output and that Pin B in Block 2 is observable. By 
establishing a path between Pin A and Pin B, you can now 
ensure that Pin A is observable.

POST-TIMING-NETLIST QUALITY
At the post-timing stage, you must ensure that the design 

meets timing requirements and starts analyzing timing viola-
tions from static-timing analysis. This stage is another criti-
cal one. Timing closure can be a challenge if the design is 
overconstrained or incorrectly constrained. Other causes of 

problems could be structural defects, such as combinational 
loops, excessive levels of logic, or unregistered outputs from 
blocks or IP, all of which you should have detected at earlier 
stages of design.

Timing exceptions fall into two broad categories: false 
paths and multicycle paths. False paths between two registers 
are those you cannot sensitize in the design or are otherwise 
irrelevant for timing closure. Multicycle paths, on the other 
hand, are possible but take multiple clock cycles to complete. 
Unless you identify the false and multicycle paths in the de-
sign constraints, static-timing-analysis tools assume that all 
paths are possible and single-cycle. 

VERIFY THAT A TOPOLOGICAL PATH
EXISTS BETWEEN PIN A AND PIN B

BLOCK 2

PIN B

COMBINATIONAL OR
SEQUENTIAL LOGIC

BLOCK 1

PIN A

Figure 8 When you assemble IP at the netlist level, it’s best to 

do connectivity checks between user-defined nodes.

ENABLE
0

0

0

0

0

0

X

ALWAYS-ON DOMAIN

D Q

SO
SI

POWER-
OFF

DOMAIN

(a)

ENABLE
0

ALWAYS-ON DOMAIN

MISSING 
ISOLATION CELL
IN SCAN PATH

ISOLATION
CELL INSERTED

D Q

SO
SI

POWER-
OFF

DOMAIN

(b)

Figure 7 A power-domain bug in the scan path occurs (a), and 

you can repair it using another approach (b).

POWER-DOMAIN BUGS COM-
MONLY OCCUR WHEN DESIGNERS 
FORGET THE REQUIRED “DON’T-
TOUCH” CONSTRAINTS IN THE 
SYNTHESIS SCRIPT.  THIS OMISSION 
CAN CAUSE BUFFER OPTIMIZA-
TION DURING SYNTHESIS.
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An incorrect timing exception can lead to a critical tim-
ing failure in silicon. On the other hand, every timing excep-
tion that remains unidentified is unnecessary and represents 
a wasteful timing-closure burden. It is therefore a fine bal-
ancing act to find just the right timing exceptions. You must 
at least formally verify all timing exceptions in use to ensure 
their validity. 

Another step that could accelerate timing closure is to 
look for additional timing exceptions, especially in those 
paths that are violating timing. You should formally verify 
every such path as a possible false- or multicycle-path candi-
date; if it is false or multicycle, you should add it to the list 
of timing exceptions for static-timing analysis. Consider the 
results of timing analysis on two timing-critical blocks from a 
multimedia design (Table 1). The timing results dramatical-
ly improve when you identify additional timing exceptions 
from paths that initially failed to meet timing. The impact 
on gate count and, hence, area is minimal.

POSTPLACEMENT-NETLIST ANALYSIS
By the postplacement-analysis stage, the design has en-

tered physical implementation and has undergone physical 
synthesis, placement, and clock-tree synthesis. You should 
repeat quality measures on the now fully placed netlist. You 
now have a more accurate assessment of the power, area, tim-
ing, and test coverage, and you can compare this estimate 
with the estimated results from RTL to identify blocks that 
may have deviated. 

You can at this stage perform additional netlist-quality 
checks, such as floating pins or nets; clock, select, enable, 
or reset pins that tie to constants; unused or disabled cells; 
undriven or multiply-driven nets in the netlist; overloaded 
cells; underloaded cells, wasting area and power; pins con-
nected to specific nets, such as tristate, clocks, and resets; 
scan-chain nets with more than the maximum number of 
elements; and high-leakage or snake paths. You should also 
check that pins connecting to the same net are of the same 
connectivity class.

Before clock-tree synthesis and before a clock network ex-
ists, you should specify, in the design constraints, the values 
the tools should assume for clock latency and clock slew rate. 
However, assuming that you’ve inserted the clock tree by this 
stage of the design, it is time to compute and apply the delays 
and slew. At this time, you must also update and verify de-
sign constraints for two critical areas. First, replace assumed 

transition times on individual flip-flops 
with transition times only on the pri-
mary inputs to the design. Second, set 
clock delays to propagated, rather than 
to a user-defined network latency on 
clocks.

POSTROUTE-NETLIST ANALYSIS
Postroute-netlist analysis represents 

the home stretch for design implemen-
tation, yet design teams spend a lot of 
time and effort at this stage to close 
timing, signal integrity, manufactur-
ability, power integrity, and a host of 
physical effects. Assuming that you’ve 

followed the quality measures in earlier stages, the design and 
constraints should be fairly high quality, and you should fo-
cus on these physical effects. In addition, you should place 
significant effort in layout and physical verification, tackling 
process variability and other manufacturing issues. This stage 
also encompasses final sign-off on power, timing, testability, 
and die size; hence, it is best to repeat the quality measures 
from earlier steps as part of the final sign-off.

In short, the quality of a design and its associated con-
straints have a large impact on design closure. You can, how-
ever, take a series of quality measures to improve the chanc-
es of design closure. It is also important that you take most 
of these measures at the early stages of design, especially at 
RTL, at which point you best comprehend the user’s intent. 
The later in the implementation flow that you address de-
sign quality, the less impact it is likely to have on design 
closure. If you get design goals and quality objectives right 
from the start, it is only a matter of staying the course during 
implementation.EDN
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TABLE 1 IMPACTS ON TIMING CLOSURE

Design

No. of 

false paths

Worst 

negative 

slack (nsec)

Total 

negative 

slack (nsec)

No. of 

instances

Block 1 None −5.462 −16.37 118,426

With additional 

false paths

595 −4.073 −13.829 119,162

Impact −24.4% −15.5% 0.6%

Block 2 None −6.019 −11.522 77,064

With additonal 

false paths

1242 −2.227 −6.39 77,166

Impact −63% −44.5% 0.1%
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READERS SOLVE DESIGN PROBLEMS

EDITED BY MARTIN ROWE
AND FRAN GRANVILLE

designideas

   ↘
A classical design for directly 
driving eight seven-segment LED 

displays requires as many as 15 I/O lines. 
Previous Design Ideas have described 
many approaches for using a maximum 
number of LEDs with a minimum num-
ber of I/O lines (references 1 through 
5). The following idea reuses one of 
these approaches to drive a maximum 
number of seven-segment LED displays, 
and it may be useful in designing a low-
component-count, low-power, and low-
cost LED-display module for a 24-bit fre-
quency meter, for example.

You can use the circuit in Figure 1 to 
replace classical designs for digital coun-
ters that use TTL (transistor-transistor 
logic) or CMOS ICs. The single micro-
controller is less expensive and readily 

available. By using conditional assembly 
in your programming, you can choose 
 between common-anode and common-
cathode configurations.

The algorithm uses double multiplex-
ing, driving one digit at a time, segment 
by segment. This technique suits battery-
powered designs because the circuit con-
sumes a constant current of less than 2 
mA when using superbright, seven-seg-
ment LED displays, such as KingBright’s 
(www.kingbright.com) SC52-11EWA, 
and 270Ω resistors R0 to R7. Assembling 
the eight digits, DS7, DS6, DS5, DS4, DS3, 
DS2, DS1, and DS0, on a PCB (printed-
circuit board) involves linking their cor-
responding pins A7, B6, C5, D4, E3, F2, 
G1, and CA0 to the I/O line, RB0. Figure 
1 shows the connections.

This circuit uses the Microchip (www.
microchip.com) PIC16F628A for test 
purposes. You can download assembly 
code at www.edn.com/100715dia and 
use it with any PICmicro midrange fam-
ily, providing that a full 8-bit port is 
available.EDN

DIs Inside
44 Count objects 
as they pass by

46 Modified DDS functions 
as baud-rate generator

48 DC-voltage doubler reaches 
96% power efficiency

49 Microcontroller’s serial port 
measures pulse width

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

Eight-digit counter works with 
common anode or common cathode
Charaf Laissoub, Valeo Interior Controls, Créteil, France 

NOTE: CHOOSE EIGHT COMMON-ANODE OR EIGHT COMMON-CATHODE, SEVEN-SEGMENT LED DISPLAYS AND UNCOMMENT 
ONE OF THESE TWO LINES IN THE INCLUDE FILE: “8dgtcacc.inc” #define use CAdisplay IF USING COMMON-ANODE, 
SEVEN-SEGMENT, DISPLAY OR #define use CCdisplay IF USING COMMON-CATHODE,SEVEN-SEGMENT DISPLAY. 
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Figure 1 This circuit can replace classical designs for digital counters that use TTL or CMOS ICs.
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↘
Counting objects is easy when 
the objects have regular motion, 

but it becomes more difficult when the 
objects vibrate or you have to manually 
move them. To deal with this problem, 
you need a reliable, error-free system of 
detecting an object. In this case, simple 
circuits with optical interruption switch-
es, IR barriers, or other sensors don’t 
work because objects may  cross a sensor 
more than once.

The circuit in Figure 1  solves this 

problem for objects such as cards, boxes, 
and even people. You can detect other 
objects if you use the proper sensors. The 
circuit produces two control pulses. One, 
OUT1, occurs if any object runs through 
this system. It produces another pulse, 
OUT4, only if an identified object passes 
through the system. These pulses let you 
count both the number of objects and 
the identified objects that pass through 
the system. The system doesn’t produce 
counting errors if objects repeatedly cross   

each sensor, even when the objects return 
to the system, provided the object does 
not move from Sensor 1’s zone. The sys-
tem requires no difficult mechanical unit 
for stabilizing the speed of the moving ob-
jects. The counter selects objects that are 
slightly longer than the distance between 
its sensors. Figure 2 shows how the circuit 
tracks an object between the sensors.

Count objects as they pass by
Vladimir Rentyuk, Zaporozhye, Ukraine
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Figure 1 This circuit counts objects such as cards, boxes, and even people.

THE CIRCUIT 
PRODUCES TWO 
CONTROL PULSES.
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Boosted amplifier blasts twice the watts of a conventional amplifier

The MAX9730 is a mono speaker amplifier with an integrated charge pump that delivers 
2.4W into 8Ω. This integration eliminates the need for a boost converter and large inductor, 
thus minimizing total solution size.

Feel the boost

Increased output power with small footprint
2.4W output power from a standard 5V supply (1W from 3.3V supply)
Class G architecture improves efficiency and eliminates EMI concerns
Ultra-small, 2mm x 2.5mm solution

Part Supply 
(V)

POUT into 8Ω
at 1% THD+N

(W)

Output Voltage 
Swing
(VP-P)

PSRR 
(dB)

THD+N 
(%)

Boost
Type

Speaker
Type

MAX9730
2.7 to 5.5

2.4 — 77 0.007 Capacitor Dynamic
MAX9738 — 16 60 0.004 Inductor Piezoelectric
MAX9788 — 20 77 0.002 Capacitor Piezoelectric

 www.maxim-ic.com/MAX9730-info

Innovation Delivered is a trademark and Maxim is a registered trademark of Maxim Integrated Products, Inc. © 2010 Maxim Integrated Products, Inc. All rights reserved.

www.em.avnet.com/maxim

™DIRECT
www.maxim-ic.com/shop

For free samples or technical support, visit our website.

TM
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The object counter comprises IC1 and  
 IC2, H22LOI sensors from Fairchild Op-
toelectronics Group (www.fairchildsemi.

com). The sensors are optical-interruption 
switches with open-collector outputs. A 

control circuit uses IC4, a 74HC74 dual D-
type flip-flop, and IC3, a quad, two-input 
NOR gate. Sensors IC1 and IC2 produce 
logic-low output levels when objects are 
not between the IR diode and the IR re-
ceiver. LED D1 shines green if the system 
is ready to take an object and red if the 
system has detected the object.

If the system is busy, LED D1 does not 
illuminate. Resistor R5 and capacitor C2
protect RS trigger IC3B/IC3C from the 
chance of failure due to undesired signals.
Some sensors require that you add buffers 
between them and the control circuit.

Table 1 describes the circuit’s signals. 
A downloadable sheet describing the 
sequence of events is available at www.
edn.com/100715dib.EDN

TABLE 1 SIGNAL DESCRIPTION
Trace or 

zone Indication

Trace 1 OUT
1
: common counting 

of passing objects

Trace 2 OUT
2
: detection of 

an object

Trace 3 OUT
3
: ready to take 

an object

Trace 4 OUT
4
: counting an 

identifi ed object

Zone A Object identifi ed

Zone B Object not identifi ed

OBJECT LENGTH

DIRECTION OF MOVEMENT

OBJECT

SENSORS’
CENTER-TO-CENTER

DISTANCE

SENSOR 1 SENSOR 2

Figure 2 The circuit tracks movement 

using an object’s length and direction.

↘
You can often use an available os-
cillator to generate a baud-rate 

clock  for a UART. You must divide the 
oscillator frequency to attain the proper 
baud rate, but dividing can produce baud-
rate errors. Table 1 shows the percentage 
of error when you generate a baud rate 
using an 8-MHz crystal oscillator and a 
conventional binary divider. The system 
in this Design Idea obtains a clock 16 
times faster than the baud rate.

Errors in baud-rate setting increase 
when the oscillator frequency doesn’t 
match. In this case, you can add an os-
cillator operating at 18.432 MHz, for ex-
ample, to minimize the error rate. Alter-
natively, you can use DDS (direct digital 
synthesis) to reduce errors at higher baud 
rates using the same oscillator (Table 2).

Reference 1 describes basic DDS oper-
ation. This design uses a simpler version of 
DDS with only a square-wave output (Fig-

ure 1). You can extract the square-wave 
output from the MSB of the phase accumu-
lator. You can also add the divide-by-two 

stage to make the resulting signal with a 
50% duty cycle. Calculate the baud-rate 
clock frequency using baud-rate clock=
(reference clock×tuning word/2N)/2, 
where N is the number of bits for the 
phase accumulator. A Verilog imple-
mentation of the DDS baud-rate genera-
tor using a 20-bit phase accumulator and 
16-bit tuning word is available at www.
edn.com/100715dic.EDN 

REFERENCE
1 “A Technical Tutorial on Direct Digital 

Synthesis,” Analog Devices, 1999, 

www.analog.com/static/imported-files/

tutorials/450968421DDS_Tutorial_

rev12-2-99.pdf.

TABLE 1 BAUD RATE 
WITH REGULAR DIVIDER

Baud 

rate Divisor Error (%)

50 10,000 0

300 1666 0.04

600 833 0.04

2400 208 0.16

4800 104 0.16

9600 52 0.16

19,200 26 0.16

38,400 13 0.16

57,600 8 7.84

115,200 4 7.84

230,400 2 7.84

TABLE 2 BAUD RATE 
WITH 20 DDS BITS

Output 

frequency

Phase 

word Error (%)

50 13 −0.825

300 78 −0.825

600 157 −0.182

2400 629 −0.023

4800 1258 −0.023

9600 2516 −0.023

19,200 5033 −0.003

38,400 10,066 −0.003

57,600 15,099 −0.003

115,200 30,198 −0.003

230,400 60,397 −0.002

PHASE 
ACCUMULATOR

DIVIDE 
BY TWO

TUNING 
WORD

REFERENCE 
CLOCK

∑

BAUD-
RATE CLOCK

Figure 1 You can generate a baud-rate clock from an available oscillator.

Modified DDS functions 
as baud-rate generator
Vardan Antonyan, Glendale, CA
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High-voltage integrated pulsers 
and switches save space and 

reduce power consumption

Ideal for portable ultrasound equipment applications

Improvements over the competition
Quad-channel, high-voltage, 2.0A digital pulsers
(MAX4940/MAX4940A)

Integrated active clamps minimize 2nd harmonic
distortion and reduce power consumption by
66% vs. HDL6V5581
Capacitive architecture eliminates need for
large, costly floating regulators and complex 
power sequencing
AC-coupled architecture reduces overall
footprint by up to 45% vs. HDL6V5581
Five-level pulsing with active damping
(MAX4940A) enables transmission for
complex systems

16-channel, high-voltage switches
(MAX14800*/MAX14801*/MAX14802/
MAX14803)

Ultra-small, 7mm x 7mm CSBGA package
saves board space
Integrated overvoltage protection diodes
prevent damage caused by high-voltage
overshoots (MAX14802/MAX14803)
Designed with larger, high-voltage supply
range for better linearity
33% faster turn-on/off times provide fast
frame rates for improved imaging
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*Future product—contact factory for availability.

www.maxim-ic.com/Ultrasound-info

Innovation Delivered is a trademark and Maxim is a registered trademark of Maxim Integrated Products, Inc. © 2010 Maxim Integrated Products, Inc. All rights reserved.
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   ↘
The voltage-doubler circuit in 
Figure 1 can convert 2.5V dc to 

5V dc or 1.8V to 3.3V. Most voltage 
doublers use an inductor, but this cir-
cuit doesn’t need one. The circuit uses 
a capacitor, C, by charging it through 
serially connected switches. The charge 
switches let capacitor C charge, and 
the discharge switches are open. In the 
subsequent discharging phase, the 
charge switches are off, and the dis-
charge switches close. The two dis-
charge switches now connect capacitor 
C between the source of the input volt-
age, VS, and the output capacitor, COUT. 
This connection scheme lets the ap-
plied voltages combine. Thus, the volt-

age at the output terminal has a value 
close to 2VS.

The two phases of operation repeat 
periodically at frequency f, which clock 
generator IC2 determines. The duty 
cycle is about 50%, but the value isn’t 
all that critical. One half of the Ana-
log Devices (www.analog.com) high-
performance ADG888 analog multi-
switch provides the switching. The IC’s 
two halves have independent control, 
so the other half occasionally shorts RP, 
the 10Ω inrush-current-limiting resistor, 
which protects the charge switches from 
an initial overcurrent. That current oc-
curs after power-on, before the output 
voltage reaches the predetermined per-

centage of the output’s full voltage. 
A micropower op amp, IC3A, runs as a 

comparator with hysteresis. It compares 
input voltage to output voltage. Its out-
put starts low and then goes high, which 
turns on paralleled switches S3 and S4. 
The comparator’s action is ratiometric 
because the reference input voltage at 
the inverting input is the input-supply 
voltage, VIN. This connection is possi-
ble because of the AD8617’s rail-to-rail 
input/output operation. The circuit also 
provides overload protection for an ex-
cessive load, which connects to the cir-
cuit’s output before power-on.

During soft start, the output voltage 
can’t reach the threshold level for loads 
below a certain value. Consequently, 
the circuit remains in soft-start mode. 
The minimum value of RL, which ac-
tivates the protective subcircuit, is 
RL≤m2×( α/(1−α))×RP, where the multi-
plication factor m=(VOUT/VIN) and α is 

DC-voltage doubler reaches 
96% power efficiency
Marián Štofka, Slovak University of Technology, Bratislava, Slovakia
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Figure 1 You can use this step-up dc/dc converter in applications in which power efficiency is a critical issue.
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↘
Many industrial and instrumenta-
tion systems need to measure the 

duration of pulse inputs, such as fre-
quency from rotational-speed sensors, 
gating and strobe pulses from external 
systems, and PWM (pulse-width-modu-
lated) inputs. Designers generally use 
on-chip timers and edge-driven inter-
rupts for this purpose. If one of these 
components is unavailable, however, 
you can employ an unused on-chip seri-
al-synchronous receiver to make those 
measurements.

You can set the baud rate of the serial-
port receiver for the necessary timing ac-
curacy. The receiver interrupts the micro-
controller after every 8 bits. You can 
embed the pulse-width acquisition rou-
tine, which resides in your application 
program, to read the byte that the ISR 
(interrupt-service routine) receives. It 
counts and accumulates the number of 
ones and zeros the bytes receive to mea-
sure the duration of an incoming pulse 
(Figure 1). 

The algorithm measures the duration 
between two consecutive rising edges. 

The microcontroller detects  a rising 
edge or a falling edge when a received 
byte is neither 0xff nor 0x00. If a byte 
is less than 0x80H (100 000b), then the 
byte marks a rising edge. If the byte is 
equal to or greater than this value, then 
the byte marks a falling edge.

The leading rising edge resets the bit 
counter to the number of trailing ones in 
the rising-edge byte by shifting the bits to 
the right. The bit counter increments by 
eight at the arrival of every byte, includ-
ing the one that marks the falling edge. 
When the counter receives the trailing 
rising edge, marked by the next rising-
edge byte, which is greater than 0x80h 
but less than 00H, it again counts the 
number of leading zeros in this byte and 
adds them to the accumulated-bit coun-

ter. The accumulated-bit count at this 
point directly relates to the time period 
of the pulse train by a factor equaling the 
baud rate.

Figure 2 depicts a 200-Hz pulse train, 
which has a 5-msec period between 
two consecutive rising edges. The baud 
rate is 256 kbaud. During a measure-
ment cycle, assume that the leading ris-
ing edge is marked as 0011 1111b. The 
microcontroller counts the number of 
trailing ones by shifting them right and 
initializing the bit counter as six. This 
count corresponds to approximately 
23.43 μsec.

Next, every byte before the rising-
edge byte increments the bit counter by 
eight. Simple calculation shows that the 
sum is 159 bytes, or 1272 bits. At this 
point, the total bit count is 1278, in-
cluding six one bits received in the first 
rising-edge byte. 

The pulse train now encounters its 
trailing rising-edge byte as 0011 1111b. 
When this encounter occurs, you need 
to shift the zeros left to count two bits. 
The total bit count between the rising 
edge now is 1280. At a 256-kbaud rate, 
this figure corresponds exactly to 5 msec, 
or 200 Hz.

Figure 3, a flow chart, is available with 
the online version of this Design Idea 
at www.edn.com/100715did. It explains 
how you can use this concept to measure 
frequencies in hundreds of hertz.

You can tailor this bit-counting con-
cept to your application’s requirements. 
For measuring only a low period of a 
pulse, you need to detect a falling edge 
and count the bits until you encounter a 
rising edge. You can use this concept to 
read an incoming PWM signal by read-
ing high periods of a known incoming 
pulse frequency.EDN

a fraction of VOUT, at which the soft start 
turns off. For m=2, α=0.8, and RP=10Ω, 
RL is 160Ω. Thus, loads of 160Ω or less 
will overload the circuit if you con-
nect them to the circuit’s output before 
power-on. IC2 and IC3 get their power 
from the input supply. IC1, however, 
switches voltages of as much as 2VIN, 
and its VDD1 supply-voltage pin must re-
main at the same level. An analog OR 
switch comprising Schottky barrier di-

odes D1 and D2 provides that voltage. 
The higher of the input or output volt-
ages appears at the VDD1 pin of IC1. The 
high levels of output voltages for both 
IC2 and IC3 suffice for control of IC1 be-
cause the ADG888’s data sheet allows 
a 0.36VDD1 value for the high value at 
the control inputs. The circuit has been 
tested at an input voltage of 2.386V, RL 
of 178.46Ω, a frequency of 200 kHz, a 
supply voltage of 2.377V, an input sup-

ply current of 51.285 mA, and an out-
put voltage of 4.588V. Evaluating these 
data gives a multiplication factor of 
1.929 and power efficiency of 96.39%.

This power efficiency remains more 
than 96% for frequencies of 150 to 350 
kHz. The 9-mV drop at the switch-
shorted RP at the given input current 
indicates that the on-resistance of the 
paralleled switches has a value of ap-
proximately 0.175Ω .EDN

BIT PATTERN

00111111b
FOR LEADING
RISING EDGE

BIT PATTERN

00111111b
FOR TRAILING
RISING EDGE

TOTAL 1280 BITS AT 256 kBAUD

159 BYTES 
(1272 BITS
BETWEEN

RISING EDGES)

Figure 2 The algorithm uses a 001111 

bit pattern to detect edges.

SERIAL-
PORT

RECEIVE
INPUT

MICROCONTROLLER

ON-CHIP
SYNCHRONOUS

SERIAL PORT

Figure 1 A microcontroller’s serial 

port can receive pulses from various 

sources.

Microcontroller’s serial port 
measures pulse width
Vishwas Vaidya, Tata Motors Ltd, Pune, India
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Analysts at Gartner Inc 

(www.gartner.com) have 

forecast that 2010 will show 

27.1% revenue growth on 

2009’s $228 billion for $290 

billion in revenue. The com-

pany expects 2011 revenue 

to reach $307 billion and for 

growth to continue through 

2014. 

“Sequential semiconductor 

growth has been strong over 

the last fi ve quarters—well 

above seasonal norms, and 

manufacturing capacity is 

tight,” says Bryan Lewis, 

research vice president 

at Gartner. “Chip-revenue 

growth is clearly outpacing 

system-revenue growth.”

The PC and mobile-phone 

markets will account for about 

40% of the semiconductor 

market’s growth in 2010. 

Processors’ average selling 

prices are fi rming up, and 

2010 PC processor revenue 

should grow 15.5%, Gartner 

estimates. Gartner in May 

forecast that PC shipments 

will climb 22% this year.

“Strong PC growth and 

rising DRAM prices are caus-

ing the 2010 DRAM market 

to surge 78%, making it 

the strongest-performing 

semiconductor-device 

market,” Gartner reports. 

“Analysts believe that the 

demand for media tablets, 

such as Apple’s iPad, will 

noticeably impact the PC 

market by 2013, further fuel-

ing growth.”

—by Suzanne Deffree

L
ast year’s economic envi-

ronment, in which cus-

tomers needed to con-

tinue driving their key prod-

ucts to market with fewer 

resources, spurred an increase 

in outsourced engineering, says 

Andrew Femrite (photo), man-

ager of Arrow Electronics Inc’s 

(www.arrow.com) Engineering 

Solutions Center. “Hiring has 

not yet increased dramatically, 

so outsourcing continues not 

only as a short-term tactic but 

also as a mainstay,” he adds.

The economic downturn 

also drove work to indepen-

dent design companies. “Many 

companies downsized over the 

last few years, but outsourced-

engineering companies did 

well,” says Adam Tavin, chief 

executive officer of Focus 

Product Design Inc (www.

focuspdm.com), a design-

engineering company. “The 

work still needed to get done, 

even though companies had 

downsized.”

Analysts note that compa-

nies in the electronics industry 

have recently become comfort-

able with outsourcing. “In the 

past three years, more work 

is getting outsourced,” says 

Mukesh Dialani, research man-

ager at IDC (www.idc.com). 

“At some level, confi dence has 

grown in what engineering ven-

dors have to offer. Outsourced 

engineering has been validated 

with successful outsourcing 

engagements.”

Outsourced design is attrac-

tive in a number of areas. Some 

companies use outsourcing to 

keep old products alive while 

their in-house team focuses on 

new products. “We saw clients 

who kept their legacy products 

going for a small investment in 

outsourced engineering,” says 

Rafael Cruz, vice president of 

engineering services at Avnet 

Inc (www.avnet.com). “The new 

engineering let them continue 

to derive revenue from legacy 

products instead of obsoleting 

them.”

For some companies, includ-

ing large manufacturers in the 

United States, design com-

panies have become sources 

of specialized expertise. 

Companies are also turning 

to outside design for expertise 

they need but don’t have suffi -

cient demand to build in-house. 

“Companies are wrapping new 

technologies, such as lighting or 

wireless capability, around their 

core competence, and they 

see outsourcing as a means 

for quickly adding a new com-

petence from an expert,” says 

Arrow’s Femrite. “Our custom-

ers are focusing much more on 

the competency of their design 

partners than having them in 

their own yard.”

Companies are outsourcing 

anything from entire products 

to pieces of designs, such as 

boards or software. “We see 

outsourcing needs for a broad 

range of items, from proof of 

concept to compliance test-

ing to software development 

to system-on-module customi-

zation to ASIC design,” says 

Femrite. “Most of the time, 

companies pursue third-party-

design support for pieces of 

their system outside their core 

competence. We see fewer full-

turnkey design contracts.”

Emerging technology is also 

a candidate for outsourcing. 

For many companies, it’s more 

cost-effective to buy cutting-

edge technology rather than 

hire for it. “We’re seeing a lot 

of growth in ‘green’ engineer-

ing,” says John Myung, vice 

president of sales and market-

ing at Focus Product Design. 

“In automotive, companies are 

looking for new battery design. 

We’re also seeing more design 

work for companies analyzing 

solar panels.”

Companies doing out-

sourced-design engineering 

range from distributors and 

component suppliers that sup-

port their customers’ product 

development to specialty design 

services. “Specialty-design 

houses [are] specifi c to differ-

ent sectors, [such as] medical 

or industrial,” says Eric Miscoll, 

a principal at Charlie Barnhart 

and Associates (http://charlie

barnhart.com). “What they have 

in common is their expertise in 

building products.”

—by Rob Spiegel

Outsourced engineering services 
show solid growth

GARTNER EXPECTS 
RECORD SEMI 
SALES THIS YEAR
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LED drivers tout 
92% peak efficiency

   ↘
The charge-pump-based, 180-
mA, six-channel FAN5701 and 

FAN5702 LED drivers backlight TFT 

LCDs in mobile electronics and fea-
ture 92% peak efficiency. The 
FAN5701 uses two PWM inputs to 
control the brightness of an array of 
four and two LED outputs. The con-
figurable FAN5702 has an I2C inter-
face. Both devices’ outputs support 64 
logarithmic-dimming steps, eliminat-
ing distortion, especially at low-
brightness levels. They also feature 
dynamic backlight control. The FAN-
5701 and FAN5702 sell for 72 and 95 
cents (1000), respectively.
Fairchild Semiconductor, 
www.fairchildsemi.com

OPTOELECTRONICS AND DISPLAYS

LED driver ups HB-LED reliability

   ↘
The ZXLD1370 LED-driver controller increases the reliability of HB (high-
brightness) lamps in automotive-, industrial-, and commercial-lighting sys-

tems. Operating in buck, boost, and buck-boost modes, it combines control loops 
and high-side current sensing to ensure accurate current control of LED strings. 
With a 6 to 60V operating input-voltage range and a typical 1% output-current 
tolerance, the driver can deliver the high current levels and tight interlamp lumi-
nance match that HB-LED systems require. A dedicated external thermistor input 
and fault-diagnosis outputs, which report the status of the LED driver and the load, 
achieve active LED thermal management, improving LED reliability and longev-
ity. The ZXLD1370 uses an external MOSFET and has 1-MHz switching frequency 
and a 100-kHz clamp, reducing the size of the internal inductor and requiring sim-
pler design of any required input EMI filters. The controller sells for $1 (1000).
Diodes Inc, www.diodes.com

Backlight drivers boost 
efficiency by 12% 
in portable devices

   ↘
The MAX8847 and MAX8848 
backlight drivers for as many as 

six or seven white LEDs come in 3×3-
mm TQFN packages. The backlight 
drivers employ negative-charge-pump 
architecture to eliminate inline resis-

tance from the battery to the LEDs. As 
a result, mode switching decreases from 
one to 1.5 times during battery dis-
charge, minimizing dropout. The 
devices’ adaptive-mode-switching 
topology individually controls each 
LED. A serial-pulse/PWM interface 
controls each LED, enabling multizone 
light management and allowing as many 
as 32 brightness levels. A 120-μA quies-
cent current facilitates always-on dis-
plays that require minimal power. Prices 
for the drivers start at $1.95 (1000).
Maxim Integrated Products, 
www.maxim-ic.com

Solid-state driver 
module targets 
residential, commercial, 
industrial LED fixtures

   ↘
The LXMG221W-070034-D0 
power-supply module supports 

five to 16 LEDs and has a universal 
input-voltage range of 90 to 305V ac, 
enabling operation in 100, 120, 220 to 
240, and 277V-ac, 50- and 60-Hz sys-
tems. The Class 2 isolated module pro-
vides 90% peak power-conversion effi-
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Touch panel comes 
in a variety of sizes 
for wide applicability

   ↘
The newest addition to the 
vendor’s Crystal Touch capaci-

tive-touch panel line comes in 4.3-, 
7-, and 10.1-in. sizes with multitouch 
capabilities. The Crystal Touch has a 
layer of glass on the exterior, increasing 
durability and allowing the panel to 
handle a wide range of temperatures. Previous touch panels, such as resistive-touch 
interfaces, use a film on the screen’s exterior, which scratches easily and has a 
shorter life. The panel also provides a clean surface for the secure attachment of 
cover plates, increasing readability and durability for handling harsh cleaners. The 
10.1-in. touch panel sells for $57 (volume quantities).
Ocular LCD Inc, www.ocularlcd.com
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ciency and delivers nonflickering dim-
ming to 10% using 0 to 10V dimming 
controls and potentiometers. Other fea-

tures include a power factor of less than 
0.9; a total harmonic distortion of less 
than 20%; a constant-current, single-
string output of 700 mA; and a 14 to 
48V-dc output for LED loads of as much 
as 34W. CE and UL1310 certifications 
are pending, and the module comes in 
an IP66-rated plastic package. Samples 
are available for $60.
Microsemi Corp, 
www.microsemi.com

Dimmable LED-
controller IC suits 
dimmable and 
nondimmable LED 
lamps

   ↘
Targeting high-power LED light-
ing, including PAR20, 30, and 

38, the SSL2103 ac/dc LED-controller 
IC finds use in both isolated and noni-
solated, dimmable or nondimmable 

LED lamps. The IC also finds use in 100, 
110, and 230V-ac networks and form fac-
tors for E27, GU10, or PARx lamps. The 
SSL2103 sells for $1.35 (1000).
NXP Semiconductors, 
www.nxp.com
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RAY HILL • SYSTEMATION TECHNOLOGY INC

We were feeling good about the per-
formance of this new system for the first 
year or two, and we had systems in many 
hospitals around the country. However, 
we then installed a system in a large, 
well-known hospital in Chicago, inside 
“the loop.” The equipment was located 
in a closet on the hospital’s third floor, 
close to the nurses’ station. It was not a 
very comfortable place, but nevertheless, 
the closet was cozy and had a view of the 
Chicago skyline.

Minicomputers were then large, and 

they consumed a lot of power. You had 
to treat them kindly and pay attention 
to what kind of environment in which 
you wanted them to operate. If the mini-
computer was unhappy, it would usually 
just halt. There was no reboot and no 
watchdog; it just stopped executing 
code. For this reason, we made sure that 
the minicomputer rack in our assigned 
closet had adequate cooling, condi-
tioned power, and other amenities.

The new installation in Chicago 
would run for days and then randomly 

stop—apparently without reason. The 
time, day, date, weather, and phase of the 
moon could not explain why this would 
happen. Our service people changed out 
boards, memory, I/O, cabling, and even 
the entire minicomputer, but the prob-
lem persisted. After a couple of months, 
we were all baffled, and the hospital 
employees were getting upset.

I came to work one morning, and my 
boss strongly suggested that I purchase a 
one-way ticket to Chicago. He told me 
not to come back until I had solved this 
mystery and the hospital was happy. The 
next day, I found myself in the closet 
with the minicomputer, where I decided 
to camp out and see for myself. At least 
I had a view.

A couple of days went by with no 
problem. Then it happened! The mini-
computer just stopped running, the CRT 
screens froze, and the keyboard went 
dead. Nothing seemed to have changed. 
I restarted the system and waited again. 
Several hours later, it stopped again. 
This time, I noticed a small flash in the 
window. I went to the window in time 
to notice the “el” train going by. The 
elevated track ran beside the building 
at about the level of our floor. After 
that discovery, I monitored the situa-
tion for 24 hours and noticed that the 
minicomputer stopped only when a 
train went by.

We demonstrated this problem to 
the hospital and immediately began 
grounding and shielding both the equip-
ment and the closet. We installed a wire 
mesh across the window and the wall 
and connected it to a newly installed 
ground that the hospital provided. This 
approach fixed the problem. Evidently, 
the train was generating enough EMI 
(electromagnetic-interference) to stop 
the minicomputer.

I called my boss and blamed the 
whole thing on the train. I then asked 
him whether I could come home.EDN

Ray Hill is president of Systemation 
Technology Inc (Webster, TX), which 
provides custom embedded-system engi-
neering and consulting, as well as flat-
panel graphics interfaces.

 B
ack in the ’70s, I worked for a medical-electronics 
company that made patient-monitoring equipment. 
My group developed a minicomputer-based system 
that accepted bedside data and provided patient sta-
tus and charting information on a couple of CRTs at 
a central nurses’ station. The equipment comprised 

a 19-in. rack of interface electronics and a minicomputer. Most 
of our installations went into hospitals, but it was sometimes dif-
ficult to find a place in the hospital for this rather large rack of 
equipment. Most of the time, we put the equipment into an out-
of-the-way closet.

Stopped in our tracks
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“I need a faster, more accurate audio analyzer.”

© 2010 Agilent Technologies

We knew you’d say that.
The new Agilent U8903A audio analyzer is four times more accurate 

and over seven times faster than its popular HP 8903B ancestor. 

In fact, it is among the fastest and most accurate currently in its 

class. It’s also a more fully capable audio analyzer, letting you make 

crosstalk measurements and phase measurements, FFT analysis, 

and graph sweep. That’s taking it to the next level. That’s Agilent.

u.s. 1-800-829-4444  canada: 1-877-894-4414

Learn how to migrate effortlessly -
Free application note filled with tips
www.agilent.com/find/AgilentU8903A
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CHANGING THE STANDARDS

CST of America®, Inc. | To request literature (508) 665 4400 | www.cst.com

 Y Get equipped with leading edge EM technology. 
CST’s tools enable you to characterize, design and 
optimize electromagnetic devices all before going 
into the lab or measurement chamber. This can help 
save substantial costs especially for new or cutting 
edge products, and also reduce design risk and 
improve overall performance and profitability.

Involved in signal or power integrity analysis? You can 
read about how CST technology was used to simulate 
and optimize a digital multilayer PCB’s performance 
at www.cst.com/pcb.  If you’re more interested in 
EMC/EMI or microwave components, we’ve a wide 
range of worked application examples live on our 
website at www.cst.com/apps.   

Now even more choice for SI/PI simulation. The 
extensive range of tools integrated in CST STUDIO 

Make an impact
Unleash the power of CST STUDIO SUITE®,  

the No 1 technology for electromagnetic simulation.
SUITE enables numerous applications to be analyzed 
without leaving the familiar CST design environment. 
This complete technology approach enables 
unprecedented simulation reliability and additional 
security through cross verification.

 Y Grab the latest in simulation technology. Choose 
the accuracy and speed offered by CST STUDIO SUITE.
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