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Visual C++ and Visual Basic
Programmers...

NEW!

Measurement Studio™
for Visual C++,

Visual Basic,

and the Internet

Are you looking for C++ classes, ActiveX

controls, or COM objects for measurement

Developmsent S\stem

applications? National Instruments

II'D“)II,'_.V;' Coe
Measurement Studio builds on 12 years of
measurement programming expertise with
LabWindows™/CVI and ComponentWorks™ to

deliver measurement tools that are tightly

integrated into the Microsoft Visual C++ and '\/WEOSOﬁ ! 60 prsoft
Visual Basic programming environments. lsudi Professional Edition SIH ++6

‘Professional Ecition]

Measurement Studio delivers the measurement —
tools you need to acquire, analyze, and

present your data faster than ever before!

. ' , ¢ Improve your programming
= == oductivity today!
7 NAT|ONAI- B =— = ’:/:sitl:li.::om/in::/mstudio
’ INSTRUMENTS

LNl (800) 891-6364
) (

Tel: (512) 7940100 e« Fax: (512) 794-8411 e info@ni.com

For More Information Circle No. 505



Welcome to e-commerce!
Our store is open—with over 100,000 products available

ON-LINE!

for Process Measurement and Control

‘00‘“

BOOTH
PLEASE SEE US AT 17163

\.(\ega

Omega customer accounts or
major credit cards accepted

omega.com omega.com omega.com Omega.com omega.com omega.com  omega.com
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mnuvegot
one chance to get it all.

' ON ANYTHING LESS
. THAN A SONY?

SIR-1000W/SIR-1000i
“ A'JL'I/.“' )""[J[ I).Ifl 1\"1'('(/"&[["’
[ICP® -1 mnalog/digital data

Sony digital data
recorders give you incredible
performance and superior
reliability in lightweight,
compact configurations that
fit almost anywhere.

Our SIR-1000 series captures
critical analog and digital data (or
analog and synchronized video
data with our optional video card)
at speeds up to 160kHz and 24
Mb/sec for as long as 2 full hours
(32 hours max. at lower band-
widths). Utilizing the Advanced
Intelligent Tape standard, they can
store up to 25 Gbytes (non-com-
pressed) on a single AIT cartridge.

For situations demanding
lower bandwidth, but equally
rugged performance and reliability,
Sony provides the PC200AX series.

These portable, DAT-based
digital data recorders have band
width from DC to 20kHz, ¢
be configured up to 128 channels,
and allow recording times up
to 6 hours.

For More Information Circle No. 527

Sonv Precision Technology America, Inc. 20381 Hermana Circle, Lake Forest, CA 92630

Compact Size:
13.4" wide,
10.2" deep, 4.5" high

And with
their easy-to-use
WindowsNT®-based
software, Sony digital
data recorders make your data as
easy to analyze as it is to record.
So, if you only have one chance
to get it right, get the digital data
recorder that won’t let you down.
Call us at 1-949-770-8400, or visit
us at Www.sonypt.com.

ICPisa d trademark of

PCB Piezotronics, Inc.

Visit us at SAE, Booth #616
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3 | QUALITY ELECTRONIC COMPONENTS
; SUPERIOR SERVICE

—
voun Detivery ¥arel” S

s - D>

Point...

o T —

The Website of Preference*
™ Value of Overall Content
™ Product Search Engine
¥ Product Order Mechanism
¥ Ease of Navigation

@ Access Speed 1_800—"’6’—KE Y

*Electronic Buyers' News, Website Audit, June 28, 1999 d - ’k

*Electronic Engineering Times, Website Audit, June 28, 1999 www. ,g' ey- com
*Cahners Research, How Engineers Worldwide Use the Internet, Nov. 9, 1999

*Beacon Technology Partners, Distributor Evaluation Study, Nov. 1999 For More Information Circle No. 535







SIMULATE ANYWHER(Z

Will your mechanical designs e.visualNastran
work? How well? Will they break?
When? Until now, getting good
answers to these questions
required a powerful computer,
lots of training, and expensive

software.

rewrites all the
simulation rules:

It's fast. MSC's servers
do the real number-

crunching—which
makes short work

) of even complex
e.visualNastran changes

everything. With nothing more
than a standard PC and an
internet connection, you can
perform advanced simulation
of stress and motion.
Anywhere. Any time.

simulation.

It's easy. The simple
user interface and
compatibility with all
major 3D file formats
make it easy to get
real results.

Go to www.engineering-e.com/e
to use the first engineering
Application Service Provider
(ASP) and begin simulating
anywhere—today.

It's inexpensive. Use
e.visualNastran free
for 60 days. After
that, a low monthly
subscription covers
your use.

It's secure. Industry-
leading security
measures allow you to
use e.visualNastran—
while protecting your
valuable data.

ENGINEERING A £.(0Mm

www.engineering-e.com/e
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I2 Reasons Why Algor
Should Be Your FEA Partner

s&s using Iast
loadings are
temperature

ransient Heat Transfer - The dynamic
eﬂams of a transient heat transfer analy-

temperature loading of this heat sink
assembly. Algor's multiple load curves
for various loading conditions allow for
the simulation of the thermal event.

Linear Material llodoh Algors
MES with linear material models allows

expedited by using kinematic elements.

Algor has been developing FEA software since 1978.

and prsssuras provlde Ihe Ioading for this
3-D steady fluid flow analysis of a pipe
with a gate valve. Algor's multiple load
curves allow for easy data entry for
adding loading such as gravity.

ear product helps to accurately predict
large deformation and large strains
caused by static loading. As seen by this
water tank, buckling of a structure is one
type of failure that can be exposed.

0 hysics

ucts enable you to combine multiple
analysis types into one event. Resultant
forces from flow around this turbine were
calculated and then projected onto the
object for a structural analysis. Other mul-
tiphysics capabilities Include combining
heat transfer with fluid flow, heat transfer
with statictransient stress and heat trans-
fer with fluid flow and stress.

Iyzedushgaa-DCADsoldmdel.

Algor’s unique processor solves for veloc- | shipboard

ifies and pressures throughout the
mesh-

tures and surface heat ﬂuxes can ba
added to an analysis for fast, accurate
results. In the case of this engine casing,
both conduction and convection were part
of the analysis of this 3-D solid model.

In 1984 Algor was the first company
to offer FEA on PCs, which have evolved into the NT workstations of today.
Algor offers the premier FEA software on PC workstations by combining ease-of-use and affordability.

Prices start at just $975 for INCAD DesignPak.

o dasin and ana ysis !‘
enab%s to calculate the dsfectlons

and siresees of this plant piping system
and then compare the resuilts with
ASME/ANSI| allowables. Loadings
can include: dead weight, thenna! differ-
ences, pressure, wind s, earthquake
loads, time history of forces/displace-
ments, response spectrum, natural fre-
quencies and pitch and roll.

www.FEAINCAD.com - Getting started with INCAD DesignPak for FEA within CAD.

www.Algor.com - Full-featured FEA with Algor and InCADP/US,

www.PipePak.com - PipePak Piping Design and Analysis.

V I3 Autodesk.

Regustered Developer

CADKEY

pepE—p——

*All trademarks may be trademarks or registered trademarks of their respective owners

SOLUTION PARTNER

Voyager
Member

k'!‘:\ﬂlx!
CORPORAT

lru P\RT\!RS

GY

= tHLGOR

Algor, Inc.
150 Beta Drive, Pittsburgh, PA 15238-2932 USA
Phone: +1 (412) 967-2700

Fax: +1 (412) 967-2781

California: +1 (714) 564-0844
Europe (UK): +44 (1784) 442 246

E-mail: info@algor.com

For More Information Circle No. 599 or Visit www.nasatech.com/599
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PRODUCT OF THE MONTH

Intergraph Computer Systems’
new Windows NT workstations
feature a systems architecture
that speeds both throughput
and graphics performance.

ON THE COVER

Charles J. Wood of HLM Design,
Bethesda, MD, designed the Nebula GNX
car in 3D using MicroStation CAD soft-
ware from Bentley Systems, Exton, PA.
Wood's design takes advantage of Micro-
Station’s ability to create complex shapes
and surfaces, and to provide realistic ren-
derings. For more information on the
Nebula GNX and MicroStation software,
visit Bentley Systems at www.bentley.
com. See the latest advances in design
and engineering software in this month’s
Special Coverage on CAD/CAE/CAM, be-
ginning on page 32.

(Image courtesy of HLM Design)

Permissions: Authorization to photocopy items for internal or personal use, or the internal or
personal use of specific clients, is granted by Associated Business Publications, provided that
the flat fee of $3.00 per copy be paid directly to the Copyright Clearance Center (222 Rose
Wood Dr., Danvers, MA 01923). For those organizations that have been granted a photocopy
license by CCC, a separate system of payment has been arranged. The fee code for users of the
Transactional Reporting Service is: ISSN 0145-319X194 $3.00+ .00

[ Ride-along enclosed in all versions |

sensing systems.

s "'QCBGH

An Ocean OpticsfiCompany.

8 Dichroic Filter Arrays” and wheels
% microlithographic thin films
8 high-reflection and AR coatings

www.OceanOptics.com

8 For More Information Circle No. 409

Nobody Puts it Together Like Ocean Optics

One-stop Shopping for Fully Integrated Optical-sensing Solutions

A decade ago, Ocean Optics was little more than two guys in a boat with an idea for an oceanographic
sensor. Ten thousand spectrometers, 3,000 applications and nearly 500 products later, Ocean Optics has
expanded its OEM and R&D business to include high-precision optical components, filters and
coatings. It's all part of our mission to become your one-stop shopping source for innovative optical-

\, ontinental
ptical

An Ocean Optics Company

8 /20 high-precision optics
3 spherical, aspherical and flat lenses and mirrors
3 collimation testers and profilometers

Phone: (727) 733-2447
Fax: (727) 733-3962
C,e an Info@OceanOptics.com
tics, Inc. www.OceanOptics.com
p )
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FASTEST SAMPLING
DEEPEST ACQUISITION MEMORY

MOST POWERFUL SOFTWARE
2 GS/s

A/D & Scope Card for PCI Bus
CompuScope 82G

w# 2 Billion Samples per Second
Digitization on one Channel

w  Simultaneous 1GS/s Sampling
on 2 Channels

= Up to 16 Meg On-Board
Acquisition Memory

" Wide Analog Bandwidth

s SDKs for DOS, Win 95/98, Win NT,
MATLAB, LabVIEW

2 Gigabyte

On-Board Acquisition Memory
Up to 500 MS/s Sampling Rate

s 8 bit, 500 MS/s A/D Sampling

w12 bit, 100 MS/s A/D Sampling

s 16 bit, 2.5 MS/s A/D Sampling

s 32 bit, 100 MHz Digital Pattern Acquisition
"+ Supports PCI| Bus Transfers

s  Compatible with Win 95/98/NT, Win 2K, DOS

For Free Appllcatlon Engmeermg

Call: 1-800-567-GAGE

WWW. gage-apphed com/ad/ nasa300 htm

GAGE APPLIED SCIENCES INC.

From outside the United States contact, Gage Applied Sciences Inc., Tel: +1-514- 633-7447 Fax: +1-514- 633-0770, e-mail: prodinfo@gage-applied.com
For More Information Circle No. 530



There are
a ton of reasons

o use Vespel just
about anywhere.

The reasons to use Vespel” polyimide parts and shapes - If your applications require parts that can withstand

keep piling up. And not just because they stand up to heat, extreme temperatures (cryogenic to 550 F), Vespel” should
friction, pressure and aggressive environments — with be your first choice. Vespel® should also be considered for
minimal or no lubrication. Manufacturers are finding that parts that rub together, if metal parts are too noisy, or if
Vespel” parts in a wide range of applications can really fluid flow needs to be controlled.

trim the bottom line. That’s because the reliability and Superior performance and reliability aren’t the only
long life of Vespel” parts can make them the most cost- ways Vespel® can save you money. Often, you can con-

effective choice for general applications in the long term. solidate two or more existing parts in one Vespel” piece.




In the assembly of automobile [
transmissions, and farm and

Vespel® seal rings reduce

costs by replacing expensive
metal rings, which can fracture
or deform during assembly.
They also reduce warranty
costs by producing

a better seal.

Devices.

In aircraft engine vanes, Vespel® bushings withstand high-frequency
vibration dithering and offer excellent stability and lubricity at extreme
temperatures. They also reduce assembly time.

Insulators. Q

In plasma-arc cutting torches,
Vespel® insulators provide superior

Thrust Washers. 0

The automotive industry counts
on Vespel® thrust devices because
they reduce friction, extend
component life and can be easily
molded. What's more, the variety of
Vespel” grades allows

strength and durability at high
temperatures up to 550 F, lasting
up to six times longer than
fragile ceramic insulators.

: ) e manufacturers
In construction equipment transmissions, Vespel* o specify the
thrust washers reduce costs and manufacturing time .
e o properties they
by eliminating the need for secondary machining. Raa tanet

Vespel® washers also withstand high pressure and
exhibit minimal wear with limited or no lubrication.

Compressor
Discus Valves.

Supermarkets are cooling
foods more efficiently with
discus compressors, featuring
components made of Vespel®
Vespel® not only reduces
energy and noise levels, but
it also offers excellent

wear resistance.
The Vespel® part
is expected

10 operate

for 15 years
without failure.

And Vespel’ parts can be direct-formed,
which eliminates machining costs.

When you consider how cost-effective
Vespel” parts can be in the long term,
it’s clear that we don’t just make better
bushings, bearings, washers and seals.
We make better sense.

Stripper Fingers.
Thanks to its high leml:eglurc
resistance, Vespel® parts are

ideal for copier stripper

fingers. The Vespel® fingers

resist heat as well as toner
buildup, allowing a greater
number of copies

without part changes.

@

Vespel
Only by DuPont
For More Information Circle No. 522



12

OMPUTER
& VIDEO
SOURCES

LE SCREEN

SUPERVIEW

DISPLAY PROCESSOR

LETS YOU COUNT UP TO

IN REAL-TIME AND
FULL COLOR
Display up to
simultaneous video inputs
including NTSC/PAL or S-Video

Display up to
simultaneous computer inputs
up to 1280 x 1024 pixels

Display a combination of
simultaneous video and
computer inputs

Position and scale each
window independently

Zoom within each window

Overlay computer graphics
on video

RS-232 or front panel control

Visit our web site
http://www.rgb.com

RGB SPECTRUM®

r ons company
950 Morino Village Parkway
Alameda, California 94501
Tel: (510) 814-7000
Fax: (510) 814-7026
E-mail:sales@rgb.com

For More Information Circle No. 410
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www.kingston.com/storage

SIMPLY BRILLIANT.
INTRODUCING THE |
KINGSTON [ nfo\ tation." =

S g

WHEN IT COMES TO INTELLIGENT STORAGE ENCLOSURES, the spotlight shines on
Kingston’s new InfoStation™ Perfect for RAID applications, the InfoStation is a scalable backplane
expansion chassis featuring

» Support for up to (9) 3.5" Ultra2 (LVD) drives

* A user display and control interface for drive bay configuration and system set-up
» Upgradable support for up to 4 host channels (60 devices)

* (2) redundant, hot swappable, load sharing 400W power supplies

* (4) high-pressure, variable-speed blowers in (2) hot swappable modules

* A generous 7-year warranty

With many field-upgradable options to come, such as a SCSI RAID controller board, a Fibre to
SCSI bridge, and remote monitoring capabilities, the InfoStation is flexible and will grow with
your future storage needs

Call Kingston® Storage today at (888) 435-4963 to request more information about this brilliant

new addition to Kingston’s family of rugged and reliable Rhino® . in StO“
products. Mention this ad and Kingston will include a small ‘ KT 3 c!l}o AR
token of appreciation in your literature packet. STORAGE PRODUCTS DIVISION

SoLamis.
&

USA (714) 438-1850, Fax (T14) 438-1847. © 2000 Kimgston Technology Company All rights reserved

©
>
(-
io
N
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NASA NASA’s R&D efforts produce a robust supply of promising technologies with applications in many
b industries. A key mechanism in identifying commercial applications for this technology is NASA's
Commercial national network of commercial technology organizations. The network includes ten NASA field cen-
Technology ters, six Regional Technology Transfer Centers (RTTCs), the National Technology Transfer Center
Team (NTTC), business support organizations, and a full tie-in with the Federal Laboratory Consortium
(FLC) for Technology Transfer. Call (609) 667-7737 for the FLC coordinator in your area.
NASA’s Technology Sources NASA Program Offices

If you need further information about new technologies presented in NASA Tech Briefs,
request the Technical Support Package (TSP) indicated at the end of the brief. If a TSP is
not available, the Commercial Technology Office at the NASA field center that sponsored
the research can provide you with additional information and, if applicable, refer you to the
innovator(s). These centers are the source of all NASA-developed technology.

At NASA Headquarters there are
seven major program offices that
develop and oversee technology pro-
jects of potential interest to industry.
The street address for these strategic

2:;“;;' Research g::::a:gu .mu::on Space lc.lngtlw Research :a"m:acl'l ;.me business units is: NASA Headquarters,
er r enter g r .
Saieciod tadno . - Salaciad Wouioe 1 Seleckid i~ Selecigdthhno- | Saistiadichno- - - 2P0 =8t SWaWashington, DG 20546.
logical strengths:  logical strengths:  logical strengths: logical strengths: logical strengths: Carl Ray Terry Hertz
Fluid Dynamics; Earth and Artificial Intelli- Aerodynamics; Materials; Small Business Office of Aero-Space
Life Sciences;  Planetary gence and Fiight Systems;  Manufacturing; Innovation Research  Technology (Code RS)
Earth and Science Human Computer ~ Materials; Nondestructive Program (SBIR) & (202) 358-4636
Atmospheric Missions; LIDAR; Interface; Structures; Evaluation; Small Basiness thertz@mail
Sciences; Cryogenic Life Sciences; Sensors; Biotechnology; T:::'Il i ok ns! Y
Information, Systems; Human Space Measurements; Space B0y Txansiex hq.nasa.gov
Communications, ~ Tracking; Flight Operations;  Information Propulsion; o g Glen Mucklow
and |nte|||gent T9|emetry; Avionics; Sensors; Sciences. Controls and (202) 358-4652 Office of spm Sciences
Systems; Command. Communications.  Sam Morello Dynamics; cray@mail.hq. (Code SM)
Human Factors. Alcom Hank Davis (757) 864-6005 Structures; HEsa.00V: (202) 358-2235
Carolina Blake (301) 286-5810  (281)483-0474 s.a.morello@ Microgis gmucklow@mail.
(650) 604-1754 galcorn@gsfec. hdavis@gp101.jsc. larc.nasa.gov Proces'smg- Dr. Robert.Norwood hq.nasa.gov >
chlake@mail. nasa.gov nasa.gov Sally Little Oﬂlce of Commercial % ;
arc.nasa.gov WO béawace Technology (Code RW) Roger Crouch

Jet Propulsion Kennedy Space John H. Glenn sally.little@msfc. (202) 358-2320 Office of Microgravity
Dryden Flight Laboratory Center Research Center nasa.gov ol Science Applications
Research Center Selected techno-  Selected techno- @t Lewis Field Wiszin i (Code U)
Selected techno-  logical strengths:  |ogical strengths; ~ Selected techno- Lot (202) 358-0689
logical strengths:  Near/Deep- Command, logical strengths:  Stennis Space rcrouch@hg.nasa.gov
Aerodynamics; Space Mission Control, and Aeropropulsion; Center John Mankins 2
Aeronautics Engineering; Monitoring Communications; Selgcted techno- Office of Space Flight Granville Paules
Flight Testing; Microspacecraft;  Systems; Range ~ ENergy logical strengths:  (goge Mp) Office of Mission to
Aeropropulsion; Space Systems, Fluids Technalogy, Propuision (202) 358-4659 Planet Earth
Flight Systems; Communications;  and Fluid High Systems; jmankins@mail, (Code Y)
Thermal Testing;  Information Systems; Materials | emperature Test/Monitoring; hq.nasa.gov : 02) 358-0706
Integrated Systems; Evaluation and Materials Remote Sensing; ; B>
Systems Test Remote Sensing;  Process Research. Nonintrusive PESySsOmiEs
and Validation. ~ Robotics. Engineering. Larry Viterna Instrumentation. a—
Lee Duke Merle McKenzie Gale Allen g;z 433-3484 ggka )Sgaag’ng
(805) 258-3802 (818) 354-2577 (407) 867-6226 -
lee.cuke@dfrc. merle.mckenzie@  gale.allen-1@ gre.nasa.gov technology@ NASA's Business Facilitators
nasa.gov ccmail jpl.nasa.gov  ksc.nasa.gov ssc.nasa.gov

NASA has established several organi-
zations whose objectives are to estab-
lish joint sponsored research agree-
ments and incubate small start-up
companies with significant business
promise.

NASA-Sponsored Commercial Technology Organizations

These organizations were established to provide rapid access to NASA and other federal R&D and
foster collaboration between public and private sector organizations. They also can direct you to the
appropriate point of contact within the Federal Laboratory Consortium. To reach the Regional
Technology Transfer Center nearest you, call (800) 472-6785.

Joseph Alle! Dr. William Gasko Gary Sera Chris Coburn Weyne P. Zemog e risiod
n r. Willi P

National Technology Center for Technology Mid-Continent Great Lakes Industrial If::lr::‘::'::: oo g;:n:gil:;?z';%n
Transfer Center Commercialization Technology Transfer Technology Transfer Cleveland. OH Center
(800) 678-6882 Massachusetts Center Center !

Technology Park Texas A&M University Battelle Memorial (216) 586-3888 San Jose, CA

(508) 870-0042 (409) 845-8762 Institute : ; (408) 557-6700
Ken Dozier (440) 734-0094 B. Greg Hinkebein
Far-West Technology J. Ronald Thornton Lani S. Hummel Mississippi Enterprise ~ Marty Kaszubowski
Transfer Center Southern Technology Mid-Atlantic Technology for Technology Hampton Roads
University of Southern  Applications Center Applications Center Stennis Space Technology Incubator
California University of Florida University of Pittsburgh Center, MS (Langley Research
(213) 743-2353 (352) 294-7822 (412) 383-2500 (800) 746-4699 Center)

Hampton, VA

NASA ON-LINE: Go to NASA’s Commercial Technology Network (CTN) on the World Wide Web at (757) G

http://nctn.hq.nasa.gov to search NASA technology resources, find commercialization opportunities,
and learn about NASA's national network of programs, organizations, and services dedicated to tech-
nology transfer and commercialization.

If you are interested in information, applications, and services relating to satellite and aerial data for Earth resources, contact: Dr. Stan Morain, Earth Analysis
Center, (505) 277-3622.
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PC-IN-THE-LOOP

PROTOTYPING
PRODUCTS

Don't just predict
your real-time system’s
performance. Prove it.

Wth the new PC-in-the-Loop™ products, you can accurately test the
performance of real-time embedded system
designs on a low-cost PC long before your final

target hardware is available. Simulink code

generation products convert block diagrams to

New PC-in-the-Loop products enable real-time

rapid prototyping of embedded designs on real-time C code for rapid prototyping. You can

standard x86 PC hardware in any form factor.
then go directly to your embedded target with our production-quality code.
Learn how PC-in-the-Loop products enable rapid prototyping right on your own desktop.

To get your Embedded Systems Technical Kit, for pricing information, or to buy

online now, visit www.mathworks.com/ntcg. S IMULINK ®

Design and develop

complex embedded
systems faster and
more efficiently with
Simulink products.

MATH
&

Visit www.mathworks.com /nteg
or call 508-647-7000

We have a worldwide network of international representatives.
Visit our Web site at www.mathworks.com/eur for more information.
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ntergraph Computer Systems, Huntsville, AL, has introduced the Zx10
ViZual Workstation™ that features new Wahoo Technology™ with Streaming

Understanding the
Global Climate

n a keynote address to weather

forecasters early this year, NASA
Administrator Daniel S. Goldin out-
lined NASA’s role in studying Earth’s
climate — specifically, the agency’s
commitment to scientific research that
will help forecasters make more accu-
rate weather predictions. NASA tech-
nology has helped predict such events
as El Nino and La Nina. For the future,
NASA’s Earth Sciences projects could
result in new satellite technologies and
models to help the National Weather
Service provide accurate 10- to 14-day
forecasts.

“What most people don’t know is that
our efforts to open the space frontier
are largely based on our quest to under-
stand our own planet,” said Goldin.
“Our development of new technologies
and Earth-observing spacecraft comple-
ment the vital work of our sister agen-

Multiport Architecture™. This architecture is specifically designed to | cies in weather prediction and global
improve system throughput and performance of the 2D /3D graphics . climate modeling.”

pipeline. The workstations also feature 64-bit PCI buses, single or dual Intel
Pentium® III 733-MHz processors, up to 8 GB of PC133 ECC SDRAM, and
Intense3D Wildcat™ 4110 VIO 3D graphics. Designed for high-performance
MCAD and visual simulation applications, the Zx10 workstations are Windows
NT-based and provide a 128-bit memory bus running at 133 MHz. The com-
puter’s Ultra-tower chassis provides internal support for seven drive bays and

seven full-length, full-sized card slots.
For More Information Circle No. 756

Linux Takes Off at JPL

N ASA’s Jet Propulsion Laboratory (JPL) in Pasadena,
CA, has begun experimenting with the Linux operat-
ing system for its performance and cost-savings potential.
Computers that run the navigation systems for smaller
projects such as the Mars Pathfinder have been expensive
due to the high performance required. According to
Peter Breckheimer of the Navigation and Flight
Mechanics Section of JPL’s Systems Division, as PC costs
declined and speeds improved, the lab decided to use
Linux in certain projects as an alternative to more
expensive UNIX platforms.

Breckheimer’s group designs, implements, and main-
tains the Institutional Navigation System Software (INSS)
in all flight projects, including Cassini, Galileo, and Deep
Space 1. The INSS consists of more than 160 programs
written in Fortran 77, C, and Hypertext Markup Language,
totaling more than 4.5 million lines of source code.

INSS was designed for portability, and has run on a
number of computer systems over the past 40 years, from
IBM mainframes, to Digital Equipment Corp. VAX mini-
computers, to Hewlett-Packard HP-UX systems. The new

16 www.nasatech.com

NASA missions such as the Landsat 7
Earth-mapping satellite, the Tropical
Rainfall Measuring Mission, and Terra,
an Earth observatory, contribute to our
understanding of the global climate.

For more information on NASA’s Earth
Science Enterprise, visit the web site at
www.earth.nasa.gov.

NASA’s Deep
Space 1 project
uses navigation
code running
under Linux.

Linux operating system was chosen over Microsoft
Windows NT because the lab had tens of thousands of lines
of UNIX CGshell scripts with no adequate tool to convert
them to NT.

Visit the JPL web site at www.jpl.nasa.gov.

NASA Tech Briefs, March 2000
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CONFOCAL ‘LASER SCANNING

v
POINT
SOURCE

www.point-source.com

Fluorescence

Microscopy

The pace of the human genome project with
its goal of discovering 3 billion base pairs of
the human genome by 2003, has driven the
development of new instruments capable of
handling the vast amounts of information
analyzed. Technologies to characterize gene
expression and DNA Cloning requiring high
throughput screening and processes for rapid
molecular separation have been developed.

Confocal laser scanning for fluorescence
microscopy is the enabling technology for
human genotyping. Point Source engineers
are using Flexible Laser Technology to offer
the ultimate in adaptable solutions to fiber
coupled Argon lasers for remote delivery of
excitation wavelengths.

Visit www.kineflex.com today.
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or application assistance, call
1-800-524-0504.
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Precision Molded

Plastic Optics

= Complete mold making facilities,

including a CNC machining center,
EDM machines and Nanoform 200

diomond turning center.
= State-of-the-crt molding facilities.

= Comprehensive testing, measurement,
and evaluation capabilities, including
Zygo Interferometer, Taylor-Hobson
Form TalySurf S6 PGI and various
client-provided testing capabilities.

= High quality, quick turnaround
diomond-turned prototyping in
most substrates.

= High quality production of optical
elements such as diffractives, hybrids,
aspheres, cylinders, prisms, toroids,

mirrors and HUDs.
» Collimating lenses for laser diodes.

= Optical design services provided from

minimal assistance to full design
capabilities.
For design, production or pricing infor-

mation, please contact us.

(A AVIMO

AVIMO PRECISION POLYMER OPTICS

A member of Avimo Group Limited

560 West Terrace Drive
San Dimas, California 91773
Telephone 909-599-9341
Fax 909-592-2780
www.polymeroptics.com
Email: infoatappo@aol.com
salesatappo@aol.com
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BEYOND IMAGING

TON INSTRUMENTS SPEC-10"

Reach the Pinnacle of Research!

| Whether you're a research spectroscopist looking

=

for peaks buried in the noise or o QC specialist

monitoring a critical process, getting the results you need
depends on the right instrumentation. The low-noise, high-
sensitivity Spec-10 detection system has been built specifically
foroptical spectroscopy from the UV to the NIR.
Discover how Roper Scientific uses a solutions-based
approach, extensive engineering capabilities, and responsive

support to help you go beyond imaging.

@

ROPER SCIENTIFIC

PRINCETON INSTRUMENTS
Call or write for more information.

3660 Quokerbridge Road Trenton, NJ 08619 tel: 609.587.9797 fax: 609.587.1970
emoil: info(@roperscentificcom web: www.roperscentificcom




Light Shaping Diffusers

¢ High transmission efficiency (up to 92%) e Controlled light distribution (0.2° to 95°)
* Homogenized light ® Mass produced technology

fmph al Optics Corporatio
ysical Optics Corpon n,{///

Ph:(310) 320-3088 Fax:(310) 320-8067 Web: www.poc.com

Manufactured under U.S. patent nos. 5,365,354; 5,534,386; 5,609,939; 5,631,754, 5,629,996 and other patents pending
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Want to get a grip on IR?

Quality test equipment is within your grasp.

@
Electro Optical

Industries, Inc.

859 Ward Drive « Santa Barbara, CA 93111-2960 « 805-964-6701 « Fax 805-967-8590
www.electro-optical.com

DEFINING INFRARED
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aPIE

The Power of Light

SPIE Technical Groups

SPIE technical groups provide a valu-
able means to connect and interact with
colleagues having common technical
specialty interests. Membership is open
to all, with SPIE members receiving a
discounted membership fee.

Technical group members receive
annual directories that include member
e-mail, fax, phone, and address informa-
tion; a subscription to OF Reports, SPIE’s
monthly membership newspaper; regu-
lar communication via a special section
of OE Reports; periodic newsletters for
specific group addresses to technology-
specific listservs and other on-line ser-
vices; discounts on conferences, short
courses, and publications; and an annu-
al meeting at an SPIE symposium.

If you're looking at research and
development in associated fields, techni-
cal group membership is a cost-effective
way to gain immediate access to a world-
wide body of experts already working in
the target technology.

If you’re working with a new technol-
ogy, technical group membership can
help introduce you to hundreds of oth-
ers working in your field. SPIE develops
new partnerships and organizations to
provide additional benefits to each tech-
nical group.

If you believe in sharing information
to inspire technological advances, then
SPIE technical group membership is for
you. Sign up on line (www.spie.org/
membership.html) for these technical
groups: Adaptive optics; BACUS—pho-
tomask technologies; International Bio-
medical Optics Society (IBOS); Women
in optics working groups; Electronic
imaging; Fiber optics; Healthcare engi-
neering and technology policy (HETP);
High-speed photography, videography,
and photonics; Holography; Laser com-
munications; Lens design; Noninvasive
inspection technologies; Optical process-
ing and computing; Optical materials;
Optomechanical and precision instru-
ment design; Penetrating radiation; Pho-
tolithography; Robotics and machine
vision; Smart structures; Thermal infrared
sensing for diagnostics and control
(Thermosense); and X-ray and UV optics.

Contact SPIE for more information:
www.spie.org; spie@spie.org;
phone 360-676-3290.

Photonics Tech Briefs, March 2000
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fium? Drink milk. But if you want pure polymers— plus service with a
| Zeon representative today. Around the world you'll find our plants and
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Great Range:

# 320mm with FRI105BC

Features:

« Backlit LCD Digital Display

+ Auto Sensing/Teaching/Locking

+ External Teaching Input

+ Light-on/Dark-on Selectable

¢ Timer Function Selectable

¢ Available with Red, Green
or Blue LEDs

Response Time:

+ 500 psec

Built-in bonus:

# Built-in Self Diagnostic

# Built-in Interface Protection

# Built-in Short Circuit Protection

WWW.pulnix.com
PULNiX America, Inc.
1330 Orleans Drive, Sunnyvale, CA 94089
Tel:(408) 747-0300 & Fax:(408) 747-0600

1-800-445-5444
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Photonics Tech Briefs

Readers' Choice Product of the Year

Readers’ votes for Photonics Tech Briefs’ Third Annual Product
of the Year Awards have been tallied, and the winners are:

~Bold Winner

e

and Product of the Year Winner

Lambda Physik (Ft. Lauderdale, FL) ScanMate™ OG,
a complete spectroscopy system for critical work in the UV,
visible, and near-IR, continuously tunable
from 320-1036 nm

Silver Winner

Synrad (Mukilteo, WA) FH Series CO, laser marking system
with a galvanometer-based scanning head, marking
software, focusing lenses, mounting assemblies,
and power meters

‘Branze Winner

Meller Optics (Providence, Rl) high-precision optical domes
for protecting sensors and detectors from water, chemicals,
particles, debris, and corrosive materials

Other finalists include Siemens Microelectronics (Cupertino, CA) stack-
able high-power laser diode bars, TUIOptics GmbH (Munich, Germany)
blue external cavity diode laser, and Spectra-Physics (Mountain View, CA)
Mai Tai"” tunable Tisapphire femtosecond laser source

Winners were chosen by reader vote on Photonics Tech Briefs’ web site
from among the six Products of the Month nominated by the editors dur-
ing 1999. The awards were presented to the winning companies at a recep-
tion cosponsored by Photonics Tech Briefs and SPIE at Photonics West 2000
in San Jose in January.

www.nasatech.com
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Optical Design Software

ZEMAX is the perfect tool to layout, design, optimize, analyze, and tolerance refractive, reflective, diffractive,
sequential, or non-sequential optical systems. ZEMAX is simple to use, powerful, and affordable. See our web
site, www.zemax.com, for a demo version and detailed discussion of ZEMAX features!

ZEMAX-SE: $1,000
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Hitting
the
Deck
with

High-Speed

Motion analysis contributes to the quest
for impact-tolerant products.

Suresh Goyal, a mechanical engineer in the
Wireless Packaging Research Department
of Bell Labs, positions the HS motion ana-
lyzer Model 4540 to capture high-speed
digital imagery.

8a

igh-speed motion analysis has
emerged as an important tool
for product reliability engi-
neers. At Lucent Technologies’ Bell
Labs, for example, it is used in research
on packaging of reliable, impact-toler-
ant components for communications
products.

Reliability is a critical measure of qual-
ity in high-tech communications prod-
ucts, and Lucent supplies components
to manufacturers of portable electronic
devices for which impact tolerance —
surviving accidental drops and impacts
— is not only a valuable attribute but a
major selling point.

Portable electronic devices offer
mobility. But with mobility comes risk.
Cellular phones, notebook computers,
personal digital assistants and pagers
drop to the floor or are bumped against
unyielding objects every day. Yet users
expect them to continue operating.

That’s where the work of such
researchers as Suresh Goyal comes in.

www.nasatech.com

Goyal, a member of the technical staff in
the Wireless Components and Pack-
aging Research department at Bell Labs
in Murray Hill, NJ, analyzes products
and studies how impacts affect them. He
then works with designers to improve
the impact tolerance of products. Bell
Labs, whose scientists are responsible for
many of the greatest inventions of the
past century, from the transistor to the
laser and cellular telephony, is the
research and development arm of
Lucent Technologies.

Iimpact-induced Loads

During impact testing, the force on a
portable device such as a cellular phone
may range from hundreds to thousands
of g’s (1 g is the acceleration of an object
because of gravity) over the course of
several milliseconds. As a result, the
product’s housing may become de-
formed or come apart, and such fragile
components as ceramic substrates or lig-
uid crystal displays may fracture.

Photonics Tech Briefs, March 2000
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new |Q-12004B DWDM Passive Component Test System. It is fast, accurate,
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High-speed digital photography allows Lucent product and
packaging engineers to immediately see weaknesses in
product design that lead to product flexing and deformation,
according to Goyal.

“A  dropped portable
electronic device is most
likely to strike the floor
at an angle,” Goyal
said. “First one corner
touches down, then the
object rotates, and other
corners bounce and
clatter. The result is that
the ends of the product
strike at much higher
velocities and receive
much more powerful
impacts than the initial
drop would lead you to
expect.”

The most common
approach to protecting
portable electronic equip-
ment against such impact
forces comes in the form
of plastic housings with
extra-thick walls, numer-
ous screws, snaps, and
hooks to hold the casing
together, and extra space
between components.
But in communications,
the market demands
small, lightweight prod-
ucts. So designers must
find other ways to protect
the delicate internal elec-
tronics.

Are You an
INSIDER?

Read about it FIRST in the INSIDER, the free e-mail

newsletter from NASA Tech Briefs.

Exclusive previews of upcoming articles...late-breaking
NASA and industry news...hot products and design
ideas...links to online resources...and much more.

Sign up today at www.nasatech.com

Look for this button at the top of the home page.
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The Role of High-Speed
Imaging

To observe and record the complex
sequence of events in impact testing,
Goyal employs a high-speed camera—
preferably one that can record from
1000 to 10,000 frames per second.
“The higher the frame rate, the better.
The higher the time resolution, the
greater the information we have to
work with,” he explains.

At present Goyal is using the high-
speed motion analyzer Model 4540 from
Roper Scientific MASD (formerly
Eastman Kodak Company’s Motion
Analysis Systems Division). The imager
captures up to 4500 full-frame gray-scale
images per second at 256 x 256 pixels
and up to 40,500 partial frames at lesser
resolutions. Typically, he uses the analyz-
er at 4500 to 18,000 frames per second.

The high-speed motion analyzer cap-
tures an event digitally in dynamic RAM.
The sequence of images can then be
saved to a hard disk or written to CD,
like any computer data, or recorded on
analog videotape. A direct digital inter-
face from the analyzer’s CPU to a desk-
top computer makes it simple to store
the images for later review and quantita-
tive analysis using a computer.

Using the high-speed digital motion
analyzer to document and study impact
testing lets Goyal frame the shot, record,
and view the image series in minutes. If
he wants to see different views of the
impact event, he can stage the experi-
ment again until he succeeds in getting
the scenes he wants.

The high-speed motion analyzer he
uses, configured with 1536 megabytes
of DRAM, can capture and store 24,576
frames (5.46 seconds of recording at
4500 frames per second). Out of that
total, only a few hundred capture the
impact event. The lab’s previous digi-
tal-motion analyzer could capture only
0.66 seconds of data. The extended
period of capture now makes it much
more likely that the event will be suffi-
ciently recorded in a single attempt,
since it isn’t necessary to synchronize
the event and trigger the motion ana-
lyzer so precisely.

Once the images are captured, Goyal
can review them on a video monitor at a
variety of playback speeds, from real-
time replay to freeze frame. A few mil-
liseconds can be stretched out to
minutes.

Selected frames can be analyzed in
detail. Goyal can choose a subset of the
event—a half dozen frames that cap-
ture the most important moments —
and share them over e-mail with
designers in the next building or thou-
sands of miles away.

Photonics Tech Briefs, March 2000
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This handheld controller provides easy-to-use touch-
pad control over the operation of the Model 4540 motion

analyzer.

Making Sense
of the Images

What do the images
show? The body of a
device with a clamshell
case flexes when it strikes a
surface. It deforms and
buckles, and the top and
bottom halves of the case
separate momentarily.
These are effects that can
be seen and understood
only by viewing the high-
speed images. A second
after a device is dropped,
it may appear completely
normal and unaffected.
Only the digital images
reveal the violence it has
endured.

“The high-speed images
are used to validate analyt-
ical results and to design
modifications,” Goyal said.
The final product design is
tested before commercial
release.

The value of this work
can be measured in the
increased reliability of
products. Greater impact
tolerance means fewer

warranty claims, which translates
directly to the bottom line, and a repu-
tation for reliability in the market-
place.

The value of testing makes even
more sense as the value of the product
increases. Devices with special capabili-
ties and proprietary interfaces may sell
for hundreds or thousands of dollars,
but they are likely to come with an
iron-clad warranty. Whatever happens
to them, the customer can take them
back for replacement. For products
like that, impact tolerance is critical.

The value of impact testing is clearly
more important than ever before.
Impact test data can be used to opti-
mize designs almost from the start of
the design process.

“Equally important, it confirms the
public perception of products as stur-
dy, reliable, and of the highest quality,”
Goyal said. “It’s difficult to put a price
on that.”

For more information, contact Wendy
Telford at Roper Scientific MASD, 11633
Sorvento Valley Rd., San Diego, CA 92121;
(858) 535-2909; e-mail: wendytel.aol.com;
www.masdroperscientific.com.
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Finding €racks and
Checking Out Walnuts

ne of the biggest problems facing

manufacturers of safety-critical
parts is the existence of hard-to-find
defects that can cause catastrophic fail-
ure of materials under stress. An auto-
motive steering knuckle is an example of
a component that can cause serious
injury or death if undetected cracks lead
to mechanical failure, as when a car is
cornering at high speed. Unfortunately,
conventional techniques for finding
cracks in parts all have major drawbacks.
For example, dye penetrant inspection
relies on fluorescent dye that penetrates
into cracks in a surface. When the sur-
face is wiped off, small amounts of dye
left in the cracks will fluoresce. The dye
is toxic, however, and the process takes
time. X-ray imaging can reveal cracks,

Figure 1. Crack detection in a ductile iron cast part.

arid ultrasonics. |

although the technique is expensive and
hazardous, and will not effectively detect
some crack types such as compression
cracks. A compression crack can form
during manufacturing when a part
cracks -at high temperature and the
crack closes up as the part cools, render-
ing the crack nearly invisible.
ThermoSoniX (thermal imaging and
sonic excitation) is a novel nondestruc-
tive testing technique that uses high-fre-
quency sonic excitation, together with
infrared (IR) detection, to image sur-
face and subsurface defects.* This
imaging technique uses a short (50-200
ms) pulse of high-frequency sound, typ-
ically 20-40 kHz, that is applied at some
convenient point on the surface of the
object under inspection to produce

*Patent pending, Wayne State University, Detroit, ML,

www.nasatech.com

localized frictional heating at the
defect. An IR camera images the heat-
ing of the surface resulting from the
effects of friction or other irreversible
internal surface interactions in the
vicinity of cracks or disbonds. These
effects result from the fact that the two
surfaces of internal defects do not move
in unison when sound propagates in
the object. Thus, for instance, the fac-
ing surfaces of a closed crack will
appear as a planar heat source.

A crack in a ductile iron part is shown
in Figure 1, just before ultrasonic stimu-
lation (left). If the crack intersects the
surface, the heat source first appears as a
line in the IR image, as shown in Figure
1 at center. The line subsequently blurs
and broadens into a diffusely heated

Photonics Tech Briefs, March 2000
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region surrounding the original line, as
shown in Figure 1 at right. When the
sound pulse is turned off, the resulting
temperature pattern decays according to
the usual process of thermal diffusion.
This entire process takes place in a frac-
tion of a second, enabling high-speed
automated defect inspection.

Note that these images have not been
enhanced for contrast. The superb tem-
perature sensitivity of the indium anti-
monide IR camera makes a fraction of a
degree temperature rise stand out in
sharp contrast to the surrounding mate-
rial. Similar images have been obtained
with damaged samples of ceramic, car-
bon, hard plastics, and even walnuts and
pistachios. In fact, any hard material
with a high emissivity in the mid- or
long-wave IR bands can be evaluated.

Indigo Systems Corp. has developed a
ThermoSoniX test station based on
technology developed at Wayne State
University and licensed by Indigo

16a

Systems. The test station, shown in
Figure 2, is primarily intended for hand
inspection of low-volume, high-cost
parts such as aircraft turbine blades. It is
also intended for research and develop-
ment of fully automated ThermoSoniX
inspection systems. The test station con-
sists of the following subsystems:

* A pneumatically actuated ultrasonic
energy source coupled to a hard metal
probe that makes contact with the part
under test;

A mechanical structure that holds the
actuator, ultrasonic probe, camera,
and a platform for the part under test;
An Indigo Systems Merlin mid-
infrared camera that images the part
under test in the 3- to 5-micron wave-
band and transmits 12-bit digital image
data to a digital framegrabber;

A computer hosting the data acquisi-
tion and control system. The test sta-
tion is run by a LabVIEW virtual
instrument (VI) that controls the

www.nasatech.com

Figure 2. ThermoSoniX test station.

pneumatic actuator, the ultrasonic

source, a digital framegrabber, and

the Merlin camera.

For many practical applications, this
new imaging technique has significant
advantages over traditional nonde-
structive inspection methods. It is fast,
wide-area, and sensitive to cracks with
any geometrical orientation. Thermo-
SoniX is not restricted to particular
classes of materials, nor does it have the
radiation or chemical hazards associated
with x-ray imaging or dye penetrants,
respectively.

This article was written by Dr. Austin
Richards, applications engineer at Indigo
Systems Corp., and Prof. Xiaoyan Han of the
department of electrical and computer engineer-
ing, Wayne State University, Detroit, MI. For

further information, contact Indigo Systems at

5385 Hollister Ave., Suite 103, Santa Bar-
bara, CA 93111; (805) 964-9797; fax: (805)
964-7708; e-mail: richards@indigosystems.
com; wuww.indigosystems.com.
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Development of Multimode-Optical-Fiber Imaging Probe

A very thin probe could be used to view a tightly confined object.

NASA’s Jet Propulsion Laboratory, Pasadena, California

A developmental electro-optical system
would enable remote real-time viewing of
a scene through a multimode optical
fiber, as though the fiber were a conven-
tional image-transmitting optic like a lens
or prism. The system is intended to be a
prototype of fiber-optic imaging probes
that could be made very thin and could
be particularly useful as minimally inva-
sive probes in medical diagnosis.

A previous version of

scrambling that occurs during transmis-
sion of the image along fiber 1 from A to
B, so that the image of the object would
arrive unscrambled at B.

The solution would involve the gener-
ation and use of a hologram in a phase-
conjugating crystal (in this case, a pho-
torefractive crystal) at location C during
a calibration phase of operation. First, a
flat mirror would be placed facing the

of light from C back to A, then back to
B. If the mirror were replaced by the
object to be viewed, then the reverse-
propagating light would illuminate the
object and the image of the object would
spatially modulate the reverse-propagat-
ing beam, such that an undistorted
image of the object would appear, upon
completion of reverse propagation and
unscrambling, at B.

One obstacle to im-

the system was des-
cribed in “Multimode
Optical Fiber as Ima-
ging Probe” (NPO-
19671), NASA Tech
Briefs, Vol. 22, No. 2
(February 1998), page
2la. Both versions were
conceived to address B
the following issue: It T
would be desirable to

Input lllumination for
Making Hologram

L —Object To Be Viewed

1 Microelectromechanical
e b Fabry-Perot Interferometer

A
tical Fiber 2
e

-

Optical Fiber

Reference Beam (Used
in Making Hologram)

plementation is that
exposure of the crystal
to the reverse refer-
ence beam during the
readout phase of oper-
ation would gradually
erase the hologram.

1 Thus, the photorefrac-
Phase- tive crystal material
Conjugating | should be one that has
WP a long characteristic

'y

use an optical fiber as an Light COI"e‘:‘I"'"Q ' erasure time, and one
imaging probe or imag- o o Oblmmage At Ak must complete the
ing optic. Ordinarily, it Beam (Used for Readout) readout well within

would not be possible to

that time. The prime

do this because image
information would be-
come distorted (scram-

A Hologram Would Be Generated in the Crystal at C during calibration. During readout, the
object at A would be viewed at B by exploiting phase conjugation at C to reverse the scram-
bling that occurs during propagation along the optical fibers. The microelectromechanical
Fabry-Perot interferometer would make it unnecessary to replace the object with a mirror

candidate photorefrac-
tive material is BaTiOs,
in which erasure lags by

bled) during propaga-
tion along the fiber. The
developmental system would make it pos-
sible by exploiting phase conjugation to
reverse the scrambling.

The system (see figure) would include
two multimode optical fibers, which
would be terminated side by side at one
end (location A) facing an object that
one seeks to view. In the previous ver-
sion, the tips of the fibers would face the
object directly across a gap of width s. In
the present version, a microelectro-
mechanical Fabry-Perot interferometer
(for use as described below) would be
interposed between the tips of the fibers
and the gap s. To ensure the coupling of
sufficient phase information into and
out of the fibers, the gap must very nar-
row; specifically, s << IP/4, where D is
the aperture diameter of a fiber and A is
the wavelength of the light.

A source of light (in this case, a laser)
at location C would illuminate the object
via fiber 2. An observer at location B
would attempt to view the illuminated
object through fiber 1. The problem is
to predistort the illumination (pre-
scramble the amplitudes and phases of
the fiber-optic waveguide modes of the
illuminating electromagnetic field) in
such a way as to compensate for the

during calibration.

18a

tips of the optical fibers at location A,
where the object would later be placed
for viewing. A source of light would be
placed at B, where the observer would
later be stationed. Light from this
source would travel through fiber 1 to
A, where it would be reflected into fiber
2. Upon emerging from fiber 2 at C, the
light would enter the crystal. At the
same time, the crystal would be illumi-
nated with a reference (plane-wave)
beam of light. Interference between
the reference beam and the light
emerging from fiber 2 would produce
the desired hologram via the photore-
fractive effect. The hologram would
encode the information about scram-
bling in both fibers 1 and 2.

Once the hologram had been gener-
ated, one could exploit the phase-conju-
gation principle to reverse the propaga-
tion of the optical signal and thus
reverse scrambling during a readout
phase of operation. The crystal would be
illuminated with the phase conjugate of
the reference beam (in essence, a beam
of the same wavelength propagating
along precisely the reverse of the path of
the reference beam); this would cause
reverse-propagation with unscrambling

www.nasatech.com

1 to 20 seconds.

Another obstacle to
implementation is the need to place the
flat mirror and then the object of inter-
est at location A. In a real-time-viewing
application, it would be necessary to
switch repeatedly between the flat mir-
ror and the object of interest in order to
alternate the calibration phase with the
readout phase. The microelectro-
mechanical Fabry-Perot interferometer
would make it possible to leave the
object of interest in place and would
make it unnecessary to use a separate
mirror. Instead, the interferometer
could be switched electrically between
(1) a state of total reflection, in which
the interferometer itself would serve as
the mirror for calibration; and (2) a
state of total transmission, in which light
would be coupled between the fibers
and the object of interest during read-
out. An additional advantage of this con-
cept is that microelectromechanical
Fabry-Perot interferometers could be
fabricated at low cost.

This work was done by Deborah Jackson of
Caltech for NASA’s Jet Propulsion
Laboratory. For further information, access
the Technical Support Package (TSP) free on-
line at wwuw.nasatech.com under the
Physical Sciences category. NPO-20429
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Generating Synchronized WDM Pulses in a Nonlinear Optical Fiber

Cross phase modulation can be exploited to generate WDM synchronized pulses at reduced cost.
NASA’s Jet Propulsion Laboratory, Pasadena, California ‘

Pulse shepherding (defined below)

can be exploited to impress synchro-
nized amplitude-modulation pulses,
with durations of the order of picosec-
onds, onto beams of light with different
wavelengths that propagate together
along a single-mode nonlinear optical
fiber. This is significant because synchro-
nized picosecond pulses on wavelength- Time Time
division-multiplexing (WDM) light
beams will be essential for the operation
of future ultrafast bit-parallel data-com-
munication systems. In comparison with

Time Time

INPUT OUTPUT (After Propagation
Along Optical Fiber)

High-Power Shepherd
Pulse at Wavelength
of 1,535 nm

Intensity
Intensity

Initially CW Beam at
Wavelength of 1,557 nm

Intensity
Intensity

the customary use of an array of mode-
locked lasers to generate synchronized
picosecond pulses on WDM beams, the
pulse-shepherding approach is simpler
and more economical.

Pulse shepherding is a nonlinear

signal-propagation phenomenon attri-
butable to cross phase modulation,
which is an interaction between co-
propagating light beams that arises
from a nonlinearity in the response of
the fiber-optic material. In particular,
the cross phase modulation arises from

These Oscilloscope Traces were obtained in experiments in which shepherd pulses of 60-ps duration
and peak power somewhat greater than 200 mW were launched into a 20-km-long single-mode, dis-
persion-shifted optical fiber along with 33-mW CW laser beams.

the intensity dependence of the index
of refraction.

Pulse shepherding is so named
because it involves the use of one pulse

(denoted the shepherd pulse) to “herd”
together a number of other pulses that
propagate along with it. In the present
application, the shepherd pulse is also
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used to generate the other copropagat-
ing pulses. The shepherd pulse — in this
case, a high-power picosecond pulse —
is launched into a single-mode optical
fiber, along with a number of low-power
continuous-wave (CW) beams. The high-
power shepherd pulse and the copropa-
gating low-power beams all have differ-
ent wavelengths.

At the input end of the optical fiber,
the low-power beams are unmodulated.
However, as the beams propagate along
the fiber, the cross phase modulation
causes the low-power beams to become
increasingly amplitude-modulated by

pulses that travel along with the shep-
herd pulse. For each low-power beam,
the amplitude modulation is either a
brightening pulse or a darkening
pulse, according to whether the coeffi-
cient of group-velocity dispersion of
the optical fiber at the beam wave-
length is negative or positive, respec-
tively (see figure). The magnitude of
the modulation of each beam at the
output end of the fiber depends on the
magnitude of the dispersion coeffi-
cient, the length of the fiber, the coef-
ficient of the nonlinearity that affects
the index of refraction, the coefficient
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of absorption in the fiber at the given
wavelength, “walk-off” among the vari-
ous pulses, and other factors.

This work was done by Larry Bergman,
Cavour Yeh, John Michael Morookian, and
Steve Monacos of Caltech for NASA’s Jet
Propulsion Laboratory. For further infor-
mation, access the Technical Support Package
(TSP) free on-line at www.nasatech.com
under the Physical Sciences category.
NPO-20498

Cancellation of

Laser Noise in an
Unequal-Arm

Interferometer

Exact cancellation is achieved
by double differencing and
cross time shifting.

NASA’s Jet Propulsion Laboratory,
Pasadena, California

A method of processing phase mea-
surements in an unequal-arm laser
Michelson interferometer makes it possi-
ble to detect phase effects much smaller
than the laser phase noise. In the original
application for which the method has
been proposed, the interferometer, used
to detect gravitational waves, would be
based on three spacecraft flying in an
approximately equilateral triangular for-
mation with arm lengths of the order of
5 X 10° km. In principle, the method
could also be utilized in other applica-
tions in which one seeks to measure rela-
tive lengths interferometrically with high
precision and the interferometer arm
lengths cannot be made equal.

In an interferometer of the type to
which the method applies, a laser at corner
A of the triangular formation transmits a
beam of nominal frequency v, along leg 1
(of length L1) to corner B and along leg 2
(of length 1.2) to corner C. Lasers at B and
C use the phase of the light arriving from
A for coherent transmission of light back
to A. For each leg, the phase or frequency
change in the light returning to A is mea-
sured. This measurement includes contri-
butions of laser phase noise, phase noise
from secondary sources, and the phase
effect of interest. Typically, the phase effect
of interest is associated with a Doppler
effect caused by changing arm length
and/or a gravitational wave that crosses
the interferometer.

The laser is the main source of phase

Photonics Tech Briefs, March 2000
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In this Unequal-Arm Interferometer, laser light is
sent from A to both B and C, from whence it is
transponded back to A.

noise. Conventionally, one desires equal
arm lengths because in that case, the
laser-phase-noise components of the
measurements for the two arms are
equal, making it possible to cancel the
effect of laser phase noise by subtraction.
The resulting relative-phase information
can be much more precise than the raw
laser phase noise would otherwise allow.
If the arm lengths are not equal, then
simple subtraction does not result in can-
cellation of the laser phase noise and, as
a consequence, the desired measure-
ment can be severely degraded.

In the present method, one records the
interference of the outgoing and incom-
ing light for each of the two arms as a func-
tion of time. One also takes account of the
fact that for each arm 7 (i = 1 or 2), the
laser phase noise in the light returning at
time t equals the phase noise in the light
that was transmitted at time ¢t - 2L/¢,
where ¢ is the speed of light. Let the time
series of phase-difference measurements
for the ith arm be denoted by z. One can
synthesize a double-difference time series
Z(?t) in which the data for each arm are
time-shifted by the round-trip propagation
time in the other arm:

Z(t) = [a1(t=2Ly/ ) = u(D)]
= [z(t=2L,/¢c) = %(t)].

By inserting the explicit time depen-
dences for the two arms in this equation,
one can readily show that the laser-phase-
noise terms cancel exactly, even when L, #
Ly; the only terms that remain are those
for the phase effect of interest plus noise
from secondary sources.

Of course, the success of this approach
depends on the approximate knowledge
of L, and L,. Provided that L, and L, are
known with sufficient accuracy, the preci-
sion of the phase measurement is limited
only by the phase noise from secondary
sources, which can be reduced as much as
100 to 200 dB below the laser phase noise.

This work was done by Massimo Tinto and
John Armstrong of Caltech for NASA’s Jet
Propulsion Laboratory. For further informa-
tion, access the Technical Support Package
(TSP) free on-line at wunw.nasatech.com under
the Physical Sciences category. NPO-20611
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Tunable, Single-Frequency, Fiber Fabry-Perot VCSELSs

Operation has been demonstrated at wavelengths of 850 and 1,300 nm.
Goddard Space Flight Center, Greenbelt, Maryland

The figure depicts several aspects
of a unique type of vertical-cavity
surface-emitting lasers (VCSELs)

Muttiple-Quantum-Well Gain Region

that incorporate fiber Fabry-Perot
(FFP) optical cavities. These lasers

have been designed to be compact,
compatible with optical fibers,
capable of single-frequency opera-

Airgap
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tion, and tunable. Lasers of this
type that operate in frequency
bands centered at wavelengths of

\

about 850 and about 1,300 nm have
been demonstrated.

In a laser of this type, a partial
VCSEL and an FFP are incorporat-
ed with other optical components
in a hybrid structure. The partial
VCSEL is of a half-cavity design
that features (1) a semiconductor

OQutput Mirror
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INPUT-OUTPUT COUPLING FOR OPTICAL PUMPING

single-mode-optical-fiber/glass-
ferrule subassemblies. The com-
bination of the half-cavity VCSEL
and the output mirror on or in
the fiber constitutes a fiber Fabry-
Perot surface-emitting laser (FFP-
SEL). Wavelength tuning is
achieved by using a piezoelectric
transducer to change the length
of the airgap.

An 850-nm laser of this type is
electrically pumped. A 1,300-nm
laser of this type is optically
pumped at a wavelength of 980
nm; in this case, the single-mode
optical fiber is connected to a
980-nm/1,300-nm wavelength-
division multiplexer (WDM) to
enable both continuous pump-

distributed Bragg reflector (DBR)
as the mirror on the surface oppo-
site the emitting surface and (2) a
multiple-quantum-well (MQW) gain
region with an uncoated emitting sur-
face. An airgap separates the emitting
surface of the MQW from the end facet
of a single-mode optical fiber that is held

A Surface-Emitting Laser in a Fiber Fabry-Perot Cavity can operate in a
single mode and can be tuned in wavelength by adjusting the airgap.

in a glass ferrule. The output mirror is a
dielectric one that can be either deposit-
ed on the end facet of the fiber or else
embedded within an optical-waveguide
assembly that comprises two collinear
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ing at 980 nm and output cou-
pling at 1,300 nm.

Both the 850- and the 1,300-
nm lasers have been shown to be capable
of singlelongitudinal-mode, single-trans-
verse-mode, and single-polarization-state
operation. Tests have shown that the 850-
nm lasers are continuously tunable over a
wavelength range =10 nm wide, and that
their output power levels range up to
about 1 mW. The 1,300-nm lasers in which
the output mirrors are on the ends of the
single-mode optical fibers have been
shown to be capable of continuous tuning
over a wavelength range =40 nm wide,
with output power levels up to tens of
microwatts. The 1,300-nm lasers in which
the mirrors are incorporated into the sin-
gle-mode-optical-fiber waveguides have
been shown to be capable of tuning over a
wavelength range slightly less than 10 nm
wide, with output power levels up to about
400 pW; the optical-waveguide mirrors
clearly exhibit the advantage of mode-
field confinement. By use of a FFP scan-
ning interferometer with a resolution of
about 42 MHz, the spectral line width of a
1,300-nm laser with an optical-waveguide
mirror was determined to be <260 MHz.

This work was done by Kevin Hsu and
Calvin M. Miller of Micron Optics, Inc., for
Goddard Space Flight Center. For further
information, access the Technical Support
Package (TSP) free online at www.nasatech.
com under the Electronics Components category.

This invention is owned by NASA, and a
patent application has been filed. Inquiries
concerning nonexclusive or exclusive license
for its commercial development should be
addvressed to the Patent Counsel, Goddard
Space Flight Center; (301) 286-7351.

Refer to GSC-14249.
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Alloy Casting Produces New Mirror

Technology

The results are achieved with no heat treating.

Advanced Optical Systems, Inc.

Under a Phase 1 Small Business

Technology Transfer (STTR) award of

$99,000 with Goddard Space Flight
Center, Advanced Optical Systems Inc.
(AOS) has produced a 13.5-kg/m* 6-in.-

AOS's 13.5-kg/m2 6-in. mirror.

diameter mirror flat to 1 wave peak to
valley (0.2 wave RMS) with no heat treat-
ment. Many known techniques, such as
heat treating, thermal cycling, and finite
element analysis can further improve
the mirror's merit characteristics. The
surface microroughness achieved was
30-40 angstroms RMS.

AOS teamed with Oak Ridge National
Laboratories (ORNL) for the STTR, tak-
ing advantage of past relationships and
residual mirror technologies in place
from the MODIL program. AOS and
ORNL plan a Phase II follow-on to build
a (.6-meter primary and a complete tele-
scope using the Phase I technology. The

goal is areal density <6 kg/m?* in Phase
II along with further improvements in
material properties.

The new technology has yet to prove its
merit among the beryllium and silicon-

Open-back cast substrate for the mirror.

carbide mirror technologies. AOS's inno-
vation is the casting of an aluminumssili-
con alloy to nearnet shapes and plating
them with electroless nickel (<0.7 coeffi-
cient of thermal expansion mismatch) to
produce the high-performance optical
surface at low cost. The AlSi alloy is
vanasil. Material properties are low coef-
ficient of thermal expansion, very high
microyield, and low deformation.

For more information contact Thomas M.
Cantey, lead scientist at Advanced Optical
Systems Inc., 2702 Triana Boulevard S.W,,
Suite A, Huntsuville, AL 35805; (256) 536-
5960; fax: (256) 536-5966; e-mail: cantey@

Qa0S-INC.COM; WWw. A0S-iNc.com.

Filterless Si-Based Ultraviolet-Selective

Photodetectors

These detectors are relatively inexpensive, compact, and
readily integrable with silicon-based circuitry.

Stennis Space Center, Mississippi

Monolithic semiconductor photodi-
odes that discriminate against infrared
and visible light and that can be tailored
to detect ultraviolet light in selected
wavelength bands have been invented.
These devices could serve as ultraviolet
sensors in such instruments as hydro-
gen- and hydrocarbon-flame detectors,
dosimeters for monitoring exposure to
ultraviolet in industrial processes, and
instruments for measuring ultraviolet in

Photonics Tech Briefs, March 2000

sunlight to monitor the ozone content
of the upper atmosphere.

These photodetectors are made from
silicon or combinations of silicon and sil-
icon carbide, and therefore can readily
be monolithically integrated with sili-
con-based electronic readout circuitry.
They are relatively compact and inex-
pensive alternatives to previously devel-
oped ultraviolet detectors that (1) must
be equipped with expensive, bulky
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LINEAR ARRAY OF PHOTODETECTORS WITH DIFFERENT LONG-WAVELENGTH CUTOFFS

The Layer Thicknesses and Materials are the primary determinants of the spectral responses of pho-
todiodes of this basic photodiodes configuration. A monolithic array of such photodiodes can serve as
a multiple-wavelength-channel detector for a spectrometer.

monochromators or optical interference
filters to obtain the desired wavelength
selectivity, or (2) incorporate GaN- or
GaP-based photodiodes, which are
expensive to fabricate and cannot be
monolithically integrated with silicon-
based readout circuitry.

The upper part of the figure shows a
simplified cross section of a representa-
tive device according to the invention.
The device is fabricated on a silicon-
on-insulator (SOI) or a SiC-on-SOI
(SiC/SOI) substrate. A buried insulating
layer made of silicon dioxide divides the
substrate into a relatively thin active Si or
SiC upper section and a relatively thick
passive lower section made of silicon.
The depth at which the insulating layer
is buried determines the thickness of the
active upper section and thus, as
described below, affects the wavelength
selectivity of the device.

A photodiode is fabricated in and on
the upper section of the substrate. If, for
example, the upper section of the sub-
strate is made of p-doped silicon, then
the photodiode includes a layer of n-
doped silicon formed in the upper sec-
tion. One of the ohmic contacts for the
photodiode, in the form of a ring, is
deposited on the n-doped silicon layer.
The other ohmic contact — a wider ring
that surrounds the first-mentioned ring
— is formed on top of the p-doped
upper section. Optionally, an antireflec-
tion coating is applied to the top surface
of the photodiode in the area enclosed
by the contact ring.

In operation, the absorption of inci-
dent photons in the photodiode gives
rise to paired electrons and holes, which
become separated at the p/n junction.
Thus, photocurrent is generated across
the junction. The photocurrent can be

measured by use of external circuitry
connected to the ohmic contacts. The
long-wavelength cutoff (the maximum
wavelength for photons to excite pho-
tocurrent) and the quantum efficiency
of the device as a function of wavelength
depend on the thickness (or the thick-
nesses of the sublayers) of the upper sec-
tion of the substrate and on band gap(s)
of the photodiode material(s) (Si
and/or SiC). A monolithic array of such
devices, with different uppersection
thicknesses and thus different spectral
responses, can be fabricated for use in a
spectrometer.

Those photons that pass through the
photodiode without being absorbed
strike the insulating layer. Preferably, the
device should be designed so that (1)
photons with wavelengths greater than
some cutoff wavelength (which may or
may not be the same as the cutoff wave-
length for excitation of photocurrent)
pass through the insulating layer and are
dissipated within the lower section of the
substrate, while (2) photons with wave-
lengths shorter than the cutoff wave-
length are reflected by the insulator back
through the diode to provide another
opportunity for absorption, thereby
increasing the quantum efficiency and
electrical output of the device.

This work was done by Nader M. Kalkhoran
and Fereydoon Namavar of Spire Corp. for
Stennis Space Center.

In accordance with Public Law 96-517, the
contractor has elected to retain title to this inven-
tion. Inquiries concerning rights for its commer-
cial use should be addressed to Nader Kalk-
horan, Spire Corporation, One Patriots Park,
Bedford, MA 01730-2396; (781) 275-6000.

Refer to SSC-00072, volume and number
of this NASA Tech Briefs issue, and the
page number.
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Improved Cross-Correlation Dynamic-Light-Scattering Method
Contributions from multiple scattering are suppressed to increase signal-to-noise ratios.
John H. Glenn Research Center, Cleveland, Ohio

A dynamic-light-scattering (DLS)
method that reduces undesired contri-
butions from multiply scattered pho-
tons has been invented. The method
involves, among other things, cross-cor-
relation processing of the outputs of
two photodetectors aimed along inter-
secting, nearly parallel lines of sight.
This present method can be character-
ized as an improved version of the
method described in “Multiple
Scattering Suppression in Laser Light
Scattering” (LEW-16517), NASA Tech
Briefs, Vol. 23, No. 11 (November 1999),
page 14a.

The various DLS methods constitute
various implementations of the concept
of extracting information on the sizes
and motions of lightscattering particles
from the spatial and temporal depen-
dence of the loss of coherence of scat-
tered laser light. Typically, the particles of
interest are suspended in liquids and are
in Brownian motion, so that scattering of
laser light from the particles gives rise to
a temporally varying speckle pattern.

\ Vat of Index-of-
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Scattered Laser Light enters two adjacent optical fibers attached to photodetectors. Cross-correlations
of the outputs of the photodetectors are obtained for several different values of 8. The resulting data
can be used to select a value of 6 for best discrimination against multiply scattered photons.

The underlying physical principle
makes it necessary to measure only
singly scattered photons in order to be
able to determine particle sizes and
motions. However, the speckle pattern
is a result of both multiple and single

scattering, and photodetectors are
unable to distinguish between singly
and multiply scattered photons. Thus,
there is a need to design a light-scatter-
ing apparatus and to process the pho-
todetector outputs in such a way as to
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suppress the contribution of multiply scattered photons
arriving at the photodetectors. The present method satisfies
this need.

A typical apparatus used in the present method, shown in
simplified form in the figure, is similar to the apparatus
described in the noted prior NASA Tech Briefs article. A laser
beam is aimed horizontally through a vertically oriented
cylindrical sample cell containing the particles of interest
suspended in a liquid. Optionally, the cell can be placed in a
vat of another liquid, the index of refraction of which approx-
imates that of the liquid in the cell. The laser beam is focused
to a waist at the middle of the cell or at any other desired
depth within the cell.

Two optical fibers with gradient-index-of-refraction (GRIN)
lenses at their input ends are positioned with their input ends
close to each other and aimed toward the beam waist (the
nominal scattering volume) to receive light scattered from
the beam axis to a chosen angle, ¢, in the horizontal plane.
The value of ¢ can be chosen conveniently to be 90°, but a dif-
ferent value can just as well be chosen to suit a specific appli-
cation. The tip of one fiber is placed a short distance above
and the receiving tip of the other fiber a short distance below
the lightscattering (nominally horizontal) plane, thereby
forming a small angle, 8, between the lines of sight from the
two input fiber tips to the center of the nominal scattering
volume. The positions of the fiber tips can be adjusted, by use
of a micrometer-driven mechanism, to adjust the angle 6. The
output ends of the fibers deliver the collected light to pho-
todetectors.

Preferably, a polarizing filter is placed between the sample
and the input fiber tips. The filter is oriented for polarization
that is either parallel or perpendicular to the plane of polar-

ization of the incident laser beam. Although scattered light of

both polarizations includes contributions from multiple scat-
tering, only the parallel-polarized light contains a contribu-
tion from single scattering. Thus, the polarizing filter can be
used to increase the signal-to-noise ratio by serving as an addi-
tional means for discriminating between single and multiple
scattering.

The outputs of the photodetectors are cross-correlated in
such a way as to make it possible to discriminate against the
multiple-scattering contribution to the speckle pattern. The
cross-correlation processing is formulated to exploit the fact
that single-scattering speckle arises from inside of the inci-
dent laser beam and is correlated over an angular range
wider than that of multiple-scattering speckle, which can
originate from anywhere within the sample. Measurements
are made at several values of 8; at each such angular setting,
the outputs of the photodetectors are cross-correlated over a
suitably long interval of time to obtain a single numerical
value for that detector angle. From the resulting ensemble of
cross-correlations at various angles, one can construct a pro-
file that can be used to determine the angular ranges over
which multiple and single scattering predominate and one
can estimate an optimum (or nearly optimum) value of @ to
minimize the multiple-scattering contribution in subsequent
measurements,

This work was done by Bruce J. Ackerson of Oklahoma State
University for Glenn Research Center. For further information,
access the Technical Support Package (TSP) free on-line at
wwuw.nasatech.com under the Physical Sciences category.

Inquiries concerning rights for the commercial use of this inven-
tion should be addressed to NASA Glenn Research Cenler,
Commercial Technology Office, Attn: Steve Fedor, Mail Stop 4-8,
21000 Brookpark Road, Cleveland, Ohio 44135.

Refer to LEW-16781
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CHILLERS/COOLERS
CATALOG

NESLAB's newest product cata-
log features industrial” chillers
and liquid coolers. It includes
features, specifications, and cus-
tomizing options available,
including refrigeration, con-
troller, pump, fluid, heater, and electrical specs. NES-
LAB offers a range of cooling solutions for applica-
tions such as industrial lasers, EDM, plastics, plating,
packaging, chilled rolls, and welding. There is a
NESLAB solution to fit each constant-temperature
application. NESLAB Instruments, PO Box 1178,
Portsmouth, NH 03802-1178; (603) 430-2271; fax
(603) 430-8411; E-mail: neslab@neslabinstruments.
com; http:/ /neslabinc.com.
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MENTS CATALOG

International Light offers
its full-color 1999-2000
catalog describing radiome-
ters, photometers, spectro-
radiometers, detectors, fil-
ters, input optics and cali-
brations. Components are
combined to form light measurement systems cover-
ing a comprehensive range of UV-Vis-IR applications.
Complete technical and system specifications are
included. International Light Inc., 17 Graf Rd.,
Newburyport, MA 01950-4092; (978) 465-5923; fax:
(978) 462-0759; e-mail: ilsales@intl-light.com.
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MINIATURE
DIODE LASERS
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put powers up to
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Reducing the Volume of a Holographic

Data-Storage System

Use of some optical components for dual functions would

enable some shortening.

NASA’s Jet Propulsion Laboratory, Pasadena, California

The size of a holographic data-storage
system could be reduced by a proposed
design modification that calls for
replacement and repositioning of some
optical components and the use of some
of the components to perform dual func-
tions. The modification would enable a
substantial decrease in length with a
small increase in width, yielding an over-
all decrease in volume.

The upper part of the figure schematical-
ly depicts a typical three-dimensional holo-
graphic data-storage system. A laser and a
polarizing beam splitter are used to gener-
ate reference and image light beams, which
are coherent with each other. These beams
are made to interfere with each other in a
holographic storage medium (e.g., doped
LiNbOj). In the simplest case, the reference
and image beams enter the storage medium
perpendicularly to each other. The refer-
ence beam is not modulated on its way to
the storage medium. However, the image
beam is expanded, then the desired image is
impressed on the beam during passage
through a transmissive spatial light modula-
tor. The image beam is then directed
through a first Fourier-transform lens into
the storage medium. During retrieval of a
stored image, the image beam is blocked,
and a second Fourier-transform lens pro-
jects the image onto a charged-coupled-
device (CCD) camera.

The lower part of the figure illustrates
this system as modified according to the
proposal. Among other changes, one of
the lenses would be eliminated and the
second beam-expanding lens would also
serve as the first Fouriertransform lens.
During recording, the image beam would
be modulated with the desired image and
reflected back through this lens by a reflec-
tive spatial light modulator (instead of by a
transmissive one as before). A second
polarizing beam splitter would be placed
between the two beam-expanding lenses;
with the chosen combination of polariza-
tions, this beam splitter would pass the
expanding (rightward-propagating) beam
but would reflect the modulated (leftward-
propagating) image beam downward into
the holographic storage medium. As
before, the reference and image beams
would enter the holographic storage medi-
um at right angles to each other during
recording. As before, a second Fourier-
transform lens would be used during
retrieval of a stored image. In this case, a
conjugate image would be formed and
would be reflected rightward onto a CCD.

This work was done by Kevin Heim of
Caltech for NASA’s Jet Propulsion Labor-
atory. For further information, access the
Technical Support Package (TSP) free on-line
at www.nasatech.com under the Physical
Sciences category. NPO-20347
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The Proposed Holographic Data-Storage System would differ from the conventional system in the
replacement and repositioning of some optical components and the use of some of the components

to perform dual functions.
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Fabricating Small Apertures in Silicon-on-Insulator Wafers

Apertures with features as small as 0.5 pm can be formed repeatably.

Goddard Space Flight Center, Greenbelt, Maryland

Precise small apertures for a variety of
optical applications can be formed in sil-
icon-on-insulator (SOI) wafers by use of
a photolithographic process developed
specifically for the purpose. In compari-
son with the formation of apertures in
standard silicon wafers by previously
developed processes (including pho-
tolithographic ones), the present combi-
nation of SOI wafers and processing
yields apertures of more precise, repeat-
able dimensions.

The figure illustrates a cross section of
a SOI wafer at the major steps of the
process. The starting material is an SOI
wafer that consists of a l1-pm layer of
SiO; sandwiched between a 3-pm layer
of Si and a 600-pm-thick Si substrate.
Vacuum contact photolithography is
used to define apertures as small as 1 pm
in photoresist on the front (3-pm Si)
side. With the photoresist serving as a
mask, reactive-ion etching (RIE) is used
to form a hole completely through the 3-
pm Si layer; by suitable choice of RIE
operating parameters such as the types
of gases, operating pressure, and power,
the hole can be formed with nearly
vertical sidewalls.

Next, the wafer is heated in a furnace
and exposed to an oxygen atmosphere
to grow a layer of silicon dioxide (see
figure). Then by use of back-side align-
ment photolithography (in which fea-
tures on the back side are aligned with
the features on the front side), the
required back-side aperture pattern is
formed in photoresist. In addition, the
front side of the wafer is painted with
photoresist to protect the frontside
SiO; during the oxide-etching step
described next. The portion of the
back-side SiO; not masked by photore-
sist is etched by use of a buffered hydro-
fluoric acid solution. Then the photore-
sist is stripped off.

An anisotropic silicon etch such as
20-percent KOH or tetramethyl ammo-
nium hydroxide (TMAH) is used to
etch the silicon substrate preferentially
along the <111> crystal plane. Then the
front-side SiOs, the back-side SiO,, and
the exposed portion of the buried mid-
dle SiO; layer are etched away by use of
a buffered hydrofluoric acid solution to
create the desired apertures. If neces-
sary for the application, aluminum or
another suitable metal can be deposit-
ed on the front side to make the region
surrounding the apertures opaque.

In a variation of the process, ani-

Photonics Tech Briefs, March 2000

sotropic chemical etch-
ing (instead of RIE) is
used to form an inverted
pyramidal (instead of
the vertical-sided) hole
in the 3-pm-thick Si
layer. This variation is
useful for making arrays
of highly precise square
or rectangular holes.

This work was done by
Sridhar Manthripragada,
Doug Leviton, David Brent
Mott, and Christine Allen
of Goddard Space Flight
Center. For further infor-
mation, access the Tech-
nical Support Package
(TSP) free on-line at
www.nasatech.com under
the Manufacturing/Fabri-
cation category.
GSC-13871

A Silicon-on-Insulator Wafer Is Processed to form precise apertures
with smallest dimensions in the micron or submicron range.

www.nasatech.com
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NEW PRODUCTS

PRODUCT OF THE MONTH

Monolithic X-Ray Digital Camera

PerkinElmer Optoelectronics, Santa Clara, CA,
describes its RID 1024-400 monolithic x-ray digital cam-
era as the first such camera to offer a monolithic active-
detector area equal in size to conventional x-ray film.
The company says that the 41-x-41-cm detector, coupled
with its mega-pixel spatial resolution and 65,000 gray-
scale detectivity, produces images impossible to achieve
using x-ray film. PerkinElmer says that with a complete
image available for viewing in less than half a second,
the user can determine if the captured image is the desired one, and if not take any number of others
without having to once again pose the subject. The electronic capture is Internet-compatible, and com-

patible with all image analysis software and all PCs.

For More Information Circle No. 740

Handheld Infrared
Laser Beam Finder
Pathfinder Laser Products,
Lafayette, CO, calls its Cool-
} Card™ the only handheld in-
frared laser beam finding and spatial mode imaging
product available on the market for lasers beyond 1.7
Mm in wavelength. It uses thermoelectrically tempera-
ture-stabilized liquid crystal technology to resolve IR
laser beams across a span of 0.8-10 um and beyond.
Pathfinder says the device can resolve beams of as lit-
tle as 3 mW/cm* power density, with 4 line-pair/mm
resolution under optimal ambient conditions. It can
be used with a broad range of new and established
laser sources, such as Ho:YAG, Tm,Ho:YLF, broadly
tunable IR OPOs and CO, lasers.

For More Information Circle No. 741

Scan Lenses and
Beam Expanders
Rodenstock Precision
Optics, Rockford, IL,
offers a line of F-Theta
scan lenses and fixed
and adjustable beam expanders in wavelengths for
frequency-doubled, tripled, and quadrupled Nd:-YAG
specifications. F-Theta lenses are available in wave-
lengths from 255 to 1064 nm, including frequency-
doubled (532 nm) and tripled (355 nm) YAG. The
line of fixed beam expanders range in wavelength
from 255 to 1064 nm, with magnification ratios of 1.5
to 20x. The adjustable beam expanders range in
wavelength from 266 to 1064 nm, and have magnifi-
cation ratios of 1 to 8 x.
For More Information Circle No. 742

1625-nm Optical

Loss Test Capability

EXFO Electro-Optical Engineering,
Quebec City, Canada, has added test-
ing for L-band (1570-1610) transmis-
sion to the capabilities of its FOT-920
MaxTester. The automated return loss
test set can now be configured to mea-
sure optical and return loss at 1625 nm. The company
says that instead of limiting DWDM transmission to
the 1550-nm window, service providers are beginning
to use the L-band window to increase the number of
channels on existing physical layers. EXFO's exclusive
FasTesT technology enables dual-wavelength
(1550/1625 nm or 1310/1550 nm) bidirectional loss
testing in less than 30 s at the touch of a single button.

For More Information Circle No. 745

Laser Ultrasonic
Receiver

Lasson Technologies,
Culver City, CA, says its
EMF-500 laser ultra-
sonic receiver is the core of an inspection system
capable of performing process control measure-
ments in hostile environments. The receiver mea-
sures surfaces vibrating with nanometer amplitudes
at megahertz frequencies. Lasson says the instru-
ment can process highly speckled beams from rough
surfaces while rejecting low-frequency noise signals.
Applications include the measurement of tempera-
ture and thickness, as well as flaw detection in parts
at high temperature or translating at high speeds.

For More Information Circle No. 743

Laser Marking System
The new LE series Class I
solid-state desktop marking
system from Laser Marking
Technologies, Lafayette, CO,
uses the company’s own
diode-pumped solid-state laser. According to the
company, this technology enables better beam quali-
ty, eliminates the need for external cooling systems,
and expands the intervals between maintenance by
increasing operation time to as much as 10,000
hours plus. With the same wavelength as the Nd:-YAG
laser, the LE-100SD uses the Nd:YV0, medium,
resulting in higher peak power per wattage, the com-
pany claims.
For More Information Circle No. 744

Versatile Laser
Power Meter

Ophir Optronics, Dan-
vers, MA, announces the
release of the ORION/
TH laser power meter,
which the company says
was designed to meet the growing need for an easy-to-
use low-cost meter that permits quick measurement
of laser power. The ORION/TH supports more than
50 different thermal heads in the microwatt to 20-kW
range. The unit’s “smart” connector heads automati-
cally configure and calibrate the meter when plugged
in. Preferred startup configuration can be set by the
user and stored in the heads' “smart” plugs.

For More Information Circle No. 746

Fiber Channel Cables
C&M Corporation, Wau-
regan, CT, is offering its
QuadClear™ fiber chan-
nel cables for data com-
munications applications.
The cables are designed to enable the interconnec-
tion of storage and other peripheral devices to
processors in workstations and mainframes, particu-
larly in tight bend and motion environments. The
company says its patented Megaflex™ PVC jacket
protects against cut-throughs, is oil-resistant, and
provides a high resistance to flex stress cracking.
C&M says that the cables’ low loss, low jitter, and
sharp rise time result in an excellent bit error rate.
For More Information Circle No. 748

Objective Lens for
UV Viewing
Electrophysics, Fairfield, NJ,
introduces the quartz LQ78F3.8
objective lens designed to view
radiation of wavelengths of less
than 250 nm. The lens has a
fixed focal length of 78 mm, an
aperture range of f/3.8£/22,
and an angle of view of 6.64" diagonal. It is available
with C- and T-mount adapters as well as many single-
lensreflex camera mounts. All surfaces are antire-
flection coated.

For More Information Circle No. 749

www.nasatech.com

Telecentric

Video Lens

The new J54-798
telecentric video lens
from Edmund Indus-
trial Optics, Barring-
ton, NJ, has a con-
stant magnification of 0.5 x with a telecentricity of
0.03 degree. The working distance is 125-150 mm,
which Edmund says means images are dimensionally
accurate over a 25-mm range of focal points. Depth
of field is £3 mm at f/12. The lens is designed to
be used with camera systems that feature 1/2-in. to
2/8-in. CCDs. It comes in a standard C-mount
configuration.

For More Information Circle No. 747

Grazing-Incidence
Plano-Interferometer
Graham Optical Systems,
Chatsworth, CA, says that its
Lazer Grazer Fizeau interfer-
ometer is the first modestly
priced instrument for the
measurement of matte or semi-matte finished sur-
faces. The instrument is configured to show one
interference fringe per wavelength. Its HeNe laser
source operates at 632.8 nm, and it has a 1./20 fused
silica reference flat. The Lazer Grazer is available with
high-speed data reduction using Windows™-based
static fringe or phase analysis. Graham says that the
instrument makes possible the measurement of diffi-
cult unpolished parts of ceramic, graphite, silicon,
tungsten carbide, and silicon carbide.

For More Information Circle No. 750
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What's behind these
optical detector systems?

A way to cut manufacturing costs
and reduce overhead.

Ve/5on -l i

You may know us as the prime source And since
for advanced optical detectors. we have man-
But we also build complete detector ufacturing
systems. Which means your cost savings facilities
can really add up. throughout the &
Our diverse manufacturing capabilities world, you're
allow us to design and produce as much of also assured of
your detector system as proves cost effective economical
for you. So production options.
Photosensor design & fabrication )()ll'.\‘ll‘(‘lf‘ll : All I'ml_n ll!(' oldest and Im‘g(-:s‘l m;mu-‘
engineering facturer of solid-state detectors in the U.S.
Optical design & assembly resources, L.earn how to cut manufacturing costs
. e : . and stream- now —whether you build systems in the
Hybrid circuit design & manufacturing e pur- tens or tens of millions. Just call or write
Optical switches chasing and for our product catalog and capabilities
inventory. brochure today.

Injection molding

PC board design & manufacturin UDT SENSORS, INC. Swmns
g g

(able and harnesses An L2277 Systems, Inc. Company 'csgt?ggg
. 12525 Chadron Ave., Hawthorne, CA 90250 » (310) 978-0516 « FAX (310) 644-1727
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“Not yet...
but we're working on it”

But fiI‘St, we thougnt you'd want the most
amazing infrared camera you could get your hands on. So that’s
where we put our energy. And now you can put

your hands on MERLIN"' the most -

y -
advanced family of IR cameras on ‘f} -
the market today. c"a %C;a

MERLIN™ covers the IR P

spectrum. Imagine, staring detec-

tor technology that lets you ”~

choose InGaAs (0.9pym - 1.7pm),

InSb (3um - 5um), QWIP (8.0pum -9.2um),

or microbolometer (7um - 14pm).

Pick the features and performance \

right for your application. Snapshot

mode operation, variable integration-time

control, and 60 Hz

frame rates provide

fast, high-fidelity data

in dynamic environments.
Real-time 12-bit RS-422

digital and NTSC/S-video analog

outputs are supported and the

extensive camera feature set is

.\‘

acquisition and processing
system for MERLIN™

For More Information Circle No. 498

the industry’s first full
featured near infrared camera incorporating
a 320 x 256 snapshot-mode staring InGaAs
sensor. Perfect for laser diagnostics and
imaging, industrial process monitoring,

gas/flame detection, semi-conduc-
tor diagnostics, environmental
> monitoring, forensic
. science, and chemical
analysis.
& g
\ "~

system.

Visit www.indigosystems.com.

acquisition and processing

Find out more about the
MERLIN™ family today. And
while you're at it, ask about our
ALPHA microbolometer camera.
It sets new standards in small
size, weight and power.
Discover more about our full
of components, systems, and services.

controlled via RS-232
or the easy-to-use
remote button panel.
We offer a complete
line of optics and
options for virtually
every application,
including TALON,
Indigo’s real-time
digital image

At just 8.7 cu. in,
190 grams, and
1.5 watts, Indigo’s
ALPHA is the
world's smallest,
lightest, and
lowest power
long wave
infrared camera.

At Indigo, you'll see everything infrared.

Indigo

SYSTEMS

MERLIN-NIR
320x256 InGaAs
(0.9pm - 1.7pm)

320x256 InSb
(3.0pm - 5.0pum)

MERLIN-LONG
320x256 QWIP
(8.0pm - 9.2um)

MERLIN-BOLO
320x240 pbolometer
(7um - 14pm)

RADIOMETRY
NOW AVAILABLE

MERLIN-LAB

Any Indigo 320x256 Detector

(Pour Filled Dewar)

www.indigosystems.com

5385 Hollister Ave. #103 » Santa Barbara, CA 93111 » Tel. 805-964-9797 » Fax 805-964-7708
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the laws of flight

into submission.

Getting your designs off the ground means working with the laws of motion and gravity. Not an easy task. Luckily, Carpenter can help.

You'll find more than 400 grades of specialty alloys, titanium, impact-resistant ceramics and other advanced materials. Parts forming tech-

nologies that meet your most demanding specs. And a battery of technical experts to conquer any design challenge. More than materials,




Carpenter has unmatched manufacturing expertise, extensive distribution, CAR PE NTER

R&D that never stops. All of which allow you to turn the laws of flight to your

advantage. F tails, call 1-800-654-6543. Or visit www.cartech.com/ae : : .
advantage. For details, call 1-800-654-6543. Or visit www.cartech.com/aero Engineered Materials for a Changing World

DYNAMET « ENGINEERED P TS = SPECIALTY ALLOYS

For More Information Circle No. 512




Reader Forum

Reader Forum is devoted to the thoughts, concerns, questions, and comments of our readers. If you have a comment, a
question regarding a specific technical problem, or an answer to a question that appeared in a recent issue, send your letter

to the address below.

| was hoping to find a computer pro-
gram to investigate the electrostatics of
a bed of needles at a high DC voltage
that are near a grounded surface. This is
for a device that removes water vapor
from air. Clearly, the closer the needles
are to each other, the better. Theory sug-
gests that as the needles become closer
together, the distance to the grounded

surface can be reduced. Experimentally
determining this would be an infinite
task — there must be a computer pro-
gram to do this. Thank you.

Dr. Stuart A. Hoenig

Professor of Electrical Engineering
University of Arizona
hoenig@ece.arizona.edu

20 For More Information Circle No. 411

A previous Reader Forum letter from
Mark Kane requested information on
obtaining Tungsten sheet for an enamel-
ing kiln. The product is available from Alfa
Aesar of Ward Hill, MA. They offer foil
from 0.0002 to 0.080" thick in squares
typically measuring 25 x 50 mm. They
can be reached at 800-343-0660 or at
www.alfa.com

Joe Thoma

Sr. Quality Systems Engineer
Johnson Matthey

West Chester, PA
thomajt@jmusa.com

The December 1999 issue of NASA Tech
Briefs featured an article on NASA's Langley
Research Center’s work in artificial vision
technology to develop a way for diabetes
patients to “see” blood flow (UpFront, p.
14). The web site listed no longer exists,
and | was unable to find any additional
information on the project from the Langley
web site. Thanks for your help.

Robert Crane
robert.crane@afrl.af.mil

(Editor's Note: Robert, you can contact
Langley Research Center’s Office of Public
Affairs (OPA) for more information. They
can be reached at 757-864-6121, or via e-
mail at opa@larc.nasa.gov.)

On behalf of the many, but too often
silent readers of NASA Tech Briefs, | would
like to express my gratitude and apprecia-
tion for the stimulus that you provide in our
high-tech world. As the new millennium
begins, | reflect on all of the wondrous
technologies and products NASA has
spawned, and their contributions to a bet-
ter, albeit more complex, world. | look for-
ward to your continued communication
and inspiration in the new millennium.

Charles F. Comstock
comcharl@pwfl.com

Post your letters to Reader Forum on-
line at: www.nasatech.com or send to:
Editor, NASA Tech Briefs, 317 Madison
Ave., New York, NY 10017; Fax: 212-
986-7864. Please include your name,
company (if applicable), address,
and phone number or e-mail address.
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Let The Computer *
Do Your Reading #

How much time do you spend reading technical g
documents on average? lIs it 20 percent or more? >,
And how much of the information is relevant to your
projects? A fraction? What if your computer could
read everything and actually show you which
documents are most relevant to your projects? ,
Well, now it can— o
with Knowledgist™ from Invention Machine!

oy
s,
Based on breakthrough semantic processing tech-
nology, Knowledgist reads, extracts all key concepts, and <
automatically presents you with a problem-solution index
- greatly accelerating knowledge retrieval for problem-
solving. Reduce weeks of reading to a few hours.

Enhance technical reports with comprehensive refer- 5
ences. Find innovative solutions to your tasks at &

hand. Knowledgist is like having a virtual 24x7 .
research assistant on your desktop. :
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Knowledgist processes on-line text based documents at IMB/minute. It automatically generates Problem

folders containing associated Solutions. It creates a comprehensive index, with descriptions and hyper-
links to the source document, so you can quickly pinpoint the relevant solutions for your problems.

~ e
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Invention

Free Demo For more information, visit our web site at

Download or http://www.invention-machine.com

View On-Line " Or, call us at 1-800-595-5500 or 617-305-9250 Machine

Invention Machine is a registered trademark and Knowledgist is a trademark of Invention Machine Corporation.
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This Month in

Rapid Product
Development

Tools & Techniques To Create Better Products Faster

The web publication for NASA Tech Briefs reader

NASA Tech Briefs’ totally digital publication, Rapid Product
Development Online (www.rapidproducts.net), helps
engineers develop better products faster by giving them
immediate, 24-hour access to the latest information on
CAD, FEA, modeling, reverse engineering, and rapid pro-
totyping tools and techniques.

RPD Online includes feature stories, industry and prod-
uct news, product reviews, show coverage, demos, links,
and a keyword-searchable supplier guide.

This month’s RPD Online includes:

B Optimization Software Helps Design Low-Noise
Rotorcraft Flight Procedures — NASA’s Langley Re-
search Center used commercial optimization software to
design quiet approach procedures for an experimental
tiltrotor aircraft in a few weeks.

Sponsor:

\./_

SOLID EDGE

Solid Edge is
Unigraphics
Solutions’
mid-range
CAD software
package.

#l Prototyping System Solves Major Semiconductor
Test Problems — A circuit board plotter system fabri-
cated hundreds of text fixtures, yielding big dividends in
turnaround time, lower test costs, and improved accuracy
of test results.

M Polyurethane RIM System Enables Complex Design
Features in Medical Equipment — An advanced
polyurethane reaction injection molding (RIM) technol-
ogy enabled cutting-edge design in an automated medical
diagnostic system.

— New Products — CAM and reverse engineering soft-

ware, a web-based prototype parts service, and custom
aerospace assembly production are among the new prod-
ucts and services profiled this month.

Be sure to visit www.rapidproducts.net for the lat-
est information on the rapid product development
industry. For advertising and sponsorship informa-
tion, contact Joe Pramberger at joe@abptuf.org;
Tel: 212-490-3999.

www.rapidproducts.net
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“The Undisputed Champion
in Image Accuracy.”

The
best pixel
jitter spec
(£0.5 ns) in the
industry.
Period.

The highest
accuracy

frame grabber.

Period.

But don’t take our word for it. Take the image accuracy test.
Call 978-256-4624 now to request the details.

Or visit www.foresightimaging.com/accuracy and see
for yourself. Free, no-risk 30-day evaluations of our frame
grabbers are available for qualified OEMs.

FRAME GRABBER PIXELJITTER PIXEL RATE

BITS
up to 150 MHz 10 bits

T eiom  woswe swsass [MAGING

I-50™ up to 50 MHz 10 bits
1-60™

IMASCAN™

HI*DEF Accura™

up to 60 MHz 10 bits 978-256-4624
up to 20 MHz 8 bits mono info@foresightimaging.com
24 bits color www.foresightimaging.com
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inreview
IronCAD 3.1

Steven S. Ross

It just feels right. Here’s a CAD prod-
uct that is, well, easy to draw with. Iron-
CAD is a new kid on the block when it
comes to high-end mechanical design
software. Visionary Design Systems
(Santa Clara, CA), IronCAD’s devel-
oper, has been around since 1990, and
has been producing modeling tools.
But IronCAD itself was introduced in
1998. This allowed VDS to start with a
clean slate. But VDS also realized it
would be entering a crowded, mature
market — a market in which many
users already have made serious
choices about their CAD software.

The solution: IronCAD has superb
file translation capabilities. Aside from
the “standard” ways to import and ex-
port design intelligence — good trans-
lation filters for IGES, STEP and so
forth — VDS also equipped IronCAD
with an unusual core. Almost all high-
end CAD packages for mechanical de-
sign are based on one of two solid mod-
eling engines: ACIS or Parasolid.

IronCAD’s solution? It uses both.
When you install IronCAD, you get to
choose which one to use as a default.
But, you can switch back and forth at
any time. Because VDS promotes Iron-

A general view of the IronCAD workspace. Note
the catalog tabs on the right, and the toolbar for
changing views in the upper left corner.

CAD’s interoperability, I spent quite a
bit of time testing that feature. You can
indeed build assemblies that use parts
modeled in both ACIS and Parasolid at
the same time. And I found it quite
easy to bring parts modeled with, say,
SolidWorks (with a Parasolid core) and
Inventor (which uses ACIS) into Iron-
CAD.

Users should understand that such
imports and exports usually are not
seamless, because various file formats
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differ. For instance, if you have mod-
eled a complex component in a stan-
dard CAD package and exported it to
IGES, the IGES kernel defines surfaces,
not solids. IronCAD (and many other
packages, for that matter) will turn
IGES surfaces into the solids that the
surfaces define, as long as the surfaces
truly enclose a solid with no gaps. If
there is a gap in your drafting, you
don’t get a solid from an IGES file.

Likewise, many CAD packages add
surface textures in various ways to
solids. Some add a true texture embed-
ded in the part. Others add a color that
mimics a texture. Still others apply a
“decal,” and some use more than one
method. Translating into IronCAD
tends to use one method to the exclu-
sion of others. Sometimes no color or
texture can be translated. Again, this
tends to be a limitation of the file for-
mats, not IronCAD.

IronCAD has a good suite of tools for
modeling sheet metal, but is not as
good at handling large assemblies. Al-
most all the geometry translates beauti-
fully. But design sense — notes in the
model about why a designer chose to
build the part a certain way — is lost
unless it is added as text, as part of the
drawing itself, or is translated through
STEP (STEP translation usually takes
awhile, even on a fast machine). Even
something as simple as the fact that a
bend is modeled to ANSI or DIN con-
straints is not easy to keep with the
part. The result is a part that’s shaped
perfectly under a given set of rules, but
designers further along the chain
might not know exactly what those
rules are. This situation really is a
shame, since IronCAD has great ways
to capture design sense. You should
not think of routinely using IronCAD,
as amazing as it is, for translations with-
out carefully setting rules among the
shop’s design professionals.

I also discovered that IronCAD out-
puts beautifully to many graphic for-
mats — great for doing documentation
(on paper or on disk) and for creating
Web illustrations and animations. Out-
put to AVI video was a breeze. The ren-
dering options are quite precise — you
can set lights and cameras easily on-
screen. There are enough options for
JPEG, GIF, PNG, VRML, and even TIFF

www.nasatech.com

and EPS to make the documentation
folks very happy.

All that said, what about the drawing
tools? There's a great mix of parts cata-
logs and tools for creating new geome-
try from scratch. You can add shapes
and components to catalogs (lots of

1

There are some nice wizards to help those new
to 3D modeling. This one enables you to get a
3D shape by spinning a 2D image template.

standard “Intellishape” items are pro-
vided) and drag them out to the draw-
ing, embed drawing “handles” for
tweaking the design into the model,
and lock specific dimensions. You also
can embed parametric intelligence,
and relate shapes to one another for
“smart” snapping.

I like the “TriBall” cursor that lets
you rotate as well as move (translate) a
part. It is reminiscent of old versions of
DataCAD, although VDS says it has
patented the idea.

System requirements are fairly mod-
est. I got acceptable performance with
a 15-part assembly under Windows NT
4.0 with 80 MB of RAM and OpenGL
graphics fully enabled, on a 200-MHz
Pentium Pro. I got about the same per-
formance with Windows 98 on a 366-
MHz machine with 128 MB of RAM.

IronCAD is priced at $4,995. Annual
maintenance, which includes updates
and on-line and phone support, is
$1,295. An on-line demo is available on
the VDS website at www.ironcad.com.

Steven S. Ross teaches jour-
nalism at Columbia University in
New York City. He has au-
thored three commercial soft-
ware packages, including a units
conversion program and an en-
gineering calculations program.
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Yes, there's a difference between a PC plug-in and
our data acquisition system. But it's not the price.

Agilent 34970A

« 22 bit resolution -
(6 1/2 digits)

* 11 built-in
measurement
functions

« 50,000 readings of
non-volatile memory

« Scanning up to 250 channels
per second

www.agilent.com/find/bi

... Agilent Technologies




Explorer
help you see?

This is what a leading
atheletic shoe maker saw!

In our Advanced Technology Explo-

ration department, we look at all

computer tools that can help us de-

sign product

faster. We use

IRIS Explorer for

rapid application

protoptyping

when we want to

test a new analy-

sis algorithm and
when we want to
do “what if
periments.
It gives us a fast
and flexible way
to pull together
prototype code.
[E’s low pro-

gramming overhead is a big adva

tage. Understanding our analysis re-

sults and the morphology of the foot

requires fast and accurate visualiza-

tion, and this is

where IE deliv-

ers the second

big benefit.

Whether our data

is from a laser

scanner or a

touch probe, IE consistently handles

any dataset.

Mark Johnston, Nike Inc.

IRIS Explorer can bring a new
view to your science and engi-
neering applications whether it
is medical imaging, chemistry,
fluid dynamics, finance, earth
sciences, or manufacturing.
Now offered for UNIX worksta-
tions and Windows NT. Y2K
compliant!

Numerical Algorithms Group

1400 Opus P\., Suite 200 ®
Downers Grove, IL 60515
Ph: (630) 971-2337

www.nag.com ¢ info-ntb@nag.com

For More Information Circle No. 412

Who's Who at NASA

Michael B. Mann, Deputy Associate
Administrator for Aero-Space Technology

M ichael B. Mann
is Deputy Asso-
ciate Administrator
for the Office of Aero-
Space Technology.
He provides executive
leadership, as the sec-
ond in command to
General Spence M.
Armstrong, for a $1.3 billion program
covering four research and development
centers working on long-term, high-risk,
high-payoff technologies for aviation
and space transportation.

NASA Tech Briefs: What are the pri-
mary functions of NASA’s Aero-Space
Enterprise?

Deputy Associate Administrator
Mann: One hundred percent of the ac-
tivities we do are technology develop-
ment. We don’t take any products to
final delivery — we simply develop tech-
nologies. And we work in two funda-
mental areas: aeronautics and space
transportation. A number of the tech-
nologies are common between the two.

NTB: What do you see as the most
critical aerospace technologies to be de-
veloped over the next 10 years?

Mann: I think we have a tremendous
opportunity in the area of information
technology, both in adapting the tech-
nologies that are being developed for
other industries as well as creating tech-
nologies unique to aerospace applica-
tions. Intelligent systems is a major push
— to have more computational capabil-
ity available inside the the cockpit of an
airplane, so that there’s more autonomy.
The vehicle can operate more by itself,
without human intervention.

We just had a project in which we put
a neural network in an F-15 fighter that
simulated major failures. The airplane
was able to adjust all the control proper-
ties to simulate, for example, that the
wing fell off, so that you could continue
to operate the airplane. That'’s all infor-
mation-technology oriented. It's the
kind of thing the pilot wouldn’t notice
until there’s a problem. In the past, they
wouldn’t have been able to control it.
Now, with these capabilities — essen-
tially learning systems —they’ll have the
ability to continue flying the airplane.

www.nasatech.com

NTB: In the future, might we see sim-
ilar types of technology that could cor-
rect a failure in time to prevent the loss
of an unmanned spacecraft?

Mann: Absolutely. In the Deep Space
1 that just flew, there were IT experi-
ments from Ames Research Center that
controlled the spacecraft autonomously.
They performed a number of the func-
tions that were previously controlled by
humans. That’s a very exciting area that
has significant potential. And it’s not
necessarily to replace humans — it’s to
either augment their capabilities or
to handle situations where humans
wouldn’t be able to adapt as quickly.

NTB: What are some of the Enter-
prise’s recent developments in aviation
technology?

Mann: A lot of these developments
show up in X-planes. We have the X-34,
which will fly next year. And we have
the X-43, which is a hypersonic test ve-
hicle. We have a number of revolution-
ary concepts we are working on — such
as blended-wing bodies — which are

just radically different kinds of air-

planes. The blended-wing body would
be a 300- to 800-seat airplane that
would not look at all like today’s air-
planes. It would look much more like
the Stealth bomber — it's a “flying
wing” essentially. What that does is
change the whole economics of air
transportation. It’s the major new
thrust that we're working on with Boe-
ing to really make a quantum leap in
terms of cost, emissions, and noise.

NTB: What do you consider to be
today’s greatest single challenge to the
Aero-Space Enterprise?

Mann: The fundamental problem
that we continually face is balancing
the things that have very near-term re-
turn with making sure that we have
enough “leap-frog” or revolutionary
technology work being supported. We
have to continue to make sure that
we're doing enough long-term work
while we’re providing those near-term
benefits.

A full transcript of this interview is avail-
able online at www.nasatech.com. Contact
Mr. Mann at mmann@hq.nasa.gov.
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The new XES 8825 DDS.
Watch your productivity surge
with integrated wide-format

scanning, printing, and copying.

Announcing the new 8825 DDS.

It delivers more productivity features than
any other system in its class. Like
simultaneous printing, scanning, or
copying. Built-in electronic collation.
On-demand reprints of scanned jobs.
And 400 dpi resolution for remarkable
image quality. What's more, our unique
AccXES™ controller delivers true
modularity, so our system can grow with
your requirements. The 8825 DDS.

It's simply the most productive new way

to channel your work.

Discover 25 ways to simplify the way you work.

(877) XES 8212, ext.187

Contact us today and receive a FREE

desktop gift...while supplies last!

* XEROX
ENGINEERING
SYSTEMS

© XESystems, Inc. 2000. AccXES™, the digital box icon and the
acronym XES are trademarks of XESystems, Inc. Xerox® and
the 8825 DDS are trademarks of Xerox Corporation. All rights
reserved. Offer good until 05/30/2000 while supplies last.

www.XES.com
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I GEA Software Used in Design

of NASA Plant Growth System
for Space Station

ALGOR finite element analysis software
ALGOR, Inc.

Pittsburgh, PA
412967-2700

www.algor.com

Orbiting laboratories like the International Space Station
(ISS) can provide unique environments for developing new
medicines, industrial materials, and communications technol-
ogy, and may serve as stepping stones for colonization, which
will require humans to be self-sustaining in space. NASA cur-
rently is conducting research for on-orbit plant growth that
could eventually facilitate longer missions on the ISS or per-
manent space inhabitancy.

Orbital Technologies Corp. (ORBITEC) of Madison, WI, is
providing NASA with the tools needed to grow plants in space,
and the finite element analysis (FEA) information to make sure
the tools can be transported safely. Astronauts will use the firm's
Biomass Production System (BPS) to conduct biotechnology
plant research and metabolic experiments on photosyn-

The project began with Phase I and Phase II contracts from
NASA’s Kennedy Space Center in Florida through the Small
Business Innovation Research (SBIR) program. Today, the pro-
ject is being funded as a Phase III contract through NASA's Ames
Research Center in California.

Meeting Design Requirements

Iverson’s FEA studies focused on four fully constrained attach-
ment points at the corners of the BPS since these areas would
experience the greatest loads during liftoff and landing. The
location of the BPS in the shuttle was a major design concern
because it is bolted directly to an internal shuttle wall above the
astronauts, making structural analysis a critical requirement.
Another concern was the four latches on the front panel that
secure the sliding portion of the enclosure.

The BPS enclosure design began with a solid model using
AutoCAD 13 (from Autodesk, San Rafael, CA). The model
was converted into more than 200 surfaces so that surface edges
would align at planned interaction points with beam elements,
which were to be added to the FEA model in ALGOR. The model
was transferred in IGES format to Superdraw III, ALGOR’s single
user interface for FEA, where a surface mesh was created using
hand-meshing techniques. Iverson first produced a coarse surface
mesh and ran preliminary analyses to verify the geometry. Then
he produced a

thesis, respiration, and transpiration on the mid-deck of
the Space Shuttle, and in rack facilities on the ISS.

In order to qualify the BPS for space flight, ORBITEC
used linear static and dynamic stress analysis software from

finer overall mesh
and refined the
surface mesh a-
round the attach-
ment points and
latches using
ALGOR’s Merlin
Meshing Technol-
ogy.

Once the mod-
el was completed,
Iverson copied the
geometry into a
new file and select-

The BPS can contain up to four removable chambers, like
the one shown here, which can be accessed to capture the
results of microgravity studies by freezing plants on-orbit.

ALGOR to prove that the unit can withstand extreme dynamic
loading during liftoff and landing. According to ORBITEC's lead
design engineer, Jeffery Iverson, the company studied plant
growth systems flown on previous shuttle missions and consulted
with NASA engineers to develop the BPS.

The design features a double-locker enclosure, which more
effectively optimizes the available volume over previous payloads.
The new unit’s enclosure slides open so that astronauts have
access to the inner chambers through all phases of the opera-
tion. The box-shaped BPS features independent controls for
temperature, humidity, lighting, and carbon dioxide levels; an
active nutrient delivery system; and sealed chambers for gas
e.\:changc measurements.
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Iverson combined beam and plate elements into the
FEA model to simulate the structural rigidity of the
enclosure. Here, the linear static stress analysis resuits
for the beam structure and plate enclosure are shown
separately.

ed lines and nodes
that represent the
ribs and structur-
al elements of the
internal payload.
The 125-pound weight of the payload and enclosure, as well as
varying launch and landing gravitational loadings, were applied
in 20 different load cases.

The resulting design met NASA's requirements. Using the soft-
ware's built-in visualization capabilities, Iverson viewed the stress
results and used them to determine the calculated limit stress
value. “The loading placed on the BPS is equivalent to 10-15 g.
Loads of this magnitude would be virtually impossible to simu-
late. The benefit of using FEA is to evaluate theoretical loads on
an object without physical prototyping,” explained Iverson.

The BPS unit will be subjected to a 24-day science test this
summer, followed by a long-duration mission verification test
that will simulate the actual mission. The BPS currently is
scheduled for ISS Utilization Flight (UF-1) in the spring of
2001. Scientists will use Super Dwarf Wheat and a mustard-like
plant for the experiments.

For More Information Circle No. 734
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That’s right: we've take portable data acquisition to a

whole new level. The DEWE-3010 and DEWE-2010
completely redefine what a data acquisition system
should be. Not just portable a rugged, but also open-
architecture, so you can upgrade the hardware and
software long into the future. With modular signal
conditioners you can mix and match to create your own
system with dozens of fast channels and up to 2048

slow/temperature channels!

Our DEWEScope+® software makes setup and
recording easier than ever. Want to use DASYLab® or
LabVIEW®? No problem - our open-architecture
platform runs them all (and more) without a hitch.
Trigger and capture effortlessly to disk at rates up to
1.25 MHz. With plug-in modules for direct connection
of every sensor — DC and AC strain gages, charge and
ICP® accelerometers, microvolts to kilovolts, RTDS and
thermocouples (9 types), LVDTS, string pots, RPM and
TACH signals from engines and turbines, and more.

e W

- - -

fe DEWETRON

DEWE-3010 Ultra-portable
8 complete system

ME=STD-810 Shock/Vib*

M Includes DEWEScope+ Software
B Plug-in DEWE-MODULES

B Front-ends for any A/D card

B Complete stand-alone systems

With 1000V isolation, exceptionally low noise, and
multiple range/filter selections in each plug-in module!
Dewetron builds rack-mounted and portable systems
for a wide variety of applications in the automotive,
aerospace, industrial, process control, research,
chemical, medical research, and other industries.

Find out what so many others have already
discovered—for a no-obligation demo, please contact
us today at 1-401-782-3866, visit our website, or send
an email to: justdewit@dewamerica.com

A

AMERICA +« AUSTRIA - BELGIUM -+ GERMANY « NETHERLANDS -+ SLOVENIA - THE CZECH REPUBLIC « THE U.K.
All trademarks acknowledged as the properties of their owners. * Certain CDROM drives do not meet MIL-STD specifications
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@ Commercialization Opportunities

Higher-Resolution Optoelec-
tronic Shaft-Angle Encoder

An optoelectronic shaft angle en-
coder measures angles with high resolu-
tion. Fabrication of this design costs
less than a quarter of that of the earlier

High-Power Laser Illuminator
This laser illuminator, originally devel-
oped for tracking small satellites from
the space shuttle, can be adapted to
other moving or stationary platforms
for tracking other moving or stationary

versions.
(See page 46.)

Take Control. . . | re’s
New 331 Temperature Controllers

objects.
(See page 48.)

ake Shore introduces the

Model 331 Temperature
Controllers, Lake Shore’s
next generation of mid-price
range temperature control
instruments.

Intelligently designed and
well-integrated for high
performance and ease of
use, the Model 331
Temperature Controllers are
suitable for most cryogenic
and many higher temperature
measurement and control
applications.

The Model 331 Temperature
Controllers combine the easy
operation and unsurpassed
reliability of Lake Shore’s
Model 330 with improved
sensor input and interface
capability, including
compatibility with negative
temperature coefficient
RTDs.

* Two control loops

* Supports diodes, Cernox™, Rox™, Thermox™,
Carbon-Glass™, germanium, platinum,
rhodium-iron, and thermocouple sensors

* Two sensor inputs

* Large vacuum fluorescent display

* One-touch access to commonly used functions

* Model 330 emulation mode

* Current reversal

* Autotuning

* Alarms

* |EEE-488 and RS-232 interface

www.lakeshore.com LaKeShOfe

575 McCorkle Blvd. « Westerville OH 43082 » Tel: (614) 891-2244 « Fax: (614) 818-1600
marketing @ lakeshore.com

For More Information Circle No. 413

Composite Graphite Anodes
Containing Cyclic Ether Additives
This design increases the recharge-
ability of lithium-ion batteries, a signifi-
cant improvement for batteries that are
used widely from space systems to laptop
computers, portable telephones, and
other portable electronic devices.
(See page 56.)

Leak-Free Pressurizing Valve

This one-time-opening valve is re-
garded as a more reliable, less expensive
alternative to a similar pyrovalve. The
valve would have no pyrotechnic mater-
ial, eliminating the risk of premature
detonation. Potential applications are in
fire-suj sion systems, emergency
power units for aircraft, and emergency
cooling systems.
(See page 58.)

Efficient Ionizer for an Array of
Mass Spectrometers

Electron- and ion-beam optics are de-
signed to maximize generation and ex-
traction of ions. This ionizer is designed
to deliver ions to the entrance apertures
of nine miniature quadrupole mass
spectrometers in an array.
(See page 66.)

Apparatus and Technique
for Measuring Distance
Between Axles

An optoelectronic apparatus and
technique were developed for measur-
ing distances of tens of feet with an ac-
curacy of a fraction of an inch. Devel-
oped originally for the space shuttle
orbiter, this system can be adapted to
measuring distances between wall
frames inaccessible to tape measuring,
to establish fence lines, or to lay out foot-
ball grids.
(See page 76.)

Miniature, Low-Power, Digital,
Wireless Electronic Camera

A laboratory-bench-top version of this
camera has been demonstrated. The
camera is intended to serve as a low-
power, long-battery-life unit in such ap-
plications as surveillance of military or
civilian facilities, home security, and re-
mote monitoring of babies.
(See page 77.)
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OASIS 2000

Sensor Interface System

This computer controlled, multi-channel
laboratory measurement instrumentation system
provides users with a convenient front-end to a
data acquisition system. It provides a universal
signal conditioning interface for a wide variety
of sensors including strain gages, piezoelectric
and piezoresistive pressure sensors and
accelerometers. Intelligent application software
provides an easy operator interface and mini-
mizes set-up time. It can be used for dynamic
measurements for a wide variety of applications,
including aerospace, transportation, and civil
structures.

Call Endevco toll-free at 1-877-ENDEVCO.

For More Information Circle No. 550

MODEL 7290A

Variable Capacitance Accelerometer
Designed for measurement of low level and

low frequency vibrations and linear acceleration
in aerospace, automotive, and other critical
applications. These accelerometers utilize
unique variable capacitance microsensors and
operate over a 2 to 150 g full scale range. Gas
damping and internal overrange stops enable
sensors to withstand extremely high shock and
acceleration loads. The unit can operate from
9.5V to 18.0 V, provide a +2 V low impedance
output and has outstanding thermal stability over
a wide temperature range.

Call Endevco toll-free at 1-877-ENDEVCO.

For More Information Circle No. 551

MODEL 25A/B

ISOTRON?® Accelerometer

The world’s smallest (0.2 gm) adhesive-mounted
accelerometer, with integral electronics, meas-
ures vibration on very small objects such as
scaled models, small electronic components and
in biomedical research. It produces 5 mV/g over
a wide dynamic range (+ 1000 g’s) and has
resolution of 10 mg. Field-replaceable coaxial
cable extends service life in heavy-use situa-
tions. Unit requires 4 mA constant current and
returns low impedance voltage output through
the same cable.

Call Endevco toll-free at 1-877-ENDEVCO.

For More Information Circle No. 552

AUVYVERLIOLVMELINT

MODEL 7270A
200,000 g
Accelerometer
Series of rugged
undamped units
designed for shock
measurements. This
silicon chip-based
sensing system
includes inertial
mass and strain gages arranged in an active
four-arm Wheatstone bridge circuit. Their
exceptionally high resonance frequencies

(1 MHz) and zero damping deliver accurate
response to fast rise times and short duration
shock. Ideal for measurement of long duration
transients due to its dc frequency response.

Call Endevco toll-free at 1-877-ENDEVCO.

For More Information Circle No. 553

Endevc¢o’s Quality Dynamic Measurement Products:
Performance You Can

MODEL 8515C
Low Profile
Piezoresistive
Pressure
Sensor

This rugged, minia-
ture, high sensitivity
piezoresistive
pressure sensor is
available in 0-15
and 0-50 psia pressure ranges and has a 200 mV
full-scale output. Its extremely low 0.030 inch
profile and small 0.25 inch diameter package
makes it ideally suited for use in small-scale
model tests, wind tests as well as in flight tests
on aerodynamic surfaces.

Call Endevco toll-free at 1-877-ENDEVCO.

For More Information Circle No. 554

Under the Most Extreme Conditions.

When you need to perform the most
critical vibration, shock and pressure
measurements in the toughest operating
environments, look to Endevco for the
best solutions. If your application requires
temperature ranges from -450° F to
1500° E, shocks as severe as 200,000 g and
extremely hostile EMI, RFI, and EMP
conditions, we’ve got the most dependable
solution for you. Endevco delivers out-
standing performance over bandwidths

from dc up to 200 KHz and over the wide
dynamic range from pg to 200,000 g. And
these solutions come in the smallest, toughest
and smartest sensors available today.

You’ve seen Endevco quality and depend-
ability climb to the top over the past 50 years.
So when your application calls for a high-
performance product, you can always depend
on receiving traditional Endevco excellence.

Contact us by fax, phone, email or visit
our website today.

The Measurement Solutions Company.

30700 Rancho Viejo Road, San Juan Capistrano, CA 92675-1748

Fax: (949) 661-7231

Web Site: http://www.endevco.com/extreme  Email: applications@endevco.com
For More Information Circle No. 555

ENDEVCO ‘ Tel: (877)-ENDEVCO (Toll Free)
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Mass 3D: From Design, to
Manufacturing, to Supply Chain

n today’s fiercely competitive global

marketplace, sleek, stylized designs
have become an imperative, not an op-
tion, for most manufacturers. No
longer a matter of making tradeoffs be-
tween form and function, optimizing
both is now critical for nearly any prod-
uct. It’s as true for high-gloss consumer
goods (e.g., recreational kayaks, bou-
tique home accessories, exterior auto
parts, and running shoes), as it is for
other traditionally less glamorous prod-
ucts (e.g., automotive engine parts, the
“guts” of PCs, and factory equipment).
At the same time, shrinking design cy-
cles and narrow market windows have
become the rule.

Like never before, today’s market con-
ditions dictate massive proliferation of
highly functional, very powerful “mass
3D” design tools, not just on every engi-
neer’s desktop, but across the extended
enterprise — design, manufacturing,
and the supply chain. Beyond using the
technology for new product develop-
ment, 3D users must be able to commu-
nicate their ideas to a vast array of peo-
ple and organizations involved in the
process: management, manufacturing,
documentation, purchas-
ing, distribution, sales,
marketing, vendors, sub-
contractors, and partners.
When everyone across an
organization has access to
integrated, easy to use, af-
fordable mass 3D design
tools, amazing things can
happen.

Consider this analogy.
To enhance internal and
external communications
and to allow employees
to instantly obtain infor-
mation, manufacturers
are deploying productivi-
ty tools such as e-mail
and Internet access
throughout entire organ-
izations. In this day and
age, most of us would
consider it preposterous
to grant only 10 people in
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a 100-person organization access to these
powerful information tools. The same is
true for mass 3D. When only a chosen
few can take advantage of desktop 3D
functionality, they are severely limited in
their ability to communicate design in-
novations to the extended enterprise.
Conversely, when it becomes possible to
leverage 3D technology across extended
organizations, companies can realize sig-
nificant benefits, including reduced
time to market, streamlined communi-
cations among global team members,
and better communication of design in-
tent from design through engineering
and manufacturing.

Barriers to Mass 3D

Mass implementation of 3D has been
and continues to be very difficult for
many manufacturers due to cost, train-
ing, compatibility, and limited function-
ality. In most cases, mid-range systems,
although more affordable and easy to
use than high-end systems, typically lack
the power to complete all the jobs that
are required in most design environ-
ments. Many companies realize that
leveraging fullfunction solid and sur-

think3’s “mass 3D” software, thinkdesign, enables designers to easily import geom-
etry from other systems (such as CATIA, pictured here) into their design environ-
ment without losing data integrity, structure, or ancillary nomenclature. Data can
then be exported in compatible file formats to downstream manufacturing tools.

www.nasatech.com

face modeling 3D design tools through-
out an extended corporation could help
communicate design concepts in a
much more efficient and economical
manner than traditional means.

While it is easy for most companies to
understand the benefits of deploying
more 3D CAD tools throughout their
company, it is quite a challenge to select
the right software tools to meet the dis-
parate needs of users across an organiza-
tion. They must determine which will be
more effective: a few general-purpose
tools, or many specialized tools. To re-
duce costs and simplify administration
and training, some companies attempt
to standardize on a single system. Others
yield to strong pressures to use a variety
of systems.

In today’s extended enterprises, com-
panies must work more closely, and
concurrently, with suppliers, customers,
vendors, and other partners. Each of
these typically has a different CAD sys-
tem. Even within single companies,
with the number of mergers and acqui-
sitions happening today, it is very com-
mon to have a number of design de-
partments working together on differ-
ent CAD systems. Many
companies end up with
four or more different
CAD systems, and they se-
lect which one to use de-
pending on the partner
for the project. Although
pragmatic, this approach
is expensive and, ulti-
mately, not scalable to
the entire organization.

At the same time, there
is tremendous pressure
for companies to increase
the productivity of indi-
vidual tasks. A common
solution for this is to use a
specialized CAD tool for
each task. CAD vendors
amplify this situation by
specializing only in cer-
tain areas in order to re-
main competitive. Even
today, there are systems
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