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Your Complete Source 
for Building Measurement 
and Automation Solutions 

Save Time 
Compare specifications online 
among more than 800 products. 

Create your solution 
with interactive configurators. 

O Do More 
Read tips from experts 
in NI Developer Zone 

Download example programs, 
instrument drivers, and tutorials. 
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EM13EDDED INTERNET 

El

NEWPORT introduces the world's 
first Panel Meters, Controllers, 
and Signal Conditioners with an 
Embedded Web Server! 

I

Controller or 
D.-..-..-I 

The new .Series devices connect directly to Ethernet 
and transmit data in standard TCP/IP protocol. You can 
monitor and control your process through a web browser 
from anywhere on the Internet! 
The device can even 
email your 
web-enabled pager 	 - 
or cell ohone.	 1:

Don't become a dinosaur. 

,P $95* 
Server 

Hub connects

32 Devices

NEWPORT can help you 

Engineer the Future. 

FIV71MEWPORT® 
PI,	 2229 South Yale Street • Santa Ana, CA 92704-4401 USA 

Tel: (714) 540-4914 /(800) NEWPORT! Fax: (714) 546.3022 

newportUS.com

e-mail: info@newportUS.com 

IZI 

Contact Newport; for Quantity and OEM pricing. 	 1-3	 - N EWPURT 
iSeries F'atenta Pending and Applied for.	 OCOPYRIGHT 2000 NEWPORT ELECTRONICS, INC ALL RIGHTS RESERVED 

For More Information Circle No. 545
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Watch Free, One-Hour, Live Software Demonsliations 

Weekly on Important FEA Topics 

Join Algor weekly each Tuesday at 10 a.m. Eastern Time at wv.iech1earning.com to learn 
about Algor's Finite Element Analysis and full Mechanical Event Simulation software and our 
InCAD products for doing FEA within CAD. Viewers can phone or e-mail questions to be answered 
by Algor engineers during the Webcast. Past demos are available on the same site on demand. 

Schedule a Customized Software Demo

to See Why Alor Software is the Right Choice for You 

Call your Algor representative today at +1(412) 967 - 2700 to schedule your customized soft-
ware demonstration at www./Techearning.com. At your convenience, Algor engineers will 
demonstrate on Internet TV at your computer how our Finite Element Analysis and full 
Mechanical Event Simulation software and InCAD products for doing FEA within CAD provide 
solutions to meet your engineering needs. 

Before You Buy FEA]
Watch Live Software 
Demonstrations on the Internet 

Participate in the live software demonstration 
and ask your questions In real time every week 

or watch past demonstrations by visiting
See our industry-leading Mechanical Event 
Simulation technology with linear or non-
linear materials. In the webcast shown www. eTech Learn I ng.com above, the von Mines material was used on 
a model which experiences impact. 

N 
Argor's interactive software demonstrations range in topics from What You Need to Know 
About ELk" to "Motion and Impact Using Aignes Mechanical Event Simulation vs. Motion 
Load Transfer" to illustrate how Alger software meets your engineering needs.

What You See Is

What You Get 

The images shown here 

were extracted from actual 

webcast footage. The TV 

quality you see here is the 

same quality you will see 

on your desktop computer 

screen if you have a Ti, DSL 

or cable modem connec-

tion, or you may request a 

webcast on CD-ROM.

Find Out about FEA within CAD for solid 
modelers such as SolidWorks shown here. 

Watch our engineers do FEA modeling in 
Algor, including the capability to build 
models like this composite wing. 

See how you'll get started with Algor's FEA 
design, analysis and visualization capabilities 
with built-in HTML report support shown above. 

See how yoa a as local static stress with 
composite elements, as in this model of a wing. 

lSBaDnve,Pittstxzrgh,PA15238-2932USA A fJL	 When Engineering California:*1(714)5640844 

	

US Phone; +1(412) 967-2700 	
.	 E-mail. irrfo@algor.com 

	

Fax +1(4121 967-2781	 Ff	 0 e Right	 www.eTechLearning.com , www.algorcom, 
www.fealncad.com , www.pipepak.com 

PREMIUM 

	

!iAutodesk. '	 SOLID EDGE OYAM PARAMETRIC 

CADKEV	
Registered Developer	 -	 -	 COO POlO A TI ON


Pro/PARTNERS 
All trademarks may be trademarks or registered trademarks of their respective owners. 

For More Information Circle No. 596 or Visit www.nasatech.com/596
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For More Intelligent 3G Wireless Amplifier and Digital Radio Testing 
The CS2010 Wireless Test Set delivers an entirely new modules, the VSA or VSG can be upgraded to provide 

level of power, speed and flexibility for power amplifier multi-path fading, smart antenna testing, bit error rate 

and digital radio design.	 Essentially three products in testing and protocol testing. 

one, the modular CS2010W is an off-the-shelf "virtual Utilizing a unique architecture, the CS201OW offers a 
test instrument that offers multi-carrier signal capability completely open test environment with selection of 
at three levels of functionality: functions (spectrum analysis, oscilloscope, digital pattern 

CS2010 Vector Signal Generator RF, IF, baseband, generation/analysis), along with a series of digital and RF 

digital output. Performance exceeds any instrument on multi-carrier waveform generation capabilities. 

today's market - 50 times more memory (4,000MB), 5 The CS201OW allows you to replace an assembly of 
times better resolution via 14 bit D/A's, and 9 dB stand-alone test instruments with one box that does 
improvement in dynamic range. everything, faster and better. At a price that makes you 

CS2010 Vector Signal Analyzer RF, IF, baseband and market-competitive today and grows with your needs in 

digital input. Delivers the deepest acquisition memory the future. 

available - 4,000MB of seamless 14 bit capture. Whatever level you're involved at, your test capabilities 

CS2010 Vector Signal Generator/Anal yzer All the should be match your technology. Let us show you how 

capability of the CS2010 VSA and the CS2010 VSG in we can help. Check out the details at www.csidaq.com 

one package. By simply adding hardware and software or call 888-274-5604 for more information. 

CELERITY TEST INSTRUMENTS TAKE You THERE. 

1 
F	 I 	 I 

1'	 I

I	 I 

F	
I	 F 

LERITY 
DIGITAL BROADBAND TEST

communications 

10411 Bubb Road Cupertino, CA 95014 Phone (408) 873-1001 	 Fax (408) 873-1397 
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MATLAB 6. 
The next generation.

Instrument Control Toolbox 

Filter Design Toolbox 

Financial Derivatives 

Toolbox 

Real-Time Workshop 

Embedded Coder 

Simulink Performance Tools 

Announcing the newest release of the leading technical computing software for 

7. engineers and scientists. The new MATLAB 6 

product family features more than 30 new and 

updated products for data acquisition, analysis, 

algorithm development, and code generation for 

The new MATLAB desktop interface provides embedded systems, as well as design of large-scale 
easy and intuitive access to all of the 

powerful features in new MATLSB 6.	 control, DSP, and communications systems. 

The next generation of MATLAB is available now. See what it can do for you. 

For product demos and technical information on the new MATLAB% 
MATLAB 6 family of products, visit www.mathworks.com/ntbr. 	 SIMULINK 

Math Works


tools support signal


and image processing, 


simulation, and


design for a variety 

The 

MATH 

Visit www.mathworks.com/ntbr 

or call 508-647-1040
	

5oO Thn MathWorks, Inc. 

For More Information Circle No. 512
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Electronics Tech Briefs 
Follows page 48 in selected 
editions only.

Motion

CONTROL

Tech Briefs 

lb - 8b 
Motion Control Tech Briefs 

Follows page 24 in selected editions only. 
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Linear Static Stress - Algor's linear sta-
tic stress product enables you to capture 
complex assemblies, such as this valve 
assembly, from a CAD solid modeler and 
run a finite element analysis using fast 
solver technology. Typical loadings are 

F
pressure, acceleration, temperature, 

and prescribed displacements.

Steady Fluid Flow - Prescribed velocities 
and pressures provide the loading for this 
3-0 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.

Unsteady Fluid Flow - Unsteady fluid 
flow of this ball valve system was ana-
lyzed using a 3-0 CAD solid model. 
Algor's unique processor solves for veloc-
ities and pressures throughout the 
dynamic event, using a specialized mesh-
ing algorithm for high velocity gradients.

DDAM - Algor's Dynamic Design 
Analysis Method enables you to analyze 
the shock response at the mountings of 
shipboard equipment such as watertight 
doors, masts, propulsion shafts, rudders, 
exhaust uptakes and portholes. as 
shown above. 

;Hp	 !r 

Transient Heat Transfer - The dynamic 
effects of a transient heat transfer analy-
sis were needed for the time-dependent 
temperature loading of this heat sink 
assembly. Algor's multiple load curves 
for various loading conditions allow for 
the simulation of the thermal event. 

Mechanical Event Simulation (MES 
with Linear Material Models - Algor': 
MES with linear material models allow! 
you to represent a dynamic analysi: 
while solving for kinematics, deflectiom 
and stresses of the structure. Analyse! 
using large CAD assemblies, such a 
this rocker arm assembly model, can bi 
expedited by using kinematic elements.

Nonlinear Static Stress - Algor's nonlin-
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. 

I 

uvluutipriywt.s - 1'%igur S iiiuutipriysicx pruoJ-
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 static/transient stress and heat trans-
fer with fluid flow and stress.

Linear Dynamic Stress- A modal analy-
sis is one of the linear dynamic stress 
analyses performed on this suspension 
bridge. Failure can occur when the load-
ing frequency is at the structure's reso-
nant frequency. Algor's linear dynamic 
analyses accurately predict these fre-
quencies and dynamic effects. 

steady-state thermal processor helps pre-
dict temperature distribution due to ther-
mal loading. Loading such as convection, 
radiation, conduction, applied tempera-
tures and surface heat fluxes can be 
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 3-0 solid model.

Mechanical Event SiirivL!tiofl (MES) 
with Nonlinear Material Models - Algors 
MES extends full dynamic analysis capabil-
ities to large strain/deformation analyses of 
nonlinear materials, as shown by this land-
ing gear assembly. Kinematic elements can 
be used for quicker processing. 

Piping Design and Analysis - Afgor's 
piping design and analysis product 
enables you to calculate the deflections 
and stresses of this plant piping system 
and then compare the results with 
ASME/ANSI code allowables. Loadings 
can include: dead weight, thermal differ-
ences. pressure, wind loads, earthquake 
loads. time history of forces/displace-
ments, response spectrum, natural fre-

Algor has been developing FEA software since 1978.

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. 

WAutodesk IS 	 i;ii) 
Voyager	 PARAMETRIC

HNnieY Algor,
1Ii..I,3E.IIdI1 

Registered Developer 	 Member N vospoii..\ I in'. l5O Beta Drive, Pittsburgh, PA15238-2932USA 
CADKEV	 .	 ,	 Pro/PARTNERS	 Phone. +1(412) 967-2700 

Fax: +1 (412) 9672781 

A11 trademarks may be trademarks or registered trademarks of their respective owners.

	

	 California: +1(714) 564-0844
Europe (UK)' +44 (1784) 442 246 
E-mail info@algor.com 
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This document was prepared under the sponsorship of the National Aeronautics and Space 
Administration. Neither Associated Business Publications Co., Ltd. nor the United States Gov-
ernment nor any person acting on behalf of the United States Government assumes any lia-
bility resulting from the use of the information contained in this docuntent, or warrants that 
such use will he free from privately owned rights. The U.S. Government does not endorse any 
commercial product, process, or activity identified in this publication.
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Universal Matrix keyboard-video-mouse 
switches from Network Technologies of - NT---- 

	

Aurora. OH, let users share up to eight 	 -----1v-° I 

	

different computers without the need 	 --	 =------- 

	

for plug-in modules.	 - 

14 1 .-s.•.:j'' 

Han-Modular electrical connectors 
from Harting of North America, Elgin, IL, 
can be snapped into metallic frames 
without the need for tools. Designers 
can combine fiber optics and electrical 
signaling media with high and low 
power options. Using standard hoods 
and housings, the connectors are avail-
able in 13 different modules for applica-
tions from automation equipment to 
semiconductor machinery. See New on 
the Market on page 58 for more details 
on the Han-Modular connectors. 

Ir1age courtesy of Harting Inc.) 

l'tiIIiIv-iioflS Awl,- "o'. i ii photocopy items for internal or personal use, or the internal or 
persccuitl use ol spec lb clients, is granted by Associated Business Publications, provided that 
the flat fee of 53.00 pet copy be paid directly to the Copyright Clearance Center (222 Rose 
Wood Dr., Dans-ers, MA 01023). For those organizations that have been granted a photocopy 
license by CCC, a separate system of payment has l,eett arranged. The fee code for users of the 
Transactional Reporting Service iv ISSN 0145-319X194 $3.00+ .00 

Compaq Visual FoTtran 6.5 
"The	 Standard In Fortran" 0/i! 

Compaq Visual Fortran sets the standard in 32-bit Fortran de-  

velopment for Windows systems by combining proven Fortran 
compiler technology from Compaq with the visual 
development environment from Microsofta. 

Optimizations for the Intel — Pentium" Ill, AMD' K6, and AMD Athion" architectures for faster executables. 

The Fortran COM Server Wizard (in Professional Edition only) makes your Fortran code available as a 
component to Microsoft Visual Basic, Microsoft Visual C++ and other languages that support COM. 

Concurrent Licensing provides the economical choice for a broad pool of occasional users. 

Electronic Tech Support, user-to-user help forum, quarterly newsletter and downloadable patchkits. 

The standard Edition provides our industry-leading Fortran 95 compiler, development environment and tools, 
samples, documentation and more. 

The Professional Edition includes the popular IMSL"' math/statistics libraries from visual Numerics", Inc.. 
an easy-to-use data visualization tool called the Compaq Array Visualizer, and the Fortran COM Server wizard. 

NEW! The Enterprise Edition includes everything in the Professional Edition plus the 
Enterprise Toolkit allowing UNIX program development from your Windows desktop. 

us panion Products CD-ROM included. Academic Pricing and License Packages are available. 

•	 ipaq Visual Fortran shares a common code base with Compaq's Fortran 95compilers for tlk I& 
ha processors, giving broad compatibility and rapid advancement in features and performance. - 

soft's industry-leading visual development environment, the same as in Microsoft Visual 
6.o, is included and can be shared with compatible Microsoft development tools.

1	
- littp;/Iwww.compaq.comIfortran 

For More Information Circle No. 401	 NASA Tech Briefs, December 2000 



Want to make the j 
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but not ready to tal 

IF YOU ANSWERED YES, YOU MAY WANT 

to consider the StorCase Into 
Station '9-bay RAID enclosure. Opt to 
add our Fibre to SCSI RAID Controller 
Module, and enjoy the connectivity, 
throughput and SAN compatibility 
benefits of Fibre, using your existing 
SCSI drives. 

InfoStation -- ready for the future when you are, comes with 
all of these standard features	 and more: 

• 9 removable, Wide Ultra160, SCA drive earners 

• Audible and visual alarms 

• Configurable backplane, supports up to 4 host interfaces 

• 110 repeater module for multiple hosts and cascading 

• N+ 1, hot-swap, self-monitoring blower and power supplies 

• Slots for future, SES, NAS and SAF-TE upgrades 

• Programmable User Interface

Shipping 12/1/00. Or sooner. our all inclusive. OS-independent. 
plug-in Fibre to SCSI RAID Controller Module includes: 

• Dual lGbit/sec FC host, quad U160 device (2x4) configuration 

• Supports 1 Gbitlsec FC-AL and FC-SW 

• Supports up to 60 devices; up to 24 arrays, 32 II N 

• Supports RAID 0,1,0/1,3,4, 5, 10 or JFflP	 -	 - 

• Includes 128MB cache memory 	 '	 -- - 

• Data transfer rate of over 18,000 101 	 's	 0 

• (NiMH) cache battery back-up interhr 

• Online Capacity Expansion (can add devices during I/O activity) 

Call a StorCase representative at 1 (800) 337-8421 and find out how 
you can make the jump and take advantage of what Fibre has to otter 
without all of the associated costs.

EStoruase'"  
C -I N 0 L 0 0 

INGRM	
D&JI SMARAW P Bui MCPOPRCJ' cOtiAN DISTRIBUTING 

I: \I	 Iiu,dg  IiI\' 	 438	 IS !0	 4 \It	 mi I 	 I Id,	 m
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• MULTIPLE 
rN COMPUTER 
rN & VIDEO 

I'm
SIGNALS 

.P ON A SINGLE 
• SCREEN

SUPERVIEW'. 
FOR MAXIMUM FLEXIBILITY 

Up to 10 computer and/or 
video inputs 

Independent scale, position 8. zoom 
for each input 

Overall system resolution up to 
1600x 1200 

Inputs up to 1280 x 1024 

Computer on video overlays 

Control software 
for Windows 95/98/NT 

QUAVIEW. 
THE LOWER COST ALTERNATIVE 

4 computer and video inputs 

Full screen and quad mode 

Graphics inputs to 1280 x 1024 

Output to 1280x 1024 

Optional DVI digital output 

Visit our web site www.rgb.com 

RGB SPECTRUM5 
a visual communications company' 
950 Marina Village Parkway 
Alameda, California 94501 
Tel: (510) 814-7000 4U Fox. (510) 814-7026 
E-mail:sales@rgb.com
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World's Smallest 
Triaxial Accelerometer - Model 7269 

	

-'	 I his tria\i ii •i deco icier ss ciglis 0.4 gin 
iiid is sniill ciiouih to fit in an car! Measures 

	

-	 tip to 200l)g with outstanding resolution - 
for notion studs 

:f
Microminiature Triaxial ISOTRON® 
Accelerometer - Model 35A 

j

I II] s iSis roitilnistui a dci siiictcr is perfect 
or ibration and hock tcstiiig ondisk drives, 
ell phones and cmiii ir ii iiidhcld electronics. 

Stick it in your ear! 
That's what we asked race car drivers to do with our new triaxial 

accelerometer. Our miniature accelerometers and pressure transducers 

are used throughout the world - in sports, aerospace, automotive, 

aviation, defense, industrial, marine, medical, electronics and laboratory 

applications. And we are constantly adding new sensors and features 1. 

to meet your evolving needs. All of which boils down to tins: I t\oti'\ C 

got a challenge, call the dedicated people (It- Fii5icves. 

MEGGITT
	

loin / Quality l:Iicun

WHAT CAN WE DO 
OR YOU TODAY? 

)

ENDEVCO 

www.endevco.com/rd4t


applications@endevco.com 


i-iOO/982-6732 • 949/661-7231 fax 

It' it '	 Ini ion, pressure or shock, we can measure it. 
For More Information Circle No. 572



NASA-Sponsored Commercial Technology Organizations 	 B Greg 
These organizations were established to provide rapid access to NASA and other federal Mississippi Enterprise for 
R&D and foster collaboration between public and private sector organizations. They also Technology 
can direct you to the appropriate point of contact within the Federal Laboratory Consortium. Stennis Space 

To reach the Regional Technology Transfer Center nearest you, call (800) 472-6785. Center
,699 

NASA 
Commercial 
Technology 
Team

NASA's R&D efforts produce a robust supply of promising technologies with applications in many 
industries. A key mechanism in identifying commercial applications for this technology is NASA's 
national network of commercial technology organizations. The network includes ten NASA field cen-
ters, six Regional Technology Transfer Centers (R7TCs), the National Technology Transfer Center 
(N1TC), 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 
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.

NASA Program Offices 
At NASA Headquarters there are seven major 
program offices that develop and oversee 
technology projects of potential interest to 
industry. The street address for these strategic 
business units is: NASA Headquarters, 300 F 
St. SW, Washington, DC 20546. 

Ames Research 
Center 
Selected techno-
logical strengths: 
Fluid Dynamics; 
Life Sciences; 
Earth and 
Atmospheric 
Sciences; 
Information, 
Communications, 
and Intelligent 
Systems; 
Human Factors. 
Carolina Blake 
(650) 604-1754 
cblake@mail. 
arc.nasa.gov 

Dryden Flight 
Research Center 
Selected techno-
logical strengths: 
Aerodynamics; 
Aeronautics Flight 
Testing; 
Aeropropulsion; 
Flight Systems; 
Thermal Testing; 
Integrated 
Systems Test and 
Validation. 
Jenny Baer-
Riedhart 
(661) 276-3689 
jenny.baer-
nedhart@dfrc. 
nasa.gov

Goddard Space 
Flight Center 
Selected techno-
logical strengths: 
Earth and 
Planetary Science 
Missions; LIDAR; 
Cryogenic 
Systems; 
Tracking; 
Telemetry; 
Remote Sensing; 
Command. 
George Alcorn 
(301) 286-5810 
ga/com@gsfc. 
nasa.gov 

Jet Propulsion 
Laboratory 
Selected techno-
logical strengths: 
Near/Deep-Space 
Mission 
Engineering; 
Microspacecraft; 
Space 
Communications: 
Information 
Systems; 
Remote Sensing; 
Robotics. 
Merle Mckenzie 
(818) 354-2577 
merle.mckenzie@ 
jp/.nasa.gov

Johnson Space 
Center 
Selected techno-
logical strengths: 
Artificial Intelli-
gence and 
Human Computer 
Interlace; 
Life Sciences; 
Human Space 
Flight Operations; 
Avionics; 
Sensors; 
Communications. 
Hank Davis 
(281) 483-0474 
henry/davis 1@jsc, 
nesa.gov 

Kennedy Space 
Center 
Selected techno-
logical strengths: 
Fluids and Fluid 
Systems; Mate-
rials Evaluation; 
Process Engi-
neering; Com-
mand, Control 
and Monitor 
Systems; Range 
Systems; Environ-
mental Engi-
neering and 
Management. 
Jim Aliberti 
(321) 867-6224 
Jim.Aliberti- ira 
ksc.nasa.gov

Langley Research 
Center 
Selected techno-
logical strengths: 
Aerodynamics; 
Flight Systems; 
Materials; 
Structures; 
Sensors; 
Measurements; 
Information 
Sciences. 
Sam More/b 
(757) 864-6005 
s.a.more/bo@ 
larc.nasa.gov 

John H. Glenn 
Research Center 
at Lewis Field 
Selected techno-
logical strengths: 
Aeroproputsion; 
Communications; 
Energy 
Technology; 
High Temperature 
Materials 
Research. 
Larry Vitema 
(216) 433-3484 
cto@grc. 
nasa.gov

Marshall Space 
Flight Center 
Selected techno-
logical strengths: 
Materials; 
Manufacturing; 
Nondestructive 
Evaluation; 
Biotechnology: 
Space Propulsion; 
Controls and 
Dynamics; 
Structures; 
Microgravity 
Processing. 
Sally Little 
(256) 544-4266 
sally.11ttle@msfc. 
nasa.gov 

Stennis Space 
Center 
Selected techno-
logical strengths: 
Propulsion 
Systems; 
Test/Monitoring; 
Remote Sensing; 
Nonintrusive 
Instrumentation. 
Kirk Sharp 
(228) 688-1929 
kirk.sharp@ 
ssc.nasa.gov

Cad Ray 
Small Business Innovation 
Research Program (SBIR) 
& Small Business 
Technology Transfer 
Program (STIR) 
(202) 358-4652 
cray@mail.hq.nasa.gov 

Dr. Robert Norwood 
Office of Commercial 
Technology (Code RW) 
(202) 358-2320 
morwood@mail.hq. 
nasa.gov 

John Manikins 
Office of Space Flight 
(Code MP) 
(202) 358-4659 
jmankins@mail. 
hq.nasa.gov 

Wayne P. Zeman 
Lewis Incubator for 
Technology 
Cleveland, 0/-/ 
(216) 586-3888

Terry Hertz 
Office of Aero-Space 
Technology (Code RS) 
(202) 358-4636 
therfz@mail.hq.nasa.gov  

Glen Mucklow 
Office of Space Sciences 
(Code SM) 
(202) 358-2235 
gmucklow@mail. 
hq.nasa.gov 

Roger Crouch 
Office of Microgravity 
Science Applications 
(Code U) 
(202) 358-0689 
rcrouch@hq.nasa.gov 

Granville Paules 
Office of Mission to Planet 
Earth (Code Y) 
(202) 358-0706 
gpau/es@mtpe.hq.nasagov 

Thomas G. Rainey 
NASA KSC Business 
Incubation Center 
Titusville, FL 
(407) 383-5200 

NASA's Business Facilitators 

NASA has established several organizations 
whose objectives are to establish joint spon-
sored research agreements and incubate 
small start-up companies with significant 
business promise. 

Joseph Allen 
National Technology 
Transfer Center 
(800) 678-6882 

Ken Dozier 
Far-West Technology 
Transfer Center 
University of Southern 
California 
(213) 743-2353

Dr. William Gasko 
Center for Technology 
Commercialization 
Massachusetts 
Technology Park 
(508) 870-0042 

J. Ronald Thornton 
Southern Technology 
Applications Center 
University of Florida 
(352) 294-7822

Gary Sera 
Mid-Continent Technology 
Transfer Center 
Texas A&M University 
(409) 845-8762 

Lani S. Hummel 
Mid-Atlantic Technology 
Applications Center 
University of Pittsburgh 
(412) 383-2500

Julie Holland 
NASA Commercialization 
Center 
Pomona, CA 
(909) 869-4477 

Bridgette Smalley 
UH-NASA Technology 
Commercialization 
Incubator 
Houston, TX 
(713) 743-9155

Joanne W. Randolph 
BizTech 
Huntsville, AL 
(256) 704-6000 

Joe Boeddeker 
Ames Technology 
Commercialization Center 
San Jose, CA 
(408) 557-6700 

Marty Kaszubowski 
Hampton Roads 
Technology Incubator 
(Langley Research Center) 
Hampton, VA 
(757) 865-2140 

Chris Coburn 
Great Lakes Industrial 
Technology Transfer 
Center 
Battelle Memorial 
Institute 
)440) 734-0094 

John Fin 
NASA ON-LINE: Go to NASA's Commercial Technology Network (CTN) on the World Wide Web at Goddard Space Flight 
hftp://nctn.hqnasa.gov to search NASA technology resources, find commercialization opportunities, Center Incubator 

and learn about NASA's national network of programs, organizations, and services dedicated to tech- Baltimore, MD 
(410) 327-9150 x1034 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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4,250 There are easier decisions than choosing this waveform generator. But not many. Not when, at such low 

cost, you can get an 80 MHz waveform generator that can produce standard waveforms, arbitrary wave-

forms and pulses. That has sweep, burst, modulation and external clock reference. And comes from 

Agilent Technologies. 

It's the Agilent 33250A Function/Arbitrary Waveform Generator. Now in one instrument, you have all 

the flexibility you need to complete your design. Along with an easy-to-use graphical color display/inter-

face and built-in help system. Should you ever require it, you also have the help of another engineer, just 

by calling our toll-free number. 

For more information on the Agilent 33250A, you can call for a data sheet. Or visit our web site for an 

interactive overview. With nearly double the performance and the same price as its nearest competitor, 

it's one waveform generator you shouldn't have to think twice about. 

Agilent Technologies


	

1-800-452-4844," Ext. 7157
	

Innovating the HP Way 
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etwork Technologies, Aurora, OH, offers two models of its Universal Matrix 
KVM switches. The ST-2x8-U-DT and ST4x8-U-DT electronic keyboard-
video-mouse switches allow two or four users to individually command or 
simultaneously share up to eight PC, Sun, and Macintosh computers without 

the need for plug-in modules. Users can change platforms using adapter cables. 
Dedicated microprocessors prevent CPUs from locking up, and a keyboard hot-plug 
feature allows users to change keyboards - even between platforms - with no need 
to reboot. An LCD display. RS-232 control, and an On Screen Display user interface 
with password security are included. An optional dual redundant power supply 
is available, replacing lost power in case of a failure. 

For More Information Circle No. 738

Join Our 
Reader 
Panel 

T

he editors of NASA Tech 

Briefs invite you to join 

our Reader Advisory Panel. 

As a panelist, you'll be asked 

to review the magazine and 

give us feedback on what you 

like (or don't like), and what 

topics are important to your 

area of expertise. You'll also 

get a sneak peek of upcoming 

projects and products that you 

can help us shape to fit your 

needs. Periodically, we'll also 

ask you to complete reader 

surveys. If you'd like to join, go 

to www.nasatech.com/RAP 

and fill out the brief profile. 

NASA Technology Helps Firefighters 

T
echnologies that protect spacewalking .isn onauts in 
soon be available to firefighters through the devel-

opment of an advanced suit that offers greater p1 
tection, endurance, mobilit y, and butter cominu-
nications. Displayed at NASA Johnson Space 
Center's Inspection 2000 event last month in 
Houston, the suit could double the time a 

	

firefighter can battle a blaze before having 	 .: 

to rest and cool off. 

	

About 100 firefighters are killed and 	 - 
100,000 injured each 'ear. Johnson Space - 
Center USC) - working with the Houston 
Fire Department, the Department of 

Defense (DOD), and Lockheed Martin - 
has incorporated a number of NASA tech-
nologies into the advanced suit, including 
active cooling, which protects the firelighter 
from metabolic heat trapped in the suit. 
Combined with new hthrics on the outer gal 
ment, the liquid-cooling inner garment can .illois 

more lengthy exposure to temperatures up 
500°F, compared to a maximum of 300°F for cut I ent 
suits. The suit will be double-sealed, exposing no skin 
areas, and will provide greater impact protection and protec-
tion against hazardous materials. 

Firefighters, along with JSC engineers, have identified about 
40 potential areas for high-tech improvements. One of those 
improvements is the cooling capability. "With protection from

-.both internal and external heat sources, 
the firefighter will be able to extend 

I -	 the time available to perform the 
-	 tasks of saving lives and proper-

ty," said Tico Foley, an aero- 
-'	 space engineer in the Crew 

Station Branch of JSC's 

,4\	 -A	
Life Sciences 

The suit design is still 
-.	 evolving and could have an 

integrated helmet with 
duplex radio, infrared 
imaging to search for vic-
tiins, biodata and tempera-
lure sensors, and readouts 

I	 on the status of its life-sup-
'port system. The suit's modu-

 lar design also allows more free-
-- - - --	 lom of movement than present 

ills, and it is lighter in weight. 
The Houston Fire Department set 

cc l IIiIt lucius for the suit, and JSC's 
Technology logs I ransfer and Commercialization 

0th, u is coordinating the project. The DOD has developed 
heat stress models, and tested and evaluated materials. 

For more informaiwn, visit the Johnson Space Center Public Affiuirs 
01/ire at iVWU.J Si. nasa.gov/pao. 
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Just Tell Me 
When I'll Get It 

[No excuses. Give me 
a definite delivery time.] 

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

- 
:::.

Tight deadlines for lest and measurement equipment? When a drop 

dead delivery schedule is critical, TestMart—the precision instrumentation 

industry's new standard for credibility and reliability—brings you what 

you need when you need it. 

First, make an informed decision. Examine unbiased, detailed specs on over 

16,000 products in more than 130 categories on our website. Buy, lease or 

rent. It's your choice. 

Next, take immediate advantage of our secure, easy-to-use online commerce 

features to get accurate delivery information. TestMart will tell you when you 

will get your equipment, confirm that it's on its way, and then get it to you 

on time. You can also call toll-free or fax us to make TestMart your first 

choice for everything test and measurement. 

Now, go try it. We're ready when you are. 

www.testmart. corn 
toll free 1-888-665-2765 

For More Information Circle No. 566



Reader Forum 
Reader Forum is dedicated to the thoughts, concerns, questions, and comments of our readers. If you have a comment, a question 
regarding a technical problem, or an answer to a previously published question, post your letter 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 e-mail address or phone number. 

I
have a low-voltage downlight that in 
normal operation gets quite hot. I am 

looking for a product that will color 
glass and operate under this light 
source. I am trying to filter the light to 
give a specific light waveform output to 
light up artwork, bringing out various 
colors. However, the glass will become 
quite hot through operation. Thank you 
for any assistance. 

Rod Simpson 
rod_simpson@msn.com.au 

Does anyone know of any links to 
work done recently on ice detection 
using capacitive pressure sensors? I 
am interested in the simulation of 
actuations and a readout circuitry. 

Saed L. 
saedl@yahoo.com 

(Editor's Note: Saed, we published a tech

brief on page 74 of the October 1999 issue en-
titled "Frequency-Scanning Capacflectors" 
from Goddard Space Flight Center You can ac-
cess that brief and additional Technical Sup-
port Package information, on the NASA Tech 
Briefs web site at www.nasatech.com. NASA 
Ames Research Center (www. arc. nasa.gov ) 
and John H. Glenn Research Center (teniw.grc. 
nasa.gov) also are good sources of information 
on capacitive pressure sensors.) 

Several years ago, I was introduced to 
NASA Tech Briefs in a research laboratory 
where I worked. I remember browsing 
through my first issue thinking, "I can-
not believe they are so willing to share 
all these great ideas.. .this is an inventor's 
dream!" Its clear and succinct style kept 
me coming back over and over for ideas 
and solutions that I could apply in 
surgery and biomedical research. If the 
truth were to be known, many of the de-
vices and solutions that are applied to 
problems in my field of neurosurgery, as

well as in general medicine and other in-
dustries, come as a result of technology 
transfer. I am confident that a pivotal 
component or idea that will solve an-
other important problem in medicine 
lies within NASA Tech Briefs'covers. 

Scott R. Gibbs, M.A., M.D. 
Brain & NeuroSpine Clinic 
Cape Girardeau, MO 
sgibbs@mvp.net 

I am designing a helium-cooled (4K) 
quartz (fused silica) and Invar sample 
cell - sealed using indium metal - for 
neutron spectroscopy measurements. I 
need confirmation on the cryogenic 
thermal expansion properties of Invar 
36 between room-temperature and zero 
Kelvin. I would appreciate any reliable 
sources for this information. 

Henry Belch 
hbelch@anl.gov 
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CompuScope 14100 

14 Bit Resolution 

100 MS/s AID Sampling Rate 

50 MS/s Simultaneous 
Sampling on 2 Channels 

Up to 1 Billion Points 
Acquisition Memory 

50 MHz Bandwidth 

Multi-Card Systems of 
up to 16 Channels 

Bus Mastering and 
Scatter-Gather 

SDKs for C/C++, 
MATLAB & LabVIEW 

World's Most 
Powerful 
Dscilloscope 
Software

GCIG-

A Tektronix Technology Company 

Tel: 800-567-GAGE Fax: 800-780-8311 

e-mail: prodlnto@gage-applied.co' 

Outside U.S. call 514-633-7447 or Fax 514-633-0770 

ME 

Method of Forming 
Micro-Sensor Thin-Film 
Anemometer 
(U.S. Patent No. 6018,861) 

Inventors: Mark Sheplak, Catherine 
B. McGinley, Eric F. Spina, Ralph M. 
Stephens, Purnell Hobson Jr., and 
Vincent B. Cruz, Langley Research 
Center 

Turbulence measurements in high-
speed flows have historically been 
obtained by hot-wire anemometrv. 
However, high stagnation tempera-
tures, high dynamic pressures, and flow 
contaminants severel y limit the life of 
hot-wire elements in hypersonic flow. 
An alternative is hot-film anemometrv, 
with a thin metallic film deposited 
along the stagnation line of a rigid 
dielectric substrate, thus increasing 
mechanical strength. But the frequen-
cy response characteristics of the exist-
ing hot-film probes are inadequate to 
resolve the full turbulent spectrum for 
hypersonic flows. The inventors' device 
and method has fast response and 
durability in h ypersonic airflows. It 
provides an anemometer having a 
microsensor thin-film probe, a half-
wedge formed from a single crystal of 
aluminum oxide (i.e., sapphire) and 
containing an iridium sensor formed 
on its rounded tip along the stagnation 
line. The sensor is formed by first 
depositing a layer of copper over the 
sapphire substrate. A layer of photore-
sist is then deposited over the copper 
and dried. A contact print of the sensor 
shape is then made into the photoresist 
by exposure to UV light. The photore-
sist is then developed, leaving an open-
ing to the copper layer corresponding 
to the sensor shape. The copper is 
etched to produce an opening to the 
sapphire substrate corresponding to 
the sensor shape. The photoresist is 
removed and niobium is deposited on 
the exposed substrate. Without break-
ing the vacuum, iridium is deposited 
onto the niobium layer. The copper is 
then removed with an etchant and the 
probe is annealed in a hard vacuum at 
approximately 1000 degrees C to stabi-
lize the resistance of the sensor.

Sensors formed according to this 
method show a significant improve-
ment in frequency response due to the 
lower thermal inertia of the sensor 
compared to conventional 5.0-micro-
meter hot wire and existing hot films. 

Endothelium-Preserving 
Microwave Treatment for 
Atherosclerosis 
(U.S. Patent No. 6,047,216) 

Inventors: James R. Carl, G. Dickey 
Arndt, Patrick W. Fink, N. Reginald 
Beer, Philip D. Henry, Antonio 
Pacifico, and George W. Raffoul, 
Johnson Space Center 

Atherosclerosis is a progressive dis-
ease in which fatty, fibrous, calcific, or 
thrombotic deposits produce lesions 
consisting of plaque or scar tissue with-
in the arterial walls. As the lesions grow 
in size, the passageway through the 
coronary artery may be corresponding 
reduced in effective cross-sectional 
diameter (stenosis), restricting the 
nutrient blood flow to muscles of the 
heart. Techniques such as balloon 
angioplasty and UV laser angioplasty 
have been developed to mechanically 
increase the luminal opening, but they 
tend to traumatize the artery 's endothe-
hum, a very fragile layer of cells that lim-
its thrombotic processes, and often 
result in reclosing of the passageway. 
The invention provides methods and 
apparatus for thermally necrosing 
(ablating) connective tissue and soften-
ing fatty and waxy plaque in lesions by 
use of microwaves while controlling the 
temperature rise in other arterial tissues 
and in the endothelial layer. The lesion 
is heated while limiting damage to other 
tissues. The microwave power level of 
operation and its frequency, from 30 
GHz to 300 GHz, are chosen so that a 
temperature increase from absorption 
of microwave energy in the endotheli-
tim is limited by the blood exchange 
rate to a desired safe range. The heating 
period for raising the temperature a 
potentially desired amount, about 20° 
C, within the atherosclerotic lesion may 
be less than about one second. 

Over the past three decades, NASA has granted more than 1000 patent licenses in virtually every area of 

technology. The agency has a portfolio of 3000 patents and pending applications available now 


for license by businesses and individuals, including these recently patented inventions: 

For more information on the inventions described here, contact the appropriate NASA Field 

Center's Commercial Technology' Office. See page 12 for a list of office contacts. 
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Solid Edge Version 9: A Drafter's Friend 
Steven S. Ross 

Since 1996, Unigraphics Solutions (St. 
Louis, MO) has issued about one major re-
lease of its Solid Edge CAD/CAE software 
every six months. It's always been one of 
the easiest mechanical design packages to 
draw with, and it's always been one of the 
packages of choice for machine design 
and for reallylarge assemblies - espe-
cially when sheet metal is involved. We 
looked at Version 9 in beta in late October, 
just as the final version was being readied 
for distribution. We found some nice new 
features in the core product, but the real 
news is in the new extra-price add-ons. 

The biggest improvement is in weld-
ment design. The process now is more 
logical. After you design the parts to be 
welded, you can specify material-removal 
and other surface preparation, weld 
beads, and post-weld machining. You get 
all the documentation - pre-weld and 
post-weld. There's even a "label weld" 
command that lets you document 
changes in part edges and weld beads. 

You can toggle between fully detailed 
parts and simplified parts as needed. Dis-
play of simplified parts calculates much 
faster, helping you work with large as-
semblies. Users can specify how to sim-
plifv a part for display, and toggle be-
tween simple and detailed parts as 

Rendered 3D view. Passing the mouse over a 
part shows its edges in outline as well. 

needed. Users can also set the display to 
not calculate hidden edges. 

Several new "sensors" have been 
added. In Solid Edge, sensors continually 
monitor some parameter that you set—
minimum distances between parts, or 
sheet metal manufacturahility. New sen-
sors include surface area of a part, and a 
custom meter for (as an example) manu-
facturing cost. 

A bunch of little improvements help 
the drafter. The Move Part command,

for instance, now supports collision de-
tection. Control of text in drawings is 
much improved, and hole tables are eas-
ier to preserve. 

Translators - including STEP, IGES, 
DGN. DWG. and DXF - have been irn-

iJ 

Note that pass op the mouse over a part in this 
radiator assembly produces its label on the draw-
ing and highlights it in the edge bar at right. 

proved, but many designers will find the 
add-ons more exciting. One is an "engi-
neering handbook" by MechSoft.com 
that allows you to design parts using 
known or calculable properties. There's a 
Web publisher from Immersive Design 
that lets you turn Solid Edge files into 
Web content. It includes 3D models that 
can be viewed and manipulated inside In-
ternet Explorer. The Xpand3D module 
creates solid models out of 2D CAD draw-
ings in DXF, DWG, DGN, and IGES. It 
doesn't always work because designs can 
he ambiguous, even when you have mul-
tiple views. But it is a powerful tool. 

Unigraphics is hardly the only vendor 
selling to mechanical designers. Some 
other products are awesome with large 
assemblies. but Solid Edge is no slouch. 
One recent entrant in Unigraphics' an-
nual design contest actually designed an 
entire plant in Solid Edge as one large, 
65,000-part 'assembly." Solid Edge is par-
ticularly strong in sheet metal design. It 
uses the Parasolid kernel (Unigraphics 
owns it and licenses it to competitors), 
which may be a selling point to those who 
are worried about the chief competitor, 
ACS, which was recently sold. In theory, 
Solid Edge parts can be more truthfully 
translated to other Parasolid-based de-
sign products' file formats. 

But, frankly, the biggest advantage 
Solid Edge may have is among casual 
users - designers who spend less than 20 
percent of their time drafting. Solid Edge

is remarkably intuitive to use and respon-
sive on the screen, and it has a good Web-
based publishing system for collabora-
tion. Some will find it similar to what they 
are used to in the 2D CAD world. 

Version 9 is supported on Windows 
98, 2000, and NT 4.0 with Intel or AMD 
Athelon CPUs. It is not supported on 
Windows 95, but generally runs fine. We 
reviewed mainly in Windows 98 and Mil-
lennium Edition with 256 MB of RAM 
and a 733-MHz Intel Pentium III. The 
recommended minimum configuration 
is 128 MB of RAM and an OpenGL 
graphics card. We had it finning, slowly, 
in 64 MB of RAM on a Windows NT 4.0 
machine with a 200-MHz Pentium Pro 
CPU. 

The core product sells for $4,995. Ex-
isting Solid Edge customers get the new 
version as part of their annual $1,296 

The web publishing wizard, getting set to pub-
lish the drawing on screen to the Web. Notice 
the parts listing as well as the drawing itself. 

maintenance contract, along with unlim-
ited technical support. The new add-ons 
range from $495 (Web publisher, 
Xpand3D, feature recognizer) to $1,495 
(engineering handbook, XpresRoute tub 
path drafting), with annual maintenance 
about 20% of the purchase price. The 
add-ons can be bought as floating li-
censes for a premium of roughly 80%. 
This allows multiple workstations on a 
network to share (typically) one license. 
For purchasing information, visit UGS at 
http://www.solid-edge.com . 

Steve Ross is an Associate 
Professor at Columbia Univer-
sity's Graduate School of Jour-
nalism. He has been reviewing 
CAD software for 15 years. 
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So fast it should be illegal. 

The API Net Worlc CS2() sets a new 

standard for speed, size and capability.	 -


There's no holding back the CS20's dual 

6-i-bit processors running at speeds up to	 - 

833MHz. With a low-profile 1U form factor, 	 AN NetWorks C520 

integrated system management and network
• Single or dual Alpha 21264 processors running up to 833MHz 

• I  rack-mount form factor: 1.75H x 17W x 20D 

• Up to 2GB PC 100 RAM with ECC 4MB IDDR 12 cache per CPU 

• Integrated dual 10/100 Ethernet and Ultral60 SCSI 

• Two 64-bit PCI slots on independent buses 

• Easy clustering with remote management and monitoring 

features, its simply the most powerful choice 

for your demanding, compute-intensive 

applications. Take the CS20 for a test drive 

and forget about speed limits. Nothing 

calculates faster or smarter than Alpha 

technology froiii Al'! Net\\ork . 

Do the math. 

Start your research at 

www.api-networks.com 
Then give its it call at 

978-318-1117

A
Vfttftrrks^

i 

Do the math. 

For More Information Circle No. 563



Kenneth Wagner, Aerospace Technologist, 
Goddard Space Flight Center 

For More Information Circle No. 405

K
enneth \\agner  
is an Aerospace 

Technologist at 
NASA's Goddard 
Space Flight Center 
in Greenbelt, MD. He 
was the lead software  
engineer and lead • 
electrical engineer 
for the Pistol Grip Tool, it i in-

trolled power tool that is used on both 
shuttle and space station repair mis-
sions. (A tech brief on the Pistol Grip 
Tool was featured on page 62 of the 
November issue.) 

VJISA Tech Briefs: What is the Pistol 
(rip Tool and how does it differ from 
other power tools? 

Kenneth Wagner: The Pistol Grip Tool 
(PGT) is a rotary power tool that can be 
used to turn a drill bit, wrench socket, 
screwdriver, or other power tool bit. The 
major difference is the level of control 
the PGT offers in terms of the power 
and the torque applied. 

NTB:How long did it take to develop 
this tool? 

Wagner: We worked on it for about 
three years. Paul W. Richards, who was 
working in the Hubble Servicing Office 
at Goddard, saw a need for a handheld 
power ratchet tool that was self-con-
tained. Goddard had already built a 
larger ratchet tool, but it was in two 
pieces and was a little bit larger and 
harder to use. What Paul did was assem-
ble a team from Goddard, Orbital Sci-
ences Corp., and Swales and Associates 
(which is now Swales Aerospace), and 
we got together and built this handheld 
tool. And I think it supplements the 
other one nicely. 

NTh: The PGT features built-in sen-
sors. What functions do they perform? 

Wagner: There is an external port that 
allows you to program what the settings 

www.nasatech,coni

of the tool are going to be - it is not a 
fixed torque that it can generate. It can 
generate up to 14 different torque set- 
iin.s and six different speed settings 
I  ough the programming port. 

TB: How is NASA currently using 
l'GT? 

\Sagner: The tool is now flying on the 
Hubble servicing missions, and it will fly 
on all International Space Station as-
sembly missions. In orbit, an astronaut 
programs the tool with the Payload Gen-
eral Support Computer, or PGSC, while 
he or she is in the crew cabin. The PGSC 
is an IBM ThinkPad laptop. The astro-
naut then detaches the cable and goes 
out with the tool. It allows a lot of flexi-
bility on a mission. We also use the tool 
for easy and accurate screw loosening 
and to engage and disengage latches. 

NTB: What are some possible com-
mercial applications for the tool? 

Wagner: The tool could be used in any 
application where a precise amount of 
torque or turns is required. In some-
thing like auto repair, where under-
torquing or overtorquing could have 
dangerous consequences, I could see 
the PGT being used. The tool also could 
be useful in a manufacturing facility 
where workers would be able to apply 
precise torque and turn counts to deli-
cate fasteners in an assembly line; for in-
stance, in the assembly of eyeglasses or 
plastic-cased computers. It could be use-
ful in biomedical applications, where a 
doctor would apply precise torque to an 
orthopedic screw or to a brace. When 
used on screws, the PGT accurately tight-
ens them to keep from stripping their 
threads and makes sure enough torque 
has been applied to keep the screw tight. 

A full transcript of this interview appears 
online at www.nasatech.com. Mr. Wagner 
can be reached at kenneth. w. wagner. 1 @gsfc. 
nasa.gov.

NASA Tech Brie!, December 2000
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Emhart is a world leader in the design and supply of innovative fastening and assembly 

technology. From concept through installation, whether you're manufacturing around 

the corner or around the globe, Emhart provides cost-effective solutions for assembly 

applications. Visit us at www.emhart.com 	 A •'1T COMPANY
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ailure Modeling Tool 
Used for Shuttle Wiring 
Diagnostics 

TEAMS failure modeling software 
Qualtech Systems 
Wethersfield, CT 
860-257-8014 
www.teamqsi.com 

The Wiring Integrated Research 
(WIRe) team at NASA's Ames Research 
Center in Moffett Field, CA, utilized 
TEAMS (Testability Engineering and 
Maintenance System) failure modeling 
software to explore means of automati-
cally extracting high-fidelity failure 
models from the Space Shuttle's wiring 
database. 

Qualtech Systems developed an open 
interface to the SCAN (Shuttle Connector

'

____	
-	 rr 

__ II 

- I 

Analysis Network) database to import the necessary informa-
tion about modules, connectors, wiring harnesses, and 
jumpers, and automatically generated TEAMS models of all of 
the wire harnesses of a shuttle subsystem. Failure modes 
modeled include pushed pins and bent pins of connectors, 
opens and shorts of conductors, high-voltage dielectric break-
down and impedance mismatch, and noise pickup due to 
cable degradation.

To perform the tests, one or more connectors had to be de-
mated, and the test equipment was connected to the open con-
nectors. The mating and dc-mating of connectors was mod-
eled using switches and nodes. TEAMS assessed the test cover-
age and fault isolation of the wiring system, given the mate/ 
dc-mate status of the connectors as indicated by the SEAN 
database.

For More Information Circle No. 740 

CDs Will Help NASA Map 40 
Million Stars 
Charge-coupled devices (CCDs) 
Scientific Imaging Technologies 
Tigard, OR 
503-431-7100 
www.site-inc.com 

Scientific Imaging Technologies will sup-
ply 56 charge-coupler! devices (CCDs) for a 
space telescope that will map 40 million 
stars and search for new planets outside 
our solar system. The Full-sk y Astrometric 
Mapping Explorer (FAME) project, part 
of NASA's medium-class Explorer 
(MIDEX) program, is a five-year mis-
sion to be launched in 2004. Obser-
vations made during the mission could 
help resolve questions about the size and 
age of the universe. 

The CCDs are 4096 x 2048, 15-!.tm pixel devices that will 
be thinned and configured with an anti-reflective coating. 
CCDs are the key components in digital imaging systems. 
These highly sensitive, silicon-based microchips produce high-
resolution images by turning light into a stream of electronic

signals. which can be 
recorded, analyzed, 
and displayed. The 
CCD technology in-
corporates a patent-
ed process for thin-
ning and strengthen-
ing the silicon sub-
strate to accommo-

date the back-illumi-
nation of the CCD pix-

els, a process that yields 
devices with very high 
uantum efficiency (QE) at 
'elengths from near infra-
ultraviolet. 
technology will be utilized 
E satellite, a low-cost survey 
.igned to accuratel y deter-
distances, and motions of 40 

million stars within our galaxy. The telescope will 
measure stellar positions to less than 50 microarcseconds. To 

put this in perspective, the width of a typical strand of human 
hair would subtend 50 microarcseconds viewed from a dis-
tance of 130 to 190 miles. 

For More Information Circle No. 741 
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IFJe Rock! 
• S....

CE 

Plug-in DES LES

The DEWE-3010 and DEWE-2010 completely 
redefine what a data acquisition system should be. 
Not just portable and 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!

7!c' 

nFWE-RC 

DEWE-30 0 Ultra-portable 
omplete system 

Available in both data recording and industrial PC 

versions, Dewetron PC-based instruments really rock. 

Plastic boxes just can't compare. New built-in software 

makes setup and recording easier than ever. With plug-

in modules for direct connection of every sensor - strain 

gages, accelerometers, microvolts/volts/kilovolts, RTD's 

and thrmnr.ôiinIs (9 tvnesl LVDT's string nnts

-81Oc Shock Vioration 
• CE Mark, ISO-9000, ISO-14000 

VOO

	
• Portable PC Versions Available! 

'. 
\ •i r,' — ' .......r'	 ..	 ---v----

RPM and TACH signals from engines and turbines, 	 i.—. 

and even more Plus 1000Vrms isolation 

exceptionally low noise, and multiple range/filter 	 . 

selections on each plug-in module!  

Please call toll-free at +1(877) 431-5166	 . 

visit our website, or send email to:	 . 

werock@dewarneruca corn

Dewetron, Inc. 

Toll-free +1(877) 431-5166 

XjVr4	 -	 Tel: +1(401) 364-9464 

Fax +1(401)364 8565 

Qafti
^ll	

Website: www.dewetron.com 

trademarks acknowledged as the properties of their owners 

AMERICA	 AUSTRIA	 BELGIUM	 GERMANY • NETHERLANDS • SLOVENIA THE CZECH REPUBLiC- THE U.K. 

For More information Circle No. 534



NKK's liquid crystal smart switches could be 

the brightest idea you ever had.They can be 

programmed to display numbers, characters, 

still images and moving graphics. They can also 

be programmed with switch-to-switch animation 

sequences that guide users through an error-free succession 

of even the most complex actuations. Regardless of your 

industry, don't launch another application without looking 

into NKK Smart Switches. 

flKK 
StuitcheS 

Phone (480) 991-0942 • Fax (480) 998-1435

7850 E. Gelding Drive, Scottsdale, Arizona 85260 


www.lcdswitch.com 

Improved Infrared 
Imaging of Bulk Defects 
in CdZnTe Wafers 

The improved method would guide 
the "mining" of large wafers. The 
method is to be used in fabricating focal-
plane arrays of photodetectors for x-ray 
and gamma-ray astronomy. 
(See page 32.)

Improvements in Computed-
Tomography Imaging Spectrometry 

Improvements have resulted in un-
precedented capabilities for imaging 
with spatial, spectral, and temporal reso-
lution. The equipment in its present 
form could be used in medical and phar-
maceutical applications. 
(See page 36.)

GA Synthesis of Circuits Using 
Linear Representation 

This method of automated synthesis 
differs from other GA-based circuit syn-
thesis methods in that the topology of a 
circuit, the number of its components, 
and the types and values of the compo-
nents are all made to evolve by use of 
the GA. 
(See page 40.) 

Silicon Carbide npnp 
Thyristors 

Fabricated and tested as prototype 
power-switching devices, these thyris-
tors can operate at temperatures up to 
350 °C. These thyristors feature epitax-
ial n- and p-doped layers of 4H SIC in 
the sequence npnp, starting on the 
substrate, as opposed to the more con-
ventional pnpn structure. 
(See page 42.) 

Small Lidar Altimeter Would 
Operate at Low Light Levels 

Relatively high resolution would be 
achieved without resorting to high 
power. The unit is proposed for use 
aboard spacecraft for mapping land 
and sea surfaces. 
(See page 43.) 

Improved Methods of Testing 
Cryogenic Insulation Materials 

Two methods and their correspond-
ing apparatuses are based on the cryo-
gen-boiloff calorimeter method where-
in the amount of heat that passes 
through an insulation specimen to a 
cryogenic fluid in a vessel is propor-
tional to the rate of boiloff from that 
vessel. 
(See page 46.) 

Real-Time Optoelectronic 
Particle-Fallout Monitors 

Settings in which these instruments 
could prove useful include clean rooms 
for assembly of optical and electronic 
equipment, food-packaging facilities, 
and other areas where one seeks to pre-
vent product contamination by air-
borne dust and fibers. 
(See page 49.) 
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DT2040 Series 
High-accuracy 6 1/2 Digit PCI Multimeters 

Full function software provides all henchtop features 

via an eas\7 -to- m=—.- 

use interface 

Extensive	 v . 
measurement	 -*-'bi'. 

12n I 12, 

features	 r 
include: voltage, 

current, resistance, inductance, 

capacitance, as well as sourcinc 

capability and much more. 

m 

lad& Fz
0 

Free 
software, 
fast results! 
Our new Data Acquisition Omni CD" 

free with every PCI and USB board 

:aturing	 all the	 software you 

r' need to use our data acquisition 

boards and develop applications, 

including: the latest 32-bit WDM 

drivers for Windows 98, 2000, and NT; 

Duick DataAcq lm a TestPoint evalua-

in with ready-to-run applications, 

ad other software programs to get 

au up and running quickly; our full 

iataAcq SDK TM including a complete 

inction library and executable exam-

de programs with source code.

Widest line of data acquisition products... 
No compromise selection. 
Our free 298-page Product Handbook 
hardware and software: 

The best of PCI offerings 
•Analog inputs: 16-64 channels up to 1.25 Mhz throughpUt 

for all data acquisition needs 

• High-speed analog outputs for waveform generation 

• Support gap-free AID, D/A, and digital I/O 

• Extensive Windows® 98, NT, 2000 support ... all free 

• Simultaneous, full-speed, analog input and output 

• Custom-designed PCI Bus master interface for high-speed data transfers 

The leader in the USB revolution 
• Hot-swappable external connections, no power down, 

no reboot, all power and data via simple USB 

connection ... also ideal for laptops 

• Plug & Play signal conditioning ... directly connects 

with numerous sensors 

• 12-16-, 24-bit versions ... widest selection available 

.500 V isolation provides low-noise measurements 

prevents ground loops, and protects your PC 

• Autoranging for accurate measurements 

• Thermocouple support-temperature sensor provides 

cold-junction compensation 

. DATAX 
Highly Noise Resistant Signal Conditioning System 

Easily connect sensors to your PC via USB - including ther 

mocouples, RTDs, strain gauges, accelerometers, etc. 

Features intuitive software application control and an 

aclosed protective 

ise for optimal per-

'irmance even under 

' lie harshest industrial 
* 

•,.•, i I I ,	 ,	 onditions. 

Call us or visit us at the sites below...
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Your application is unique. 
Get the performance you desire. 
Our framegrabbers have software for every 

	

$	 level: free SDKs, drivers, ready-to-run applications, 
including full application software. 

'	 Free 
Software! 

	

O	 New Omni CD...all the 

sDiware you need to use DT 

PCI frame grabbers and develop 

applications. Includes development 

tools such as a full SDK with complete DLLs 

and executable example programs with 

source code; also includes the DT-Acquire 

application for easy board set-up and image 

capture. Drivers and documentation for all 

DI PCI frame grabbers included.

For Machine Vision 
• Up to 3 frame grabbers on 1 PCI board to conserve slots 

• Lowest per camera cost for simultaneous & multiplexed inputs 

• DI-Active Open Layers" architecture - easily migrate from one board to another 

• High speed scan rates for demanding applications 

For Imaging 
• Specially designed front end circuitry ensures high accuracy data sampling 

• Compatible with wide range of analog & digital cameras 

• Supports standard and non-standard video formats in monochrome or color 

• High accuracy, low noise, low jitter with our patented Fidelity front end 

DT Vision 
Foundry"

Software for 

Machine Vision 

pplications. 

-	 ut your industrial 

inspection appli-

cation on the fast 

track with the machine vision software 

package that takes you from concept 

to solution.

GLOBAL LAB® 
Image/2

Software for 

.	 Scientific and 

_________	 Jeneral Purpose 

-	 .	 Imaging Applications. 

A Windows-based 

image processing 

application that provides powerful 

tools and an easy-to-use programming 

environment.

Sci-PakTh' 

4

low-cost bundled 

ieasurement solution 

r scientific imaging 

pplications—Sci-Pak 

atures GLl/2 

StreamIine plus our new 

DT3120 frame grabber. 

Product Handbook 2000 Vol.2 

Free 298-page updated product catalog 

featuring new hardware and software, 

tutorials, and application examples.
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Fax this form for quickest processing of your inquiry, or use the on-line LeadNet 
Service at www.nasatech.com . (Click on: "Get More Information ... AST") 
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ARE YOU AN INSIDER? 
Subscribe today to receive the INSIDER, a FREE e-mail newsletter from NASA Tech Briefs. The INSIDER features 

exclusive previews of upcoming articles.. late-breaking NASA and industry news... hot products and design 

ideas.. .links to online resources.. .and much more. 

J I want to be an INSIDER. Send my newsletter to the following e-mail address: 

Name 

Company 

I also want to receive special-focus e-newsletters on the following technology topics: (check all that apply) 

J CAD/CAE	 J Lasers	 J Fiber Optics/Communications 

J Test & Measurement 	 J Optics	 J Imaging/Cameras 

For fastest service, sign up online at www.nasatech.com . 

Look for this button at the top of the home page,: 	 NEWSLETTER



Each month, you can find the Product of the Month on the 
UpFront editor's page of NASA Tech Briefs. The Product of the 
Month is a new product with exceptional technical merit and 
practical value to our more than 200,000 engineering and 
management readers. 

This month, we ask you to vote for the one product among 
those highlighted throughout the year that you feel was the 
most significant new product introduced for the engineering 
community this year. The product receiving the most votes 
will be named NASA Tech Briefs 2000 Readers' Choice Gold 
Winner for Product of the Year. The products with the second 
and third highest number of votes will be awarded the Silver 
and Bronze awards, respectively. 

Last year's winner of the Gold Award for Product of the Year 
was CoBrarn knowledge processing software from Invention 
Machine Corp. of Boston, MA. 

On the facing page are descriptions of each of the Products

of the Month chosen in 2000. Choose the one product you 
feel should receive Product of the Year honors, and cast your 
vote in one of the following ways: 

• Visit the NASA Tech Briefs web site at www.nasatech.com 
and indicate your choice on the Product of the Year ballot; 

• Complete the ballot below and fax it to the Editor at 
212-986-7864; or 

• Mail the ballot to: Product of the Year, NASA Tech Briefs, 
317 Madison Ave., New York, NY 10017. 

Only one vote per person will be counted. Your completed 
ballot must be received by January 26, 2001. All eligible voters 
will he entered in a random drawing to win valuable prizes 
contributed by past winners of Readers' Choice Awards. 

The 2000 Readers' Choice Awards will be announced on 
March 5, 2001, during National Manufacturing Week in 
Chicago. We'll also list the winners in the April issue of NASA 
Tech Briefs, and on our web site at www.nasatech.com. 

2000 NASA Tech Briefs Readers' Choice Product of the Year Ballot 

March: Intergraph Computer Systems (SG - Zxl 0 ViZual Workstation 

April: Computer Dynamics - Century-C/M series flat-panel 
computers/monitors 

J May: COMSOL - FEMLAB multiphysics modeling and analysis software 

June: Xerox Engineering Systems - MAX 200 wide-format digital 
document system 

J July: Capital Equipment Corp. - webDAO/1 00 web-based data 
acquisition device 

• August: Agilent Technologies - 54600 series oscilloscopes 

• September: IBM Engineering Solutions - CATIA Version 5 Release 4 
CAD/CAE software 

.j October: CUI Stack - IESP/1ESF miniature pressure sensors 

J November: The Math Works - MATLAB version 6 technical computing 
software 

J December: Network Technologies - Universal Matrix KVM keyboard-
video-mouse switches 

Name:  

Company:  

Address:  

City: 

State:  

Phone:
	

Fax: 

E-mail: 

Check only one box 

J January: Labtec - Spaceball 4000 FLX 3D motion controller/ 
input device 

] February: Autodesk - Autodesk Inventor Release 2 3D solid 
modeling software
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S	
Labtec, Vancou-
ver, WA, intro-
duced the Space-
hall 4000 FLX 
31) motion con-
roller / I n put 

device that mini-
usizes arm and 

wrist stress, and ti-.itiires an adjustable wrist 
pad for right- or left-hand use. It allows users 
to simultaneously pan, zoom, and rotate 3D 
models. With six-degrees-of-freedom motion 
control, users push, pull, or twist the 
PowerSensor ball for X, Y, and Z axis transla-
tions and rotations. Twelve buttons offer 
access to 22 customized functions. 

Ihe Century-
( "M Series of 
iiclosed flat-
and comput-

lint	 1.1	 Ii "(	 is iS .iilalile in four 
display si/i''. It ic units oiler an analog 
resistive touchsrreen and are available 
with or without a membrane keypad. They 
feature Celeron CPUs to 500 MHz, and 
have standard PC functionality with two 
RS-232 ports, two RS-232/422 ports, paral-
lel port, mouse, and a 1.44-M front-acces-
sible floppy drive.

Capital Equipment 

	

._.._	 Corp., Billerica, MA, 
nffers webDAQ/100, a 
Web-based data acqui-
sition device that com-
bines A/D and D/A 
hardware with Web 

built-in Web server, the 
system contains its own user interface. The 
user plugs the system into a network con-
nection, starts up their Web browser, and 
configures acquisition parameters, start and 
stop operations, and data reports. It features 
up to 32 MB of RAM, 500-KFIz throughput at 
12-bit accuracy on 32 input channels, and 
eight D/A output channels.

Autodesk In-
ventor Re-
lease 2 3D sol- 
uI modeling 

u . ., software from 
'tutodesk, 
San Rafael, I	 %s,	 (4 

on Adaptive 
Design, it iii.''.'. pinii ',s that enables users to 
design the way they think, and collaborate 
with teams. It allows intelligent 2D layouts to 
become the foundation for 3D assemblies, 
and lets designers relate parts and assem-
blies by specifying shape and position 
instead of parameters and equations. 

COMSOL, Burling-
'it W-1	 ton, MA, introduced 

F'EMB multiphy- 
sics modeling and 
analysis software 
that automates meth- 
ods of parametric 

aii.ulysis and itisiii optimization. The soft-
ware runs on top of MATLAB technical com-
puting software, and can model virtually any 
physical phenomena with partial differential 
equations including heat transfer, fluid flow, 
electromagnetics, and structural mechanics. 
It can import DXF drawing files from CAD 
software, and includes a model library of 
more thaii 80 models. 

rThe 54600
of os- 

loscopes

letnologies, 

 (.iIoral 
Springs, CO, 

I	 I - .	 i tigurations: 2-

and I li.uii iii ''i dic Utis il-signal oscillo-
scope with 2 16 channels. Is. The scopes 
include 2 MB of Mcga'/.00ns deep memory 
behind each channel, and a high-defini-
tion display system that maps deep memo-
ry into 32 levels of gray scale. Users can 
view two analog and up to 16 digital signals 
simultaneously.

Intergraph 
Computer 
Systems, 

-	 ..	 lluntsviIle, 
AL, offered 
the ZxlO 
V i Z u a 1 

U,Ik,lalwil iii, in 1w i brie is now 
owned by S(.l. Mountain View, CA.) The 
computer features Wahoo Technology with 
Streaming Multiport Architecture that 
improves system throughput and perfor-
mance of the 2D/3D graphics pipeline. The 
workstations feature 64-bit PCI buses, single 
or dual Pentium III 733-MI lz processors, 
and up to 8 GB of PCI33 ECC SDRAM. 

The MAX 
2(10 wide-
format dig-
ital docu-
nient Sys-

tem from 
X e r o x 

Engineering Systems, Stamford, CT, oper-
ates at 7.9" per second, delivering more than 
1,020 D-sized prints and 540 E-sized prints 
per hour. It features a highlight red option 
that allows users to communicate critical 
changes and hard-to-see details with red ink. 
The system features dual 400-DPI LEDs for 
image quality, 256 levels of gray, and the abil-
ity to print in red, black, or both. 

F IBM Engineering 
- Solutions, Dallas, 

TX, released CAIIA 
Version 5 Release 4 

UJ	 CAD/CAM/CAE 
- -'	 software for both 

- 2D and 3D design 
Illm iii, ,tjn,tit,', 12 new products and 39 
enhancements, including improvements in 
mechanical CAD, shape design and styling, 
manufacturing, analysis, cabling, and 
process coverage. It also features standard 
parts catalogs, sheet metal design integra-
tion, structure design, large assembly man-
agement, generative and interactive draft-
ing, and a 2.5-axis machining product. 

P .--
CUI Stack. Beaver-
toil, OR, offers the 
IFS!' Series Resin 
Molded Cover 
and IESF Series 
Flexible Board 
miniature pres-
sure sensors that 
use a proprietary 

material called lnastoiner. Ihe material pro-
vides both elasticity and conductivity, allow-
ing the sensors to continuously react to the 
degree of pressure applied. IESP sensors fea-
ture fixed pin mounting terminals: IESF sen-
sors are fastened with a pressure-sensitive 
tape and can mount to curved surfaces.

Ihe MathWorks, 
Natick, MA, re-
leased version 6 of 
MArLkB technical 

-	 computing software 
as part of Release 12 
of its product family. 

MAFLAB 6 includes a new desktop front-end 
and integrated tools that provide access to 
the software's math, analysis, visualization, 
and programming capabilities. New tools 
simplify conunon tasks such as importing 
data, performing analyses, and creating 
informative graphics. Also featured are opti-
mizations to the product's core matrix com-
puting and signal processing engines.

Universal Ma-
_ ,

mouse switches 
from Network 

• : :	 : : — I i'chnologies. 
Aurora. OIl, 

F ii ii li, ih,i allow two to four 
users to indivmdii.slI) coimiiiiaiud or simultane-
ously share up to eight PC. Sun, and 
Macintosh computers without the need for 
plug-in modules. Users can change plat-
forms using adapter cables. The keyboard 
hot-plug feature allows users to change key-
boards on the fly - even to a different plat-
form - without rebooting. 

-

- 
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• Special Coverage: ImagingNideo/Disp!ay Technology 

Electronics Manufacturers Use X-Ray 
Imaging Systems for Yield Improvement 

The higher yield due to x-ray imaging inspection means fewer 

PCBs to diagnose, repair, and re-test. 

C
ontract electronics manufacturers 
have become one of the largest mar-

kets for x-ray imaging systems, both in dol-
lar volume and unit sales. These systems 
typically are off-line, positioned at the end 
of the assembly line of the surface 
mount technology (SMT) process, 
and employed for inspection after 
value has been added andjust prior 
to the plated through-hole process. 
On-line systems, however, are be-
coming increasingly popular, as are 
combination x-ray and automated 
optical inspection (AOl) systems. 

The driver behind this compara-
tively new machine-vision market is 
the increased use of ball grid arrays 
(BGAs) and other area array de-
vices, as well as the desire for yield 
improvement and rapid rework 
that have emerged as concerns of 
overriding interest for printed cir-
cuit board (PCB) manufacturers. 

This interest in yield improve-
ment is largely motivated by the fact 
that an immense volume of process 
and test data is generated by a typi-
cal PCB manufacturer durin g test 
operations. The volume of data 
continues to grow as automated inspec-
tion instrumentation improves. As a re-
suit, manufacturing engineers and quality 
control personnel are constantly chal-
lenged by the need to rapidly collect and 
analyze any new data, and use it to im-
prove manufacturing yield rates. 

BGAs and X-ray Inspection 
X-ray inspection quickly is becoming 

one of the primary tools used by PCB 
and electronics contract manufacturers 
where BGAs, micro-BGAs, Chip Scale 
Packages (CSPs), flip chips, and other 
hidden connection devices have become 
standard elements in PCB design. Tra-
ditional verification methods are no 
longer sufficient to analyze these de-
vices. By using x-ray inspection, the char-
acteristics of hidden solder joints can be 
checked in a simple, reliable, and cost-
effective manner. The higher yield due

to x-ray inspection means fewer PCBs to 
diagnose, repair, and re-test. In some 
manufacturing operations, this improve-
ment in yield has been so dramatic that 
the manufacturer has been able to dim-

mate in-circuit testing (ICT) altogether 
with consequent savings in labor, capital, 
and floor space. 

In the case of functional board tests 
(FBTs), the savings can be even more dra-
matic. These savings can be brought 
about by shortening test times, reducing 
the number of failed PCBs requiring di-
agnosis, cutting down on the use and cost 
of skilled technicians, and virtually elimi-
nating "fatal" defects that lead to scrap-
ping of boards. 

Until BGAs were incorporated into 
product design, most PCB and electron-
ics contract manufacturers found little 
need to incorporate x-ray inspection 
into their production process. Tradi-
tional methods such as human visual in-
spection, electrical tests (including man-
ufacturing defect analysis or MDA), 
in-circuit, and functional tests were suffi-
cient. These methods, however, did not

provide adequate detection of hidden 
solder problems such as voids, cold sol-
der joints, and poor solder adhesion. 
Only x-ray inspection was able to detect 
these problems effectively, in addition to 

monitoring the orocess oualitv 
and providing immediate feed-
back required for proactive 
process control. 
Let's take a quick look at x-ray 
imaging and typical BGA prob-
lems. First is missing or mis-
placed solder and balls on BGAs 
once the devices have been 
mounted to the PCB. Second is 
solder bridging, which often oc-
curs - especially with reworked 
BGAs - when an excess 
amount of solder has been put 
on the contacts, or the solder 
was applied improperly. Third is 
misregistration - when the 
BGA balls do not align properly 
with the pads on the PCB. The 
fourth problem is solder voids, 
which are the result of the ex-
pansion of trapped compounds 
in the solder durin g heating. 

Choosing the Right System 
Choosing the right x-ray system can be 

a challenging task, given the choices in ca-
pabilities and price ranges for systems 
available today. Before making a decision, 
it is important to consider all of the re-
quirements to be placed on the system 
and the estimated savings derived from in-
corporating the system into the manufac-
turing process. Important factors to con-
sider include the initial cost, resolution, 
magnification, image-processing features, 
and the degree of automation desired. 
There is also another important consider-
ation: competitive advantage. On large 
contracts wherein PCB assembly is vitally 
important, the use of an x-ray system can 
be the deciding factor in being rewarded 
a contract. 

An important consideration is price. 
Systems can range from basic manual 
units starting at about $50,000, to fully au-

This fully Integrated, In-line x-ray 
Inspection system Is used to detect 
BGA defects that may occur during 
Me assembly process.

u 
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tomated in-line system	 -	 suited for high-volume/ 
costing over $500,000. An	 . I	 -	 low-mix applications. 
off-line, high-resolution \	 .	 ..- •, ...	 -	 .•	 .	 X-ray inspection sys- 
ray inspection system with	 V	 '	 t 	 tems are a proven tool to 
X-Y-Z indexing andjoysthk detect hidden solder 
control may be the nli

	
I	 establish and 

call for even the largest
PCB applications.	

i	
,	 ing process, analyze pro-

Manual systems gener-	 '!	
-	 totvpes, and identify pro- 

ally provide the most flex-	 w •	 cess faults. 
ible and economical solo- 	 .	 _______ 1	 Lon -term 
tion for x-ray inspection 
where thorough exami-
nation is not required. 
These systems typically are 
used in various stages 
in the manufacturing 
process, including the	 - 
inspection of incoming 
components, process 
monitoring, quality con-
trol, and failure analysis. With manual 
systems, an operator visually anal yzes an 
x-ray image and determines what repre-
sents a defect. However, as with any de-
cision based solely on operator judge-
ment, results will vary with operator skill, 
time of day, and throughput require-
ments. Results also can be affected by 
personal factors such as the relatively un-
even performance of human inspectors, 
the attention span of the particular op-
erator, even the specific day (inspection 
may be less effective on Friday afternoon 
than Monday morning). Nevertheless, 
these systems offer the greatest inspec-
tion flexibility and the quickest imple-
mentation time without in-depth opera-
tor training or system programming. 

Semi-automated x-ray systems oiler a  
higher level of inspection sophistication 
by using machine vision and programma-
ble device-positioning tables. These sys-
tems analyze device placement and solder 
integrity based on preset gray-level param-
eters. Although an operator is still re-
quired for subjective decisions, the ma-
chine vision-based x-ray inspection is 
inherently more reliable and offers 
greater throughputs than possible with 
manual inspection. 

Fully automated x-ray systems are 
most commonly used in high-volume/ 
low-mix manufacturing applications or 
instances where product liability issues 
dictate 100% solder-joint inspection. 
These systems feature pass-through 
conveyors and are designed to operate 
at line speed. Fully automated systems 
generally offer statistical process con-
trol (SP(,) information as an option. 

Turnkey manufacturing lines include in-line and off-line Inspection systems to detect 
voids and defects that occur during assembly.

br 

- improvement is a con-
cept that requires input 
from as many sources as 
possible. X-ray inspec- 
lion, where defect data 

- is automatically col-
lected, maintained, and 
monitored is an ideal 
starting point for im-
proving both product


	

Some automated systems also offer the 	 quality and yield. 

	

additional ability to perform cross-sec- 	 For more information, contact the au-

	

tional or three-dimensional inspection	 thor of this article, Luke C. Kensen, Direc-

	

of solder joints on double-sided hoards. 	 tor of Business Development, at Express 

	

These systems require significant	 Manufacturing, Santa Ana, CA; Tel: 714-

	

amounts of programming and opera- 	 979-2228; e-mail: LKensen@eminc.com; or 

	

tional support, and usuall y are best	 visit wwuireminc.rom. 
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O Finding Known Shapes in an Image by Pruning Parameter Space 
This method is both efficient and robust. 
NASA 'cJet Propulsion Laboratory, Pasadena, California 

An improved method of processing 
two- and three-dimensional image data to 
locate known shapes called "geometric 
primitives" involves (1) extraction of edges 
and other relevant image features and (2) 
performing a hierarchical search, in a 
space of parameters of equations that de-
scribe the shapes of the features, for those 
parameters that represent the geometric 
primitives. This method is inspired by 
prior object-recognition methods in which 
parameter spaces are recursively divided 
and pruned. The most closely related prior 
methods of this type are based on varia-
tions of the Hough transform. Whereas 
the prior methods have generally offered 
robustness or computational efficiency 
but not both, this method offers both, 
along with other advantages: It enables 
the efficient and robust extraction of geo-
metric primitives from noisy and incom-
plete data that include many distracting 
data, without need for initial estimates of 
the locations of the geometric primitives. 

In this method, one extracts geometric 
primitives from image data in the follow-
ing way: One searches for parameters that

satisfy a quantitative acceptance criterion 
based on the number of data features that 
approximate geometric primitives within 
a specified error measure. The search in-
volves the subdivision of the parameter 
space into rectilinear cells, possibly start-
ing from one or a few large cell (s). Each 
point in the parameter space represents a 
candidate position of a geometric primi-
tive in the data. The cells are volumes of 
the parameter space and thus represent 
continuous ranges of locations of geomet-
ric primitives in the parameter space. 

Each cell in the parameter space is 
tested to determine whether it can con-
Lain the parameters of a primitive that sat-
isfies the acceptance criterion. If the ac-
ceptance criterion is not satisfied, the cell 
is pruned. II the acceptance criterion is 
satisfied, then the cell is split into two sub-
cells and the subcells are examined recur-
sively. When the smallest specified cell size 
is reached, the primitive at the center of 
the cell is tested to determine whether it 
meets the acceptance criterion. 

At each state in this recursive process 
of division and pruning, the test is per-

formed by an efficient algorithm that is 
conservative in that it never rules out a 
cell that contains a good primitive. Al-
though this test can sometimes fail to 
rule out a cell that does not contain any 
good primitive, this failure does not re-
sult in false positives in the end because 
false positives are ruled out in the subse-
quent tests performed at subsequent 
finer subdivisions. 

An interesting facet of this method is 
that a hierarchy is constructed not only 
in the parameter space, but also in the 
image feature space. This makes it possi-
ble for many image features to be 
pruned at each step with little computa-
tion, in addition to the pruning in the 
parameter space. Empirical evidence 
suggests that this hierarchical pruning 
reduces the complexity of the extraction 
process. In cases in which the number of 
data greatly exceed that needed for ex-
traction of geometric primitives, robust 
random sampling can also be used to in-
crease speed. 

In some initial test cases, the geometric 
primitives were relatively simple shapes 
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ORIGINAL IMAGE	 DETECTED CIRCLES

Circles in a Noisy Scanned Engineering Drawing were detected by processing the digitized scanned image according to the method described in the text. 
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Spectrum Astro, it's about achieving a higher standard of success. One that demands 

accountability in meeting today's cost and schedule constraints while attaining even 

the most complex mission goals. Time and time again, Spectrum Astro has delivered 

superior space system performance to its customers at record-setting speed and low 
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(circles and cylinders). The test cases were 
representative of three different image-
recognition problems: identifying craters 
in digital images of planetary bodies, de-
tecting the predominantly cylindrical 
bodies of unexploded bombs in images of

it niilitai\ test range, and dctrs ting circles 
in an engineering drawing (see figure). 
Examples of other potential applications 
include locating parts for robotic assem-
bly and detecting symbols in engineering 
drawings for transcription by computer.

1710 uv,ik was (hThP liy (Ia* F Olson o/ 
Ca/tech J(n NASA's Jet Propulsion Labora-
tory. For further infornuition, access the Thch-
nical Support Package (ThP) free on-line at 
wwusnasatech.com under the Information Sri-
encsrc category. APO-20941 

40-6) Improved Infrared Imaging of Bulk Defects in CdZnTe Wafers 
Images would guide the "mining" of large wafers for fabricating x-ray detectors. 
Goddard Space Right Center Greenbelt, Maryland

An improved method of infrared 
imaging of hulk defects in cadmium zinc 
telluride (CdZnTe) wafers has been de-
veloped. The method is intended pri-
marily to be a means of identifying those 
portions of large CdZnTe wafers that are 
suitable to be "mined" for use in fabri-
cating focal-plane arrays of photodetec-
tors for x-ray and 'y-ray astronomy. Suit-
able portions are those that exhibit 
acceptably high degrees of uniformity of 
x-ray spectral response. The present 
method of infrared imaging is useful for 
identifying the suitable portions be-
cause, as described below, there is a cor-
relation between (1) x-ray spectral re-
sponses and (2) infrared images of bulk 
defects that affect those responses.

Prior to the development of the pre-
sent method, numerous investigators 
had used infrared-transmission imaging 
to document the distribution of bulk de-
fects in CdZnTe. Incandescent lamps 
were used as the sources of radiation, 
and the infrared images were detected

by silicon charge-coupled-device cam-
eras operating at wavelengths just be-
yond the visible range. The present 
method is also one of infrared transmis-
sion imaging, but the wavelength range 
and the means of implementation are 
different. 

Specimen 

Black h
Radiometer Body IE	 Infrared 

Three-Axis Translation Stage 

Figure 1. Black-Body Infrared Radiation passes through a specimen and is detected by a radiometer 
to form an image of bulk defects in the specimen. 
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Figure 1 schematically depicts the ap-
paratus used in the present method. The 
source of radiation is a large-area black 
body at a temperature of 70 °C. The ra-
diation detector is an infrared radiome-
ter that operates in the wavelength 
range of 8 to 12 pm; it includes an 
HgCdTe photodetector cooled to 77 K 
by liquid nitrogen. A three-axis transla-
tion stage is used to manipulate a 
CdZnTe specimen wafer. Various lenses, 
including a microscope objective, are 
used to optimize images of defects. 

During the development of the present 
method, experiments were performed to 
determine whether the infrared images 
produced by the apparatus described 
above could be used to identify the de-
sired portions of CdZnTe wafers. In these 
experiments, CdZnTe specimen wafers of 
two different sizes (15 by 15 by 2 and 26.9 
by 26.9 by 2 mm) were set up as planar 
photodetectors and exposed to a colli-
mated beam of x rays from a 160-kV mi-
crofocus x-ray tube. The collimated beam 
was either 100, 250, or 500 pm sside. Each 
specimen was mounted on a computer-
controlled, motorized translation stage 
and was translated in 100, 250, or 500 pm 
increments across the detector plane. At 
each increment of position, the CclZnTe 
detector output was processed into an x-
ray-spectral response by a simple pulse-
height-analysis system. 

The bulk defects that can be seen in 
the infrared images include grain 
boundaries and twin boundaries deco-
rated with tellurium inclusions, and 
pipelike voids. The results of the experi-

1 cm


INFRARED-TRANSMISSION IMAGE 

ments show that there is a correlation 
between poor x-ray-spectral response 
and grain boundaries decorated with tel-
lurium inclusions (see Figure 2). 

It would he natural to ask why the in-
frared imaging method is preferable to 
generation of x-ray spectral images of 
wafers. The answer is simply that it would 
take a long time to scan a wafer [about 80 
hours at 500-pm resolution for a 5-in. 
(127-mm)-diameter wafer] and most of 
that time would he wasted because of 
large defect densities encountered in 
practice. Instead, one could use the pre-
sent infrared-imaging method to screen

1 cm 

X-RAY SPECTRAL IMAGE 

(BASED ON COUNTS IN CHANNEL OF 


SPECTRAL PEAK) 

an entire wafer quickly to identify areas 
with acceptably low defect densities and 
dimensions large enough for fabricating 
photodetector arrays. 

This wm* was done by Bradford Parkes J. 
Timothy %in Saul, Richard Mullinix, C. M. 
SlahIe, A. Al. Parsons, andj Tueller of God-
dard Space Flight Center, Bruno Munoz of 
Unisys Coip., S. D. Barthelmy of Universities 
Space Research Associates, and S.jSnodgrass 
of Raytheon STX. For further information, ac-
cess the Technical Support Package (TSP) free 
on-line at wwucnasatechcom under the Physi-
cal Sciences categoly. 
GSC-14255 

Figure 2. Infrared-Transmission and X-Ray Spectral Images of the same CdZnTe specimen exhibit cor-
relations that can be useful in selecting relatively-defect-free areas for fabrication into focal-plane ar-
rays of x-ray detectors. The x-ray spectral image comprises four subimages because for operation of 
the CdZnTe specimen as an x-ray detector, it was necessary to subdivide its anode contact into four 
areas to reduce leakage noise. 

Image Generators With Compact Optics 
These devices can be used for head-mounted, helmet-mounted, and eyeglass-mounted displays. 
Lyndon B. Johnson Space Ceziiei; Houston, Texas 

Compact image generators that con-
tain illumination sources and electroni-
cally controlled spatial light modulators 
have been invented. Compactness is 
achieved by folding of the optical paths 
that link the illumination sources, the spa-
tial light modulators, and the viewing re-
gions into which images are projected. 
The optical configuration of a device of 
this type ensures that a large proportion 
of the light from the illumination source 
is directed into the viewing region; conse-
quently, the device is unusually energy-ef-
ficient for a display device and can, there-
fore, be operated at a relatively low power 
(possibly even battery power) for a given 
display brightness. By virtue of their com-
pactness and low power consumption, 
these image generators are suitable for

head-mounted, helmet-mounted, and 
eyeglass-mounted displays. 

These image generators can he de-
signed in a number of alternative optical 
configurations, of which one is depicted 
in the figure. The precise nature of the il-
lumination source is not critical; the 
source can consist, for example, of one or 
more light-emitting diodes, laser diodes, 
cold-cathode or field-emitter cathodolu-
minescent sources, or incandescent or flu-
orescent lamps together with a switcliahle 
color filter. The spatial light modulator is 
of a reflective (as distinguished from 
transmissive) type that eflecLs modulation 
by either changing or not changing the 
polarization of light upon reflection, de-
pending on the electronically controlled 
ON/OFF status of each pixel. The modu-

lating medium in the spatial light modu-
lator is typically a ferroelectric liquid crys-
tal layer. 

Light from the illumination source is 
dimectecl through an auxiliary polaiizer 
into a polarizing beam-splitting cube. The 
auxiliary polarizer passes only light that is 
s-polarized with respect to incidence on 
the polarizing beam-splitting film in the 
cube. The film reflects most of this s-po-
larized light toward the spatial light mod-
ulator. The light reflected from the spatial 
light modulator contains the desired 
image in the form of pixel-by-pixel s'aria-
tiomts in the proportions of s-polarized and 
p-polarized light. 

The modulated light goes back into the 
cube, where it is analyzed by the polariz-
ing beam-splitting film: The ,-polarized 
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(unchanged) portion of the modu-
lated light is reflected back toward the 
illumination source. The p-polarized 
image-bearing light passes through the 
film, then out of the cube, then

through a quarter-wave plate, until it 
strikes a concave mirror. After reflec-
tion from the concave mirror, this light 
passes hack through the quarter-wave 
plate.

The double pass through the quarter-
wave plate converts the polarization from 
p to 5; consequently, upon striking the po-
larizing beam-splitting film, this image-
bearing light is reflected out of the cube 
toward a viewing region. The curvature 
(and thus the focal length) of the mirror 
is chosen, in conjunction with the other 
dimensions of the optics, so that (1) to en-
sure efficient utilization of light, a real 
image of the illumination source is 
formed within the viewing region and (2) 
a magnified virtual image of the pattern 
of modulated light can be viewed by an 
eye placed within the viewing region, fac-
ing toward the cube. 

In some applications, it is desirable to 
provide for adjustment of the gap be-
tween the cube and the spatial light mod-
ulator and the gap between the cube and 
the concave mirror, in order to enable fo-
cusing of the viewable image. Optionally, 
once these adjustments have been com-
pleted, the various optical components, 
including the cube, can be cemented to-
gether to produce a rugged assembly that 
resists misalignment. 

This work was done iiv Mark A. Handschy, 
Michael R. Meadows, Martin Shenker, and 
Paul E. Weissman of Di.splaytech, Inc., for 
Johnson Space Center. For further informa-
tion, access the ièchnical Support Package 
(TSP) free on-line at www.nasatech.com 
under the Physical Sciences category. 

In accordance with Public Law 96-517, the 
contractor has elected to retain title to this in-
vention. Inquiries concerning rights for its 
commercial use should be addressed to 

Mark Handsch 
Displaytech, Inc. 
2602 Clover Basin Drive 
Longmont, CO 80503 
Refer to MSC-22992, volume and number 

of this NASA Tech Briefs issue and the page 
number 

Fires 
Hydrogen fires can be seen 
even in full daylight. 
Stennis Space Center, Mississippi 

A hand-held instrument that contains 
two silicon-based charge-coupled-device 
(CCD) video cameras (see figure) has 
been developed for imaging hydrogen 
fires. This or a similar instrument is 
needed because the visible light emitted 

@Hand-Held 
Instrument for 
Imaging Hydrogen 
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by a hydrogen fire is so dim that the fire 
cannot be seen by the unaided human 
eye - at least, not in bright daylight. 
Like some other CCD-camera-based in-
struments developed previously for the 
same purpose, this instrument is de-
signed to operate at infrared wavelengths 
where hydrogen fires appear bright, rela-
tive to solar background light. One CCD 
camera is called the "cloudy" camera, 
while the other is called the "sunny" cam-
era, to indicate the different lighting

conditions under which the cameras are 
designed to operate. In front of the 
"cloudy" camera is a long-wavelength-
pass filter with a cutoff wavelength of 800 
nm; during overcast, this filter blocks 
enough background light to make a hy-
drogen flame appear bright against the 
background. In front of the "sunny" cam-
era there is a long-wavelength-pass filter 
with a cutoff wavelength of 1,100 nm; 
this filter blocks the solar background in 
the presence of full sunshine, such that a

hydrogen flame is brighter than the solar 
background. The infrared images in the 
cameras are converted electronically and 
displayed to the instrument operator as 
visible images on miniature cathode-ray 
tubes in electronic viewfinders. A switch 
enables the operator to select the camera 
depending on the current light condi-
tions. Optionally, both cameras and their 
viewfinders can be used simultaneously 
for binocular viewing. 

The instrument includes a nonimag-
ing, lnGaAs-based photodetector that has 
a field of view 40° wide. This photodetec-
tor is preceded by a band-pass filter with a 
nominal pass wavelength of 1,360 nm, 
which is the wavelength of a peak in the 
emission spectrum of a hydrogen flame. 
This photodetector provides additional 
spectral discrimination of a hydrogen 
flame; it can also be used to trigger an au-
dible alarm and a visible flash by light-
emitting diodes (LEDs) inside the 
viewfinders, thereby helping to prevent 
the operator from overlooking a small hy-
drogen flame. 

This instrument can be used to view a 
hydrogen flame only 8 in. (20 cm) long 
from a distance of 50 ft (15 m) in full sun-
light. It can also be used to image alcohol 
fires, typical hydrocarbon fires, and em-
bers, which emit in the same spectral 
regions as do hydrogen fires. Because a 
hydrogen fire, an alcohol fire, a hydro-
carbon fire, or an ember can be seen 
readily only through the instrument, the 
operator can readily distinguish between 
these phenomena and a bright artificial 
light or a solar reflection, which can be 
seen without the instrument. 

This work was done Heidi L. Barnes of 
Stennis Space Center and Harvey S. Smith 
of Lockheed Martin. For further information, 
access the Technical Support Package (iSP) 

free on-line at wwwnasatech.com under the 
Physical Sciences category. 

This invention has been patented by NASA 
(U.S. Patent No. 5,726,632). Inquiries con-
cerning nonexclusive or exclusive license for its 
commercial development should be addressed to 
the Patent Counsel, Stennis Space Center; 
(228) 688-1929. Refer to SSC-00040. 
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(& Improvements in Computed-Tomography Imaging Spectrometry 
CGHs are used for dispersion, and a modified calibration procedure saves time. 
NASAJei Propulsion Laboratory, Pasadena, California 

Two major improvements, described 
below, have been made in the construc-
tion and operation of a computed-
tomography imaging spectrometer 
(CTIS). These plus future improve-
ments can be expected to enhance the

practicality and commercial viability of 
CTISs, which, in principle, offer un-
precedented capabilities for imaging 
with spatial, spectral, and temporal res-
olution. For example, the CTIS in its 
present form could be used in medical

and pharmaceutical applications to per-
form spectral imaging of transient 
scenes that contain fluorescent dyes. 
With increases in spectral accuracy and 
spatial resolution, it could be used for 
remote sensing. 
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A CTIS includes a spectral disperser in 
the form of a two-dimensional diffrac-
tion grating positioned between two 
relay lenses in a video imaging system 
(see figure). If the disperser were re-
moved, the system would produce ordi-
nary images of the scene in the field of 
view of the system. In the presence of 
the grating, the image on the focal plane 
of the system contains both spectral and 
spatial information because the multiple 
diffraction orders of the grating give rise 
to multiple, spectrally dispersed images 
of the scene. By use of algorithms 
adapted from computed tomography, 
the image on the focal plane can be 
processed into an "image cube" - a 
three-dimensional collection of data on 
the image intensity as a function of the 
two spatial dimensions (x and y) in the 
scene and of wavelength (k). Thus, both 
spectrally and spatially resolved informa-
tion on the scene at a given instant of 
time can be obtained, without scanning, 
from a single snapshot; this is what 
makes the CTIS such a potentially pow-
erful tool for spatially, spectrally, and 
temporally resolved imaging. 

Prior to the improvements reported 
here, the two-dimensional gratings for 
CTISs were constructed by stacking and 
crossing one-dimensional gratings. The 
disadvantages of this approach are that 
(1) total throughput efficiency is low, 
(2) diffraction-order efficiencies cannot 
be tailored to prevent saturation of 
focal-plane-array (FPA) photodetectors 
by weakly dispersed orders, and (3) the 
pattern of dispered images does not fill 
the FPA area efficiently. This leads to the 
first of the two improvements, which is 
the use of coniputer-generated holo-
grams (CGHs) as the two-dimensional 
dispersers. The CGHs offer high total ef-
ficiencies and can be designed to gener-
ate arbitrary patterns of diffraction-

order efficiencies. The CGHs are made 
from poly(methly methacrylate) by ana-
log direct-write electron-beam lithogra-
phy followed by development in pure 
acetone. 

To be able to use the computed-to-
mography algorithms to reconstruct a 
scene from an image on the focal 
plane, one must first determine con-
nection weights from positions and 
wavelengths in the scene to detector 

pixels. One can determine the connec-
tion weights fairly directly by measuring 
pixel detector outputs while scanning a 
monochromator-illuminated optical 
fiber across the scene. Such a complete 
calibration procedure is hardware-in-
tensive and is time-consuming because 
the entire scene must be scanned anew 
for each resolution element in the 
image cube. This leads to the second 
improvement, which is a modification 
of the calibration procedure. 

In the modified procedure, one does 
not scan the entire scene; instead, one 
uses measurements taken while the sin-
gle point in the center of the scene is il-

luminated at each wavelength of inter-
est in the pass band of the CTIS. There 
are two steps in the modified calibra-
tion procedure. In the first step, the 
pixel outputs are measured at each 
wavelength. From the measurements, 
the corresponding system efficiencies 
(throughput fractions) are calculated 
for all diffraction orders at all the wave-
lengths. In the second step, the system 
efficiencies are used in a ray-tracing 

computer program that calculates the 
connection weights from all scene posi-
tions to all pixels on the focal plane. 
The calculation accounts for transmis-
sivities of lenses and other optical ele-
ments, plus spectral responsivities of 
the photodetectors. 

This work was done by Daniel Wilson, 
Paul D. Maker, and Richard Muller of Cal-
tech and Michael Descour and Eusta4-e l)en'-
niak of the University of Arizona for NASA's 
Jet Propulsion Laboratory. For further in-
formation, access the Technical Support Path-
age (iSP) free on-line at wwucnasatech.com 
under the Physical Sciences category. 
Js/P0-20561 
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This is an Experimental CTIS. The heart of this instrument is the two-dimensional diffraction grating, 
which spectrally disperses an image of the scene in two spatial dimensions. Superior two-dimensional 
gratings with tailorable properties can be in the form of PMMA computer-generated holograms fab-
ricated by electron-beam lithography and etching. 

FY Program for Displaying Large, Coregistered Images 
NASA's jet Propulsion Laboratory, Pasadena, Calfornia 

DataSlate is an easy-to-use Java-lan-
guage computer program for displaying 
coregistered raster images representing 
large sets of data. The program includes 
a main viewing module that can display 
image data that have been converted into 
a special DataSlate format called "Simple-
Struct" by use of an Interactive Data Lan-
guage program called "SimpleGen." The 
conversion into SimpleStruct optimizes 
the organization of the data in the sense 
that it simplifies any computations that 
must be done subsequently during pe-
rusal of the data. DataSlate enables the

user to navigate very large sets of scien-
tific data visually: DataSlate presents a 
slatelike user interface with simple but-
tons to select sets of data or to zoom in or 
out. The user can scroll through a set of 
data by simply dragging a cursor on a 
screen. DataSlate can also dynamically 
load plug-in software tools (e.g., for mea-
suring lengths, angles, areas, or geo-
graphic coordinates) at run time. 
DataSlate can also traverse coregistered 
collections of data and can present a sec-
ond data channel in a window on the 
screen to facilitate correlation or com-

parison of two sets of data (e.g., from two 
sensors and/or taken at different times). 

This program was written by Akos Czik-
mantory, Michael Martin, Adrian Godoy, 
David Hecox, Jose Pena, and Jason LaPointe 
of Caltech for NASA's Jet Propulsion Lab-
oratory. For further information, access the 
Technical Support Package (TSP) free on-line 
at warw.na.satech.com under the Information 
Sciences category. 

This software is available for commercial 
licensing. Please contact Don Hart of the Cal-
ifornia Institute of Technology at (818) 393-
3425. Refer to APO-20691. 

- 
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exception to the unfolding 
process as described thus 
far is made for the last com-
ponent in the list: The last 
node to be created is con-
nected to the output termi-
nal by a wire. This excep-
tion prevents the construc-
tion of circuit branches with 
unconnected ends. 

The role of the GA in the 
synthesis of a circuit is to 
govern the evolution of 
both number of byte codes 
in the list and the specific 
bytes in each byte code. 
The GA operates on a pop-
ulation of lists of byte 
codes, introducing the byte 
equivalent of mutations. 
For each member of the 
population, the unfolding 

Figure 2. This Low-Pass Filter for an electronic stethoscope was process is carried out, and 
synthesized by the method described in the text. The simulated the electrical performance 
frequency response of the circuit is nearly identical to the target of the circuit thus synthe-
frequency response. 
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VOW GA Synthesis of Circuits Using a Linear Representation 
The procedure for designing many practical circuits can be partly automated. 
Ames Research Center, Moffett Field, California

A method of automated synthesis of 
electronic circuits involves the use of a 
linear (as defined below) genome repre-
sentation of circuit elements and of con-
nections among them, plus a relatively 
simple unfolding technique, in conjunc-
tion with a genetic algorithm (GA). The 
method differs from most other GA-
based circuit-synthesis methods in that 
the topology of a circuit, the number of 
its components, and the types and values 
of its components (e.g., inductances, ca-
pacitances, and resistances) are all made 
to evolve by use of the GA. 

The linear genome representation is a 
list of byte codes. The unfolding process 
is essentially an algorithm in which the 
byte codes are interpreted to construct a 
mathematical model of a circuit. In each 
step of the process, the algorithm starts 
at one node of the circuit (called the 
"active node"), proceeds to another 
node, and connects the two nodes with 
a component, as instructed by a byte 
code. The byte code for each compo-
nent includes (1) an opcode, which 
specifies the type of component and the

sized is simulated numerically by the 
SPICE circuit simulation computer pro-
gram. The fitness of that member of the 
population is quantified by a measure of 
the difference between the desired cir-
cuit output and the actual output ac-
cording to the simulation. For the sake 
of speed, the GA is implemented in a 
master/slave parallel-processing scheme 
in which a controlling computer gener-
ates the members of the population and 
assigns each member to one of a num-
ber of other computers that perform the 
unfolding process, the simulation, and 
the evaluation of fitness. 

At its present state of development, 
the method excludes some circuit 
topologies. Nevertheless, it does enable 
automated synthesis of many practical 
circuits that have been designed in the 
traditional way. For example, one practi-
cal circuit synthesized by this method is 
a low-pass filter for an electronic stetho-
scope (see Figure 2). Further develop-
ment of the method can be expected to 
remove some of the topological restric-
tions. The incorporation of three-termi-
nal devices (e.g., transistors) has pro-
duced amplifier circuits recently. 

This work was done by Jason D. Lohn and 
Silvano P Colombano of Ames Research 
Center. For further information, access the 
Technical Support Package (TSP) free on-line 
at w'urw.nasat.ech.com under the Electronic 
Components and Systems category. 

Inquiries concerning rights for the commer-
cial use of this invention should be addressed 
to the Patent Counsel, Ames Research Center 
(650) 604-5104. Refer to ARC-] 4302. 

Input Node	

-	 -	

Output Node 

Circuit To Be 
- 

R	

Constructed	

R Output 

I 

Vs .:

	

11 
Voltage 

Figure 1. A Circuit Is Constructed between fixed input and output terminals. The input source voltage 
V. source resistance R. and load resistance R, are specified in advance. 

identity of the node to which the far end 
of the component is to he connected, 
and (2) bytes that specify the value of 
the component. 

The unfolding process begins at a 
fixed input node and ends at a fixed out-
put node (see Figure 1). In a given step 
of the process, the far end of a compo-
nent can be connected to a node that 
was created previously (e.g., to input, 
output, or ground), or to a newly cre-
ated node. When a new node is created, 
the new node becomes the starting 

-

-

-
-

- 
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Silicon Carbide npnp Thyristors 
These devices can be operated at temperatures up to 350 °C. 
John H. Glenn Research Center, Cleveland, Ohio 

Thyristors (semiconductor controlled 
rectifiers) made from silicon carbide have 
been fabricated and tested as prototypes 
of power-switching devices capable of op-
erating at temperatures up to 350 °C. The 
highest-voltage-rated of these thyristors 
are capable of blocking current at for-
ward or reverse bias as large as 900 V, and 
can sustain forward current as large as 2 A 
with a forward potential drop of -3.9 V. 
The highest-power-rated of these thyris-
tors (which are also the highest-power-
rated SiC thyristors reported thus far) can 
block current at a forward or reverse bias 
of 700 V and can sustain an "on" current 
of 6 A at a forward potential drop of -3.67 
V. The highest-current-rated of these 
thyristors can block current at a forward 
or reverse bias of 400 V and can sustain an 
"on" current of 10 A. 

These thyristors feature epitaxial n-
and p-doped layers of 4H SiC in the se-
quence npnp starting on the substrate; 
this structure (see figure) stands in con-
trast to the pnpn structure of common sil-
icon thyristors. The fabrication of the 
high-quality crystalline structures needed 
in these layers has been made possible by

advances in growth of crystals, epitaxial 
growth of thin films, doping by both in 
situ and ion-implantation techniques, ox- 
idation, formation of electrical contacts, 
and other techniques involved in the fab- 
rication of electronic devices. 

The reasons for choosing the npnp 
structure and for choosing the 4H poly- 
type of SiC (instead of choosing the more 
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from about 10-6 A/cm2 at room tempera- 
lure to 9 x 10 A/cm 2 at 350 °C. Even at 

• 
common 6H polytype) are the following: 

The npnp structure was adopted to 
avoid the very high resistances of typi-
cal p-doped SiC substrates. In the re-
search that led to the development of 
the present thyristors, the resistances 
of p-doped substrates were found to 
dominate the characteristics of pnpn 
SiC thyristors. 

• It was found in this research that the 
electron mobilities along the electri-
cal-current paths in 4H-SiC thyristors 
of the present 4-layer configuration 
are about lOx those of similar thyris-
tors made from 6H-SiC. Thus, 4H-SiC 
offers the potential to achieve greater 
current densities. 
It was also found in this research that 

the defect densities of the 4H-SiC layers 
(which are formed by epitaxy) are much 
smaller when substrates cut at large off-
axis angles are used. 6H-SiC substrates 
are typically cut at 3.5° off axis. However, 
it was found that when 4H-SiC substrates 
are cut at 3.5° off axis, large numbers of 
3C-SiC inclusions are observed in the 
epilayers. It was found that the 3C-SiC 
inclusions can be eliminated by growing 
on 4H-SiC substrates cut at 8° off axis. 
The highest-power-rated thyristors were 
found to be achievable only by use of 8°-
off-axis-cut 4H-SiC substrates. 

Some of these thyristors rated at volt-




ages >400 V and currents >5 A have been 

characterized at temperatures up to 350

°C. The forward voltage drop at a current 

of 5 A was found to decrease monotoni-




cally from 3.91 V at 27°C to 3.18Vat 350 

°C. The leakage current density at a re-




verse bias of 400 V was found to increase
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350 "C, the ratio between the "on" cur-
rent and the leakage ("off') current was 
found to be about 105, which should be 
an acceptable ratio for a power device. 

Some of the thyristors were packaged, 
then stored for 1,000 hours at 350 "C. 
While many of these thyristors failed, 
about 25 percent survived the 1,000 
hours without significant degradation. 

The npnp 4H-SiC thyristors were 
found be capable of switching at very 
high speeds. For example, a 600-V, 2-A 
device was tested to determine its maxi-
mum repetition rate for a peak current 
of 7 A pulsed at a 20-percent duty cycle. 
It was found that the gate pulse could be 
repeated after a period of only 4 ps, cor-
responding to a maximum pulse-repeti-
tion frequency of 250 kHz. This speed 
exceeds the speed of the fastest inverter-
grade silicon thyristors. 

Two other important parameters for a 
thyristor are (1) the maximum rate of in-

A lidar apparatus called a microal-
timeter has been proposed for use 
aboard a spacecraft in orbit around the 
Earth for mapping land and sea sur-
faces, including such features of special 
interest as ice, tree canopies, and flood 
plains. The microaltimeter is short for 
"microlaser altimeter" and is so named 
because it uses a very compact, low-en-
ergy, subnanosecond pulse, solid-state 
microlaser as its source and relatively 
small (typically 10 to 20 cm in diameter) 
telescopes, resulting in a factor of 100 re-
duction in telescope weight and volume, 
as compared to conventional space-
borne laser altimeters. Operating at 
thousands of pulses per second, the sur-
face sampling rate is approximately 100 
times higher than that of prior space-
borne laser altimeters having the same 
transmitter power-aperture product. 

Many of the design concepts to be em- 
bodied in the microaltimeter, and the 
components to be used to implement 
the concepts, were derived from an eye-
safe satellite laser ranging station called 
SLR2000. The laser in the microaltime-
ter would operate at a wavelength of 532 
nm, a pulse energy of the order of a mil-
ljoule or less, and a pulse-repetition fre-
quency of the order of several kilohertz. 
The receiver in the microaltimeter 
would operate in a photon-counting

crease of forward applied voltage that 
can be applied before the thyristor 
latches on and (2) the time taken to 
achieve a high forward current density. 
The 4H-SiC thyristors tested showed no 
turn-on even when forward bias was 
ramped up at a rate of 900 V/ps. Mea-
surements in pulsed operation showed 
that it took between 3 and 5 nanosec-
onds for these devices to start carrying 
currents at densities of 2,800 A/cm2. 

This work was done b' John Palmour of 
Cree Research, Inc., for Glenn Research 
Center. For further information, access the 
Technical Support Package (TSP) free on-line 
at www.nasatech.com under the Electronic 
Components and Systems category. 

Inquiries concerning rights for the commer-
cial use of this invention should be addressed 
to NASA Glenn Research Center, Commercial 
Technology Office, Attn: Steve Fedor, Mail 
Stop 4-8, 21000 Brookpark Road, Cleve-
land, Ohio 44135. Refer to LEW-16 750. 

mode, with a mean signal level on the 
order of one photoelectron per laser 
pulse. With an ability to measure the 
times of flight of individual photons and 
to determine their origin within the re-
ceiver field of view through the use of 
pixellated or imaging detectors, the re-
ceiver can provide ranging unambigu-
ous registration of range (and thus 
height) data with surface locations. 

The theoretically predicted perfor-
mance of the microaltimeter has been 
tentatively verified in simulations of the 
operation of the microaltimeter from 
Earth orbit, performed by use of soft-
ware developed previously for simulat-
ing the operation of the Mars Orbiter 
Laser Altimeter (MOLA) and the Geo-
science Laser Altimeter System (GLAS). 
In addition to its potential utility for 
Earth science, the microaltimeter could 
likely be used to rapidly generate nearly 
contiguous maps of other planets, 
moons, comets, and asteroids. 

This work was done by John Degnan of 
Goddard Space Flight Center. 

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 
addressed to the Patent Counsel, Goddard 
Space Flight Center; (301) 286-7351. Refer 
to GSC-14098.
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Small Lidar Altimeter Would Operate 
at Low Light Levels 
Relatively high resolution would be achieved without 
resorting to high power. 
Goddard Space I"light Center Greenbelt, Maryland 
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Figure 2 

• Special Coverage: Test & Measurement 

Network Wireless Systems Require New 
Test Equipment Architecture 

The latest designs being proposed in the network wireless communications industry are 

making use of digital IF-based architectures. Modern test equipment must also migrate 


to this architecture to maintain correlation in simulation testing. 

A
s the designers and builders of net-
work wireless communications sys-

tems look to cover the demand for en-
hanced performance of the base station, 
a myriad of innovative techniques are 
being implemented. One hybrid solu-
tion is through software-defined code 
formats that optimize bandwidth utili,a-
tion in the allocated frequency that is i cs -
ident in the base station radio. This move 
toward the software-defined radio lot-
third-generation (3G) wireless products 
has taxed the capabilities of today's test 
methods. 

New radio designs are implementing 
digital intermediate frequency (IF) ver-
sus the traditional analog complex mod-
ulation (103 based architectures. These 
changes force designers to test software-
defined radio modules using both digital 
pattern generation and radio frequency 
(RF) modulation analysis. The tradi-
tional model of injecting base band ana-
log IQ into the module and measuring 
the RF performance isn't valid anymore. 
The software-defined radio modules re-
quire the multi-carrier, multi-standard 
signal to be injected into the radio as a 
digital IF rather than analog IQ. 

The advent of highly linear analog-to-
digital (A/D) and digital-to-analog 
(D/A) converters has enabled a new ar-
chitecture for modern test equipment 
that matches the software radio evolu-
tion. The concept behind the test plat-
form is to provide a mirror image signal 
scenario for the radio designer that pro-
vides for a "real-time" digital baseline to 
enhance the test process. This is possible 
due to the highly linear converters that 
enable the consolidation of numerous 
functions into one instrument. Using the 
software-defined radio or digital radio 
concept as the "baseline" or standard that 
must be met, the test equipment designer 
can now build modular, virtual instru-
ments with test equipment grade specifi-
cations. Using this concept, a full trans-
mit/receive path for testing the latest 
wireless standards can be implemented.

Figure 1 

Test System Components 
The latest designs being proposed in 

the network wireless communications in-
dustry are making use of digital IF-based 
architectures. Modern test equipment 
also must migrate to this architecture to 
maintain correlation in simulation test-
ing. The legacy test equipment available 
today typically is implemented using ana-
log modulation techniques, employing IQ 
modulators. This architecture was suffi-
cient to test the older generation of com-
munication devices. 

To implement the software-defined 
radio as the solution for next-generation 
deployments, all major components of 

the base station must be thoroughly 
characterized in the designer's test lab. 
To fully meet the designer's expectations 
at the platform level, these converters 
are coupled with gigabytes of solid-state 
memory and broadband RF up-and-
down conversion. This provides for real 
world conditions in the lab and ulti-

iiiately at production 
test for both the digital-
based radio and major 
sub-assemblies such as 
the amplifier, offering 
true base station simu-
lation. 

To further exploit 
the design options of-
fered by the latest gen-
eration converters, the 
test instrument incor-
porates a different ar-
chitecture configured 
on the "digital radio" 

test concept. The digital radio concept 
emulates the process of quadrature 
modulation with the repeatability, accu-
racy, and control that only discrete sys-
tems can offer. After processing, the dig-
ital data stream consists of a real signal at 
a specified IF center frequency: digital 
IF. This digital data stream is converted 
to an analog IF signal by the D/A con-
verter. The resultant signal is a real wave-
form at the specified IF frequency. 

The analog IF signal can be translated 
to any required frequency through a 
highly linear, low-distortion up-converter. 
To implement the receive portion of the 
digital radio, a similar approach is used. 

This process would consist of RF down-
conversion to a suitable IF frequency, 
A/D conversion to a digital IF, and signal 
processing to produce the IQvectors. The 
immediate benefit of the digital IF signal 
generation approach allows for extremely 
low distortion and nearly immeasurable 
IQ impairments. 
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What's in the cards? (4

4J 

Why Software-Based 

Parameters Work 

The advantage of a modular, digitally 
based test system that parallels the soft-
ware-based radio is that it can be applied 
across the various sub-assemblies or com-
ponents of the base station, providing 
complete design continuity. In testing 
power amplifier linearization, new digital 
linearization techniques can be tested to 
prove the latest algorithms. 

The advantages and options that 
begin to emerge from the modular test 
platform are numerous and quite effec-
tive. Using the software-defined radio 
approach, the equipment can be config-
ured to generate any number of multi-
carrier, multi-standard signal scenarios 
using the vector simulation software. 
The output of the vector signal genera-
tor is used to apply the stimulus to the 
amplifier. The vector signal analyzer 
portion of the instrument can acquire, 
analyze, and automate the performance 
measurements used to qualify the ampli-
fier. Since all the stimulus/response and 
analysis occurs within one instrument, 
there is immediate simplification for the 
user. Reconfiguring the functionality of 
this hardware allows receiver tests, inter-
ference tests, and additional system-level 
qualification tests to occur.

Typical testing for power amplifiers uti-
lizes a signal generator based upon an IQ 
modulator. While this was reasonably effi-
cient for single-carrier generation, address-
ing the multi-carrier requirements that 
exist today is much less effective than the 
modular test system with real-time digital 
and RF up and down conversion capability 
The non-digital, analog-based test sets fea-
ture dual D/A converters and analog IQ 
modulation circuits, waveform memory, 
and adequate capability for single standard 
test scenarios. These generators (Figure 1) 
inherently have the same limitations that 
have forced base station designers to mi-
grate toward the digital radio concept and, 
in turn, the digital-based test set. 

Using the software-defined radio con-
cept as the architectural basis of a vector 
signal generator, one can eliminate many 
shortcomings of today's IQ-based genera-
tors. This concept makes use of a single 
D/A converter and an IF- to-RF tip-con-
version chain (Figure 2). This mimics the 
latest base station architectures. The ad-
dition of gigabytes of solid-state memory 
behind the D/A converters permits 
nearly unlimited flexibility in generating 
test scenarios. This provides for multi-car-
rier, multi-standard signal generation and 
the ability to record and play actual field 
spectral measurements.

This hardware, coupled with intuitive 
vector signal simulation software (VSS), 
gives the test engineer an endless array 
of multi-carrier, multi-standard spec-
trums for evaluation. The VSS software 
suite allows the designer to develop pro-
prietary algorithms and custom modula-
tion schemes independent of the equip-
ment vendor. 

The software-defined radio concept 
allows test equipment designers to use a 
modular architecture. The modular and 
software-defined test set, gives the de-
sign team key design and test advan-
tages. It offers the option to simulate 
both transmit and receive paths in a sin-
gle test instrument, and enables the de-
signers of the radio, digital signal 
processor, and amplifier to work in par-
allel rather than in sequence. Finally, the 
modular test set offers the promise of 
reducing the capital equipment costs re-
quired for communication product de-
sign by replacing a number of stand-
alone instruments. 

For more information, contact the authors of 
this article, John DeMott, director of wireless 
products, and Jim Reeves, executive vice presi-
dent and general manager at Celerity Sys-
t.ems/L-3 Communications, Cupertino, CA; 
Tel: 408-873-1001; or visit Celerity Systems at 
www. csidaq. corn. 
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e Improved Methods of Testing Cryogenic Insulation Materials 
Specimens are easy to fabricate, and thermal performance measurements are repeatable. 
John F Kennedy Space Center Florida 

Two improved methods have been de-
veloped for testing continuously rolled 
blankets and blanketlike thermal-insula-
tion materials typically used in cryogenic 
vacuum systems. Both methods, and 
their corresponding apparatuses, are 
based on the cryogen boiloff calorime-
ter method according to which the 
amount of heat that passes through an 
insulation specimen to a cryogenic fluid 
in a vessel is proportional to the rate of 
boiloff from that vessel. The boiloff rate 
is then directly related to the insulating 
performance of the specimen. The main 
challenges in the execution of this tech-
nique are to (1) eliminate (or minimize) 
heat leak from the ends by use of ther-
mal guards and (2) obtain stability of the 
cryogen inside the measurement vessel 
coincident with stability of the boundary 
conditions in the vacuum space.

The main problem in testing high-
performance materials such as multi-
layer insulation is the extreme care that 
must be exercised in their fabrication 
and installation. Inconsistency in wrap-
ping techniques is the dominant source 
of error and poses a basic problem in 
the comparison of such materials. Im-
proper treatment of the ends or seams 
can render a measurement several times 
worse than predicted. Localized com-
pression effects, sensor installation, and 
outgassing are further complications. To 
eliminate the seam and minimize these 
other problems, two new methods of 
fabricating and testing cryogenic insula-
tion systems have been developed. 

The first method includes a cryostat 
test apparatus (Cryostat-1, see Figure 1), 
which is a liquid nitrogen boiloll 
calorimeter system for direct measure-

- 

-igure 1. Cryostat-1 for testing thermal-insula-
tion materials is shown with a specimen in place. 
An extra copper sleeve has been stood alongside 
for reference. 

ment of the apparent thermal conduc-
tivity at a fixed vacuum level. The cold 
mass is a 167-mm-diameter, 900-mm-
long, vertical stainless-steel cylindrical 
vessel subdivided into a 10-liter measure-
ment vessel and 2.5-liter thermal-guard 
vessels at both ends. Continuously rolled 
materials are installed around a cylindri-
cal copper sleeve using a 1-rn-wide wrap-
ping machine. Sensors are placed be-
tween layers of the insulation to obtain 
temperature-thickness profiles. The 
sleeve is then simply slid onto the verti-
cal cold mass of the cryostat. 

During operation, all three vessels are 
kept filled with liquid nitrogen at near 
saturated condition at ambient pressure 
(temperature =77.8 K). Vacuum levels 
may be set at any desired pressure from 
10 torr to 760 torr. The temperatures 
of the cold mass, the sleeve (cold bound-
ary temperature), the insulation outer 
surface (warm boundary temperature), 
and the vacuum can (heated by a ther-
mal shroud) are measured. The steady-
state measurement of insulation perfor-
mance is made when all temperatures 
and the boiloff flow rate are stable. The 
apparent thermal conductivity value of 
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the insulation is directly determined 
from the measured boiloff rate, bound-
ary temperature difference, latent heat 
of vaporization, and geometry of the test 
specimen. The measurable heat gain 
rate for Cryostat-1 is from 0.2 to 20 W. 

This method offers the following ad-
vantages: (1) enables testing of continu-
ously rolled samples for better accuracy, 
(2) specimens are representative of most 
industrial applications, (3) specimens 
can be easily produced to the desired 
specifications with an absolute mini-
mum of handing, and (4) specimens can 
be fabricated off-site. 

Figure 2. The Overall Test Setup for Cryostat-2 
is shown. 

The second method includes a cryo-
stat test apparatus (Cryostat-2, see Fig-
ure 2), which is a liquid nitrogen boiloff 
calorimeter system for calibrated mea-
surement of the apparent thermal con-
ductivity at a fixed vacuum level. The 
cold mass is a 132-mm-diameter, 267-
mm-long stainless-steel vessel thermally 
guarded by a 132-mm-diameter, 127-
mm-long stack of aerogel composite 
disks at each end. The system features a 
fully removable cold mass which quickly 
and easily mounts onto a 0.5-rn-wide 
wrapping machine for installation of in-
sulation material and sensors. 

Cooldown and filling of the system are 
conveniently accomplished through a 
single port, using a custom ambient-pres-
sure-regulated liquid nitrogen transfer 
device. Sensors and measurements are 
similar to those of Cryostat-1. The mea-
surable heat gain rate for Cryostat-2 is 
from 0.7 to 40 W. The key benefit of this 
method is that it allows a high rate of test-
ing many different samples with highly 
repeatable results between runs. 

This work was done bv James E. Fesmire, 
Robert A. Breakfield, Dalej Ceballos, Philip 
D. Stroda, and James P Niehoff, Jr. of 
Kennedy Space Center and Stan D. Au-
guslynowicz of L)ynacs Engineering Co. For 
further information, access the Technical 
Support Package (TSP) free on-line at 
wwwno.satech.com under the Test and Mea-
surement category. KSC-12107108 
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John F Kennedy Space Genter, Florida 

Optoelectronic instruments for real-
time, in situ monitoring of particle fall-
out are undergoing development. Set-
tings in which these instruments could 
prove useful include clean rooms for as-
sembly of optical and electronic equip-
ment, food-packaging facilities, and 
other industrial facilities in which one 
seeks to prevent contamination of prod-
ucts by airborne dust and fibers. 

Heretofore, it has been common prac-
tice in particle-fallout monitoring to 
place initially clean witness plates in the 
affected work areas, expose them for 
suitable amounts of time, then take 
them to laboratories for analysis. Among 
the disadvantages of this practice are 
that it does not provide data in real tune, 
and handling of the witness plates can 
alter the particle samples prior to analy-
sis. Some optoelectronic instruments for 
real-rime and post-exposure analysis of 
particle fallout have been developed 
previously, but none has offered the 
combination of features afforded by the 
present developmental instruments; 
namely, real-time operation, imaging of 
individual particles, and quantitative in-
formation on numbers and dimensions 
of particles. 

A typical instrument of this type in-
cludes a witness plate mounted above a 
charge-coupled-device (CCD) or other 

John F Kennedy Space Center Florida 

A computer program enables the si-
multaneous monitoring and control of 
two commercial digital instrumentation 
recorders, each comprising a variable-
rate buffer and a data tape recorder. 
The program can issue all standard tape-
motion-related commands (fist forward, 
rewind, record, forward, reverse, and 
eject) plus commands for tape search, 
time code, and bttffer settings. The pro-
gram provides a graphical user interlace 
that facilitates control by the user and 
displays the operational statuses of the 
buffers and tape recorders. The pro-
gram generates a log file that includes a 
time and date stamp for each control

video camera. The witness plate is illumi-
nated to provide uniform omnidirectional 
lighting. The camera optics are adjusted 
to focus on the exposed surface of the wit-
ness plate, so that particles that have fallen 
onto the surface are imaged by the cam-
era. The video output is digitized. 

The resulting digital image data is 
processed by image-analysis software 
that detects particle edges, maps the par-
ticles, counts the particles, and deter-
mines principal dimensions and aspect 
ratios of the particles. The software uses 
aspect ratios to indicate distinctions be-
tween fibers (typical aspect ratios >10:1) 
and other particles. Instruments of this 
type can detect and measure particles 
with dimensions down to somewhat less 
than 10 pm. 

Thic work was done by Paul A. Mogan o/ 
Kennedy Space Center and Christian /. 
Schwindt and Timotlr1' R. Hodge of I-NET 

For further injormation please contact: 
TheAemspaceEngineeiing (;nnp o/ 11)h-A, LL; 
Harvey E. Rice, jc, President 
12240 Indian Creek Court 
Suite 105 
Beltsville, MD 20705-1242 
Tel. No: (301) 419-2922 
Fax: (301) 210-4122 
E-mail: harvrice@clark.net 

KSC-1 1809 

command sent to, and response re- 
ceived from, each buffer and recorder. 
An option exists in the program to pro-
duce tape copies by dubbing from one 
recorder to the other. The program can 
also he used to effect it procedure in 
which data are recorded first on one 
tape recorder, then the other tape 
recorder is brought into operation 
shortly before the end of first tape, so 
that there is some overlap to ensure con-
tinuous recording during a long record-
ing session. 

This work was done by Danny B. Sylvester 
and David M. Welke of The Boeing Cosnpan 
for Kennedy Space Center. KSC-12005
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Program Computes Tone Fan Noise From a 
Turbofan Engine 

TFaNS is a computer program that predicts the tone noise 
that emanates from the fan stage of a turbofan engine. With 
the help of this program, engineers working to reduce fan tone 
noise can study the effects of proposed design changes and are 
thus more likely to be successful in their efforts. 

The interaction of the fan wake with the downstream stator 
vanes is a significant source of fan noise in a modern turbofan 
engine. Other fan-noise computer codes predict the rotor/sta-
tor tone noise and the noise radiated from the inlet and 
exhaust sections of fan stage separately. Unlike those codes, 
TFaNS predicts entire noise field, both inside and outside an 
engine duct. TFaNS takes account of the effects of reflection 
and transmission by the rotor and stator and by the duct inlet 
and nozzle; this is done in addition to the conventional math-
ematical modeling based on a concept of an annular duct and 
an isolated stator. In other words, TFaNS couples the results 
from all such computations that, heretofore, were performed 
separately, in order to generate a complete fan-stage noise 
prediction. 

TFaNS includes the following modules: 
• SOURCE3D estimates the strength of the rotor/stator-inter-

action tone-noise source. 
• INLRAD3D and AFTRAD3D predict the propagation of the 
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torpedoes and underwater vehicles. 

HUMPHREY 
A SUBSIDIARY OF REMEC 

HUMPHREY, Inc. 9212 Balboa Ave. San Diego, CA 92123 
Ph: 858-565-6631 Fax: 858-565-6873 Email: humphreysalesremec.com  
Internet: www.humphreyinc.com SAN DIEGO & WOALDW1DE REPRESENTATION

tone noise from the source, through the fan-duct termina-
tion, to the far field. 

• CUP3D couples the results from the aforementioned mod-
ules to provide a complete fan-stage noise prediction. 

• AWAKEN mediates the input, into the SOURCE31) module, 
of rotor-wake data that have been obtained through either 
measurement or else simulation by a computational fluid dy-
namics (CFD) code. 
At present, the range of applicability of TFaNS is limited to 

subsonic fan-tip speeds. 
This program was written by David Topol of United Technologies 

Corp. and Walter Eversman of the University of Missouri-Rolla for 
Glenn Research Center. For furt her information, access the Techni-
cal Support Package (TSP) free on-line at www.nasatech.com under 
the Software category. 

Inquiries concerning rights for the commercial use of this invention 
should be addressed to NASA Glenn Research Center Commercial 
Technology Office, Attn: Steve Fedor Mail Stop 4-8, 21000 Brookpark 
Road, Cleveland, Ohio 44135. Refer to 1E34 L 1 7063. 

O Software for Generating 100-by400-1cm 
Images From SAR Data 

SAR Processing System Precision Processor (SPS PP) is one 
of the computer programs used in the Alaska SAR Facility 
(ASF) [where "SAW' means "synthetic-aperture radar"] to gen-
erate image data products. SPS PP ingests data that have been 
received from the RADARSAT (a Canadian Earth-observation 
satellite) and decoded into engineering and SAR signal data 
files, and processes these data into image data products that 
typically cover areas of about 100 km by 100 km. SPS PP can 
handle data from RADARSAT standard tight- and left-looking 
beams, and is being enhanced to handle European Remote 
Sensing Satellite (ERS) and Japanese Earth Resources Satellite 
(JERS) data. The output of SPS PP conforms to the standards 
of the Committee on Earth Observing Satellites (CEOS). The 
left-looking products feature 16-bit detected pixels in slant-
range format; the right-looking products can be in either 
ground-range detected or slam-range complex format. SPS PP 
resides on five IBM SP-2 computers with 8 processing nodes 
each. Each computer can produce a 100-by-100-km image 
frame in about 25 minutes. 

This program was written by Homayan Alaei, Michael fin, Qusen 
Nguyen, and Shelby Yang of Caltech for NASA's Jet Propulsion Lab-
oratory. For further information, access the Technical Support Package 
(TSP)free on-line at www.nasatech.com under the Software category. 

This software is available for commercial licensing. Please contact 
Don Hart of the California Institute of Technology at (818) 393-3425. 
Refer to APO-20710. 

Cm Sequencing and Job-Control Software 
for Processing SAR Data 

The SAR Processing System Control Processor (SPS CP) com-
puter program performs sequencing and job-control functions 
within the Alaska SAR Facility (ASF) [where "SAR" means "syn-
thetic-aperture radar"]. SPS CP interacts with the Product-Dis-
tribution-and-Management (PDM) system of the ASF to receive 
processing orders as well as engineering and raw signal data. SPS 
CP provides a graphical user interface for operator control and 
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BY WEBCASTING 
ALGOR's Web Courses give you quality software 
education at your desktop through webcasting. 
ALGOR provides a true virtual classroom by pro-
ducing TV quality sound and picture on the 
Internet. In fact, the images shown here were 
extracted from actual Web Course footage. There's 
no need for teleconferencing; all you need is a 
computer with a Ti, DSL or cable modem Internet 
connection. Even if you don't have Internet access, 
you can still learn at your desktop by viewing the 
VHS video or CD-ROM version of each Web Course 
broadcast that is included with your registration. 

Aearnindl.com 

LURN FEA AT YOUR DESKTOP 

I	 ­

GET MORE SOFTWARE EDUCATION FOR THE MONEY 
Web Courses start at just $350 for four hours of instruction, and you save 

travel expenses and don't sacrifice productivity. Registering for a Web 

Course entitles you to the live Internet training session, on-demand 

Internet replays available after the live session and a CD-ROM or VHS 

video of the course for later reference. 

LEARN FEA FASTER WITH STEP-BY-STEP INSTRUCTION 
Web Courses give you in-depth instruction, not an overview, on a variety 

of topics such as finite element modeling, CAD/CAE interoperability, FEA 

and Mechanical Event Simulation software. Full screen graphics, utilizing 

the latest in broadcast technology, show point-and-click detail as instruc-

tors "walk" through the process of FEA. Viewers clearly see ALGOR's 

software interfaces, menus, visualization and reporting options.

INTERACT WITH THE INSTRUCTORS LIVE AS THEY TEACH 
E-mail your questions or talk with the instructors directly during the live 
session to get immediate answers. Calls are broadcasted as they occur. 

LEARN WHEN AND WHERE IT IS CONVENIENT FOR You 
View the Web Course or replay it on the Internet at your convenience. 

You can register for courses even after the live broadcast to access the 

Internet replay and watch the accompanying CD-ROM or video as often 

as needed. 

EARN CREDITS TOWARD P.E. LICENSE RENEWAL 
Web Courses have qualified for Professional Development Hours within 

states that have Continuing Professional Competency requirements for 

RE. license renewal. Participants receive a certificate upon purchase. 

LEARN HOW TO SUCCESSFULLY COMPLETE YOUR ENGINEERING JOB OVER THE INTERNET, 
CUSTOMIZE A WEB COURSE TO ACHIEVE YOUR ENGINEERING GOALS	 FEA models to focus on specific interoperability, modeling or analysis 
Develop a customized curriculum that meets your individual engineering 	 questions you may have. You can work as you learn! Contact an ALGOR 
needs. ALGOR instructors can work directly with your CAD geometry or 	 account representative for scheduling and pricing information. 

START YOUR DUCATION TODAY. HERE'S HOW: 

-Visit www. TechLearning.com . 
• Select the Web Course of interest. 
• Contact your Account Representative for a password. 
• Download Microsoft Media Player for viewing the 

Web Course. 
• Enter the password and watch the Web Course live. 

Or, view Internet replays or your VHS video or CD-ROM. 
• Call your Account Representative to schedule a 

customized Web Course for one or many participants 
at your company to learn Algor software while working 
through your engineering problems.
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All trademarks may be trademarks or registered trademarks of their respective owners. 
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performs job-sequencing functions to or-
chestrate the Raw Data Scanners (RDS) 
and SAR processors of the ASF to pro-
duce image data products. It is capable of 
displaying images to support visual data-
product-quality checks. It is capable of re-
covering from errors caused by various 
abnormal processing events. The inter-
faces between SPS CP and the raw-data 
scanners and SAR processors are based 
on a client-server model with sockets and 
multithreading. SPS CP is hosted on SGI 
Origin or Challenge computers; the in-
terfaces with raw data scanners and SAR 
processors are hosted on SGI Challenge, 
DEC Alpha, IBM SP-2, and Compaq com-
puters. This program has been support-
ing ASF operations for over five years and 
its capabilities have been continuously 
enhanced to enable both large and small 
scientific-processing campaigns that have 
included mapping of the Amazon rain 
forest, the Antarctic Mapping Mission, 
and the Arctic Snapshot Mission. 

This program was written by Eugene Chu, 
Daniel Fineman, Pearl Haw, John Ho, 
Nancy Perry, Cris Sandoval, and Joanne 
Shimada of Caltech for NASA's Jet Pro-
pulsion Laboratory. For further informa-
tion, access the Technical Support Package 
(TSP) free on-line at www.nasatech.com  
under the Software category. 

This software is available for commercial 
licensing. Please contact Don Hart of the Cal-
ifornia Institute of Technology at (818) 393-
3425. Refer to NPO-20 713. 

Cis Software for Processing 
RADARSAT ScanSAR Data 
Into Images 

5AR Processing System ScanSAR pro-
cessor (SPS SSP) is a computer program 
that is used in the Alaska SAR Facility 
(ASF) to processes scanSAR downlink 
data from the RADARSAT (a Canadian 
Earth-observation satellite) into a suite of 
image data products. ["SAR" means "syn-
thetic-aperture radar" and "scanSAR" 
means "scan-mode SAR."} SPS SSP can 
process data that have been generated in 
any of the four RADARSAT scanSAR 
modes in current use - two wide-swath 
modes (300 :^ width :!^500 km) called 
"SWA" and "SWB" and two narrow-swath 
modes (width '=300 km) called "SNA" 
and "SNB." The output images are pro-
jected in ground range or else geocoded 
in universal transverse Mercator, polar 
stereographic, or Lambert coordinates. 
At present, the only image data products 
that are calibrated are those of the SWB 
mode. Typically, an SWB image covers an 
area of about 500 by 500 km. SPS SSP is 
executed on an IBM PS-2 computer, 
which includes (1) a control workstation 
equipped with 128MB of random-access

memory (RAM) and a 4GB hard disk and 
(2) as many as eight processing nodes, 
each equipped with 256MB of RAM and 
a 4GB hard disk. When all eight nodes 
are used, a typical SWB image frame can 
be computed in about 35 minutes. 

This program was written &y Michael fin, 
Qu'en Ngu'en, Jeff Schreddei; and Wa ''ne 
Tung of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, access 
the Technical Support Package (TSP) free on-
line at www.na.satech.com under the Soft-
ware category. 

This software is available for commercial 
licensing. Please contact Don Hart of the Cal-
ifornia Institute of Technology at (818) 393-
3425. Refer to NPO-20712. 

Fx Software for Wafer-Level 
Testing of Microfabricated 
Devices 

Prober Assistant Measurement System 
(PAMS) is a computer program that au-
tomates the time-consuming process of 
testing microfabricated devices (inte-
grated circuits and/or microelectro-
mechanical systems) at the wafer level. 
PAMS was written specifically for use 
with the Karl Suss probe station (a corn-
inerciallyavailable wafer-testing appara- 
tus) and is compatible with associated 
testing circuitry that conforms to the 
IEEE 488 general-purpose interface bus 
(GPIB) standard. Manual wafer testing is 
tedious and susceptible to error because 
the process involves controlling the 
probe station to position the probe leads 
on each device, configuring the associ-
ated testing equipment, and recording 
the measurement data. In contrast, 
PAMS automatically positions the probe 
leads according to a wafer map and au-
tomatically performs the measurement 
and recording steps. Multiple devices on 
a wafer can be tested simultaneously, or 
multiple measurements can he made on 
a single device. Acquired data can he dis-
played on a screen and/or recorded in a 
file. At present, PAMS is executed on a 
computer based on a Pentium II proces-
sor with a clock rate of 400 MHz, 128MB 
of random-access memory, and 6GB of 
hard-disk storage, and running the Win-
dows NT operating system. 

This program was written b'ç Christopher 
Evans of Caltech for NASA's Jet Propul-
sion Laboratory. For further information, 
access the Technical Support Package (TSP) 
free on-line at www.nasatech.com under the 
Software category. 

This software is available for commercial 
licensing. Please contact Don Hart of the Cal-
ifornia Institute of Technology at (818) 393-
3425. Refer to NPO-20850. 
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O Digital Library of NACA Reports 
Aging paper NACA documents are scanned, then disseminated in electronic form. 
Langley Research Center Hampton, Virginia

ument Format (PDF) files for easier dis-
semination via the W't'VW. 

The NACATRS offers browsing and 
keyword searching of its holdings (see 
figure). Reports are also accessible via 
the following naming convention: http:// 
naca.larc.nasa.gov/reports/YEAR/naca-
REPORTFYPE-NUMBER. For example, 
the popular NACA Report 1135 is avail-
able at http://naca.larc.nasa.gov/re-
ports/1953/naca-report-1 135/. Once a 
report has been retrieved, it is initially 
presented in the form of thumbnail im-
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The NACA Technical Report Server 
(NACATRS) is both a node in the NASA 
Technical Report Server and a stand-
alone World Wide Web (WWW) site. 
The NACATRS is dedicated to the 
preservation and dissemination of re-
ports produced by the National Advisory 
Committee for Aeronautics (NACA). 

NACA, which evolved into the predeces-
sor to NASA, existed from 1915 until 1958. 
The main product of NACA's research is a 
multi-tiered series of reports, the number 
of which is estimated to be between 20,000 
and 30,000. These reports - 
especially the ones that address 
issues of general aviation and 
the fundamentals of flight - 
remain in high demand. Al-
though significant collections 
of NACA documents exist at a 
handful of NASA centers, uni-
versities, and government and 
industrial research laborato-
ries, no single library contains 
a complete collection. Further-
more, because of their age, 
high circulation, and acid-
based paper, many of these re-
ports are in poor condition 
and will cease to be serviceable 
in the near future. Conversion 
to digital form is necessary for 
preservation and for wider dis-
semination. 

At present, the NACATRS 
collection contains about

2,300 documents, and is growing at a rate 
of about 30 documents per week. Each 
NACA document is electronically 
scanned, generating image data in 
Tagged Image/Interchange File Format 
(TIFF). Optical Character Recognition 
(OCR) is not performed, primarily be-
cause NACA publications contain numer-
ous pages of equations, tables, charts, and 
figures, none of which are well suited for 
OCR. Instead, the document is converted 
into a combination of Graphics Inter-
change Format (GIF) and Portable Doc-

ages of pages. Clicking on a 
thumbnail image results in 
presentation of a large GIF 
version of the image for easy 
on-line viewing. As many as 
ten thumbnail images can be 
shown at a time, with such 
options as "next," "previous," 
"first," and "last" for switch-
ing among pages of a large 
report. Similar options are 
available for viewing single 
GIF page images. The user 
can download the entire re-
port as a single PDF file. 

This program was written by 
Michael L. Nelson of Langley 
Research Center. For further 
information, access the Techni-
cal Support Package (TSP) free 
on-line at www.nasatech.com 
under the Information Sciences 
category. L-17844 

The Home Page of the NACATRS provides access for browsing and keyword 
searching of NACA reports. 

0 RS Forward Error Correction for Variable-Length Frames 
Method accommodates dynamically varying frame length. 
Goddard Space Flight Center, Greenbelt, Maryland 

A method of forward error correction 
by Reed-Solomon (RS) coding has been 
devised to increase the link margins of 
data-communication systems that must 
handle variable-length frames or packets 
of data. Heretofore, RS coding has in-
volved fixed-length blocks: In order to 
encode variable-length frames, it has 
been necessary to (a) choose a fixed

block length equal to a multiple of some 
given block length and greater than or 
equal to the length of the longest vari-
able-length frame and (b) in the case of 
a frame shorter than the fixed block 
length, pad or fill the remainder of the 
block with extra bytes. This is very ineffi-
cient because the fill conveys no useful 
information, and any errors in the fill di-

minish the overall coding gain by using 
up some or all of the available error-cor-
rection capacity. 

The present method accommodates 
dynamically varying frame length by 
use of equations that relate the frame 
length to a quantity known as the vir-
tual-fill parameter. The concept of vir-
tual fill (see figure) is not new; what is 
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new here is the way in which virtual fill 
is used. In the traditional fixed-length-
block approach, all of the code param-
eters, including the virtual-fill parame-
ter and the frame length, are set in 
advance or initialized at startup time 
and are not changed during the encod-
ing/decoding process. In the present 
method, the virtual-fill parameter and 
the frame length are allowed to vary 
while the other parameters are held 
constant. 

Let 
m the number of bits per symbol 
n 2"' total number of symbols per 
code block 

number of correctable errors 
1/Fm number of virtual fill symbols (^!0) 
Im interleaving parameter (^!1) 
FL total frame length [number of 
data + parity (check) symbols] 
.FSPL frame-synchronization-pattern 
length 
DFL length of (number of symbols 
in) the data field in a code block 
CBL	 number of data plus parity 
(check) symbols in a code block. 

Then the basic equations for the RS 
code parameters are the following: 

(I)FL=FSPL+ (n-2t— VflJ+2t!, 
(2) DFL= n-2t— VF, and 
(3) GBL= n— 1/F 
Straightforward algebraic manipula-

tion of the foregoing equations yields: 

A recently developed algorithm saves 
encoding and decoding time in the op-
eration of data-communication systems 
that utilize the NRZM code, which is de-
rived from the better-known non-return-
to-zero-level (NRZL) code. This algo-
rithm utilizes lookup tables that contain 
the results of routine encoding and de-
coding computations that would other-
wise have to be performed repeatedly. 

A stream of symbols in NRZM code is 
generated from an input stream of sym-
bols in NRZL code. The NRZM code was

(4) DFL= (FL —ISPL)/I-21 and 
(5) VF= n— (FL —FSPL)/I. 
Equation 4 is used in the RS encoder 

because DFL is a parameter of the en-
coding algorithm. Equation 5 is used to 
dynamically obtain the virtual fill length 
for a given frame based on its length. In 
both the encoder and decoder, the limit 
check on valid frame length is given by 

(6)PSPL+2t1!^FL!^1SPL+ nt. 
These equations can readily be incorpo-
rated into a software implementation 
and conceivably also into a hardware im-
plementation of the RS encoder and de-
coder, provided that the encoder and 
decoder can each act individually to de-
termine the length of the current frame. 

Even in a system in which data are gen-
erated in fixed-length frames, it could be 
advantageous to dynamically vary FL, in 

response to the bit-error rate, to optimize 
the forward-error-correction capability. 
In general, the number of check symbols 
per code block and the coding gain in-
crease as FL decreases. The disadvantage 
of this method is that proportions of over-
head are greater for smaller packets. 

This work was done bV Sieve Duran of God-
dard Space Flight Center. For furl her infor-
mation, access the Technical Support Package 
(TSP) free on-line at www.nasatech.com 
under the Information Sciences category. 
(;SC-13 916 

originally developed as a means to con-
vert a steady, high-level signal (a long se-
quence of 1111... I 11) into a variable sig-
nal (1010.10 or 0101.....01, depending 

on the choice of 0 or 1 for the initial 
state of the coding algorithm). The 
NRZM code provides signal-level transi-
tions in an idle state when there is time 
for synchronization of encoding and de-
coding equipment. 

An explanation of the nomenclature 
of algorithms for NRZM encoding and 
decoding is prerequisite to an explana-

For More Information Circle No. 422 

Variable Number of 	 Variable Number of 	 Fixed Number of 
Virtual Fill Symbols	 Data Symbols	 Check Symbols 

Virtual Fill Symbols conceptually occupy the portion of a code block not occupied by a data frame 
shorter than the longest allowable frame. Unlike pad or real fill symbols in the traditional approach, 
virtual fill symbols are not transmitted. In the present method, the number of virtual fill symbols is 
varied dynamically to compensate for variable frame length. 

Fast NRZLM Encoding and 
Decoding Algorithm 
Byte-oriented algorithms save time. 
Goddard Space Flight Center Greenbelt, Maryland 

NASA Tech Briefs, December 2000 	 www.nasatech.com



tion of the present innovative algorithm. 
In general, algorithms that transform 
streams of symbols between NRZL and 
NRZM codes are denoted collectively as 
"NRZLM" algorithms. Of these, subalgo-
rithms that transform NRZL input 
streams into NRZM output streams are 
called "NRZM" algorithms, while subal-
gorithms that transform NRZM input 
streams into NRZL output streams are 
called "NRZL" algorithms. 

Before the present innovative NRZM al-
gorithm was developed, transformations 
between NRZL and NRZM were effected 
by the Binary NRZLM algorithm, which is 
bit-oriented; that is, it operates on only

one bit at a time. Even if an NRZL data 
source is byte-oriented, it is necessary to 
disassemble the NRZL bytes into bits, then 
encode the bits into NIRZM one at a time 
by use of the Binary NRZM algorithm, 
then reassemble the NRZM-encoded hits 
into bytes. Similar considerations apply to 
use of the Binary NRZL algorithm to de-
code from NRZM back to NRZL. 

The NRZM code and the Binary 
NRZM algorithm can be explained in 
terms of a finite-state automaton that 
can be in either of two states; 0 or I (see 
figure). These states correspond to out-
put bits. If the automaton is in either 
state and receives an input bit 0, it re-

Input Bit 1	 I 
Input Bit 0 Input Bit 0	 I 

State
 

Input Bit 1 

A Two-State Automaton that makes transitions 
in response to an input bit of 1 implements the 
NRZM code and the Binary NRZM algorithm. 

mains in that state. If the automaton is 
in either state and receives an input bit 
of 1, it changes to the other state. Thus, 
the output bit for a given input bit de-
pends on the state of the decoder after 
receipt of the immediately preceding 
input bit; this state is called the "last 
state." The last state depends on the cho-
sen initial state and on the sequence of 
input bits up through the immediately 
preceding bit. 

Thus, in the Binary NRZM algorithm, 
it is necessary to go bit-by-bit through 
the entire sequence of preceding NRZL 
input bits to arrive at the output NRZM 
bit for a given input NRZL bit. Similarly, 
in the Binary NRZL algorithm, it is nec-
essary to go bit-by-bit through the entire 
sequence of preceding NRZM input bits 
to arrive at the NRZL output bit for a 
given input NRZM bit. 

The present innovative NRZLM algo-
rithm is byte-oriented. It exploits the fol-
lowing observation: One can commence 
coding or decoding from any point in a 
sequence of input bits, without having to 
step through the entire sequence of pre-
ceding input bits, provided that one has 
some other way of knowing the last state 
immediately preceding that point. Thus, 
if bits in an input sequence are grouped 
into bytes, one can start to encode or de-
code at the beginning of any byte, pro-
vided that one knows the last state pro-
duced by the preceding byte or bytes. 

In formulating this byte-oriented 
NRZLM algorithm, the results of coding 
and decoding operations are precom-
puted by the Binary NRZM and Binary 
NRZL algorithms and stored in lookup 
tables; these tables contain the output 
bytes and last states for all possible input 
bytes and preceding last states. Thus, in-
stead of a long sequence of operations 
on individual bits, the encoding and de-
coding of each input byte involves only 
initialization by use of the last state from 
the preceding byte, followed by a table-
lookup operation to find the output byte 
and another table-lookup operation to 
find the new last state. 

This work was done by Semzon Kizhner 
and Timothy Ray of Goddard Space Flight 
Center. For further information, access the 
Technical Support Package (TSP) free on-line 
at www.nosatech.com under the Information 
Sciences category. 
GSC-1 3825 
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Si 7624 Thin film RID 

S651 Miniature platinum RTD 

Thin, flexible resistance temperature detectors • Wire wound 
or thin-film • Pt CLI, Ni, Ni-Fe curves • 0.1 second time 

response • Rugged laminated construction 
-200 to 220°C range • Many sizes & styles in stock 

Stable, accurate, dependable measurement • Install with 
self-stick backing, tapes, or cements • Avionics 

Process lines • Medical devices • Aircraft windows 
Stator windings • Thermal processing equipment 

Minco Products, Inc. 
7300 Commerce Lane / Minneapolis, MN 55432-3177 U.S.A. 
Tel: (763) 571-3121 /Fax: (763) 571-0927/www.minco.com 

New0 

DISK. 
Visualization Software 

Computational Engineering Intl., Morrisville, NC, has introduced 
EnLiten and EnVideo, two products that enable use of the Internet 
and corporate intranets to share visualizations throughout an enter-
prise. EnLiten is a platform-independent geometry player that allows 
interactive collaboration and communication of visualizations in areas 
such as computational fluid dynamics, finite element analysis, and 
aerodynamics. Users can manipulate 3D models, view models, and run 
3D animations. EnVideo allows viewing videos of high-end visualiza-
tions over the Internet or intranet. Circle No. 720 

Graphing and 
-	 .	 Data Analysis 

iJ

Origin® version 6.1 scien- 
tific graphing and data analysis 
software from OriginLab 

i	 Corp., Northampton, MA, 
-	 .-Z	 includes new data handling 

-	 -	 features such as raster image 
export and import, and the 

- ability to use ODBC to query 
data from a database. Graphing capabilities include improved graph-
ics export, a new EP" export, and the ability to print large graphs to 
multiple pages. Users can query databases, export graphs, and share 
custom analysis and graphing tools with other users. Other features 
include the ability to open and run Excel with Origin, and a color-
coded LabTalk script editor. Circle No. 721

;ornethi
olextra adds that


flgex1fto

your designs. 

When your design specifications call for the unusual or the out-of-the-
ordinary, Volextre is the closed-cell, polyolefin foam you're looking for. 
For toughness, Volextra's extrusion coating makes it chemical, abrasion, 
and moisture resistant. And its decorative 
textured surfaces provide a range of aesthetic 
and performance solutions. To find out more, 
or to receive a free "Thought Starter,' call 
(800) 225-0668 today. 	 40 

Ideas Formed in Foam 

For More Information Circle No. 424 

Machine Vision Tool 
PPT Vision, Minneapolk. 

MN, offers the Package Tool. 
a machine vision software 
tool for use in automated 
package inspection. The soft-
ware is used for inspecting 
the integrity, seal, label posi-
tion, text, colors, and graph-
ics on containers, cartons, 
wrappers, and other packages. The program can inspect thousands of 
parts per minute and features multiple templates within the same 
region of interest. Users can program up to eight independent inspec-
tion tasks, performed on every image capture, with a single tool. An 
optional hardware accelerator board enables the system to compen-
sate for variations in lighting. Circle No. 722 

Scientific Graphing 
SYSTAT 10 scientific software from SPSS, Chicago, IL, includes new 

Statistics capabilities and user interface enhancements. A Mixed 
Regression feature allows users to fit regression models in nested, two-
level data to fit unbalanced repeated measures data. Power Analysis 
enables exploration of the relationship between sample size and sta-
tistical power, and allows creation of simultaneous displays of power 
curves and tabular data. New options include the ability to submit 
command tiles from the Windows clipboard, file list, or command log, 
as well as increased user control over dialog boxes and temporary data 
sets. Circle No. 723
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: . .

3227 Milli-Ohm Hilester 

50 mu response 
90 times/second sampling 
300mQ through 300kQ (7 ranges) 

• Full external control 
-	 - Comparator output 

Testing source DC 
Four-terminal method 	 Circle no. 430 

3193 Power HiTester 

E DC or 10 to 30, 4-wire 
• DC, 0.5 Hz to 1 MHz 

12 (H, wide range of msmnt functions 
•Harmonic/flicker 

- urii J. 
Direct/wide-band clamp input 
FD	 printer printer 
True RMS 

_______________________ • GP-111, RS-232( std. 	 Circle no. 431

8835-01 Memory HiCorder #	 8 analog channels plus 16 logic channels 
IM samples/second 

• 4M words memory 
• -	 12 bits AID resolution 

• 6.4' color TFT LCD 
• Type Ill PC/FDD 
• LAN communication capability 
• 2-way power supply	 Circle no. 432 

TI:1	

,!".eL!,,9!I I_, 
6 Corporate Drive - Cranbury, NJ 08512 
Phone: 609.409-9109 - F ax: 609.409-9108 

For More Information Circle No. 433 or 
58	 Visit www.nasatech.com/433

V Ll^ _ REPAIR. 
4 REBUILD. 

RESEAL. 
"\	

Machinery and Equipment 

MASTER BOND STEELMASTER 43 EPDXY SYSTEM 

No heat needed U Fast 20 minute 
cure • Readily machinable after cure 
• Excellent dimensional stability 
• Stainless steel filler for maximum 

chemical resistance 
U Easy application 

I Convenient 
packaging - 
premeasured 

kits. 

For information,

call or write


Master Bond Inc.

154 Hobart St. 


Hackensack, NJ 07601

201-343-8983


www.masterbond.com 

Master Bond Inc. 
Adhesives, Sea/ants & Coatings 

For More Information Circle No. 426

Nevv on the 

MARKET.. 11. 01 01 0. 0. 0. 0. 

ctrical Connectors 
Harting of North America, Elgin, IL, offers 

Han-Modular® connector series that 
ludes 13 different modules. The connectors 
available with standard hoods and housings, 

well as Han-Easy Lock® levers. Modules are 
,tilable for electric and fiber-optic signaling, 
high and low power, and with network sig-
k and a 24V power supply or pneumatics and 

1, ctrical signals. Male and female pins can be 
cosn1ii -'!1nector side. A high module collar protects 
the contacts against nseclianical damage. Circle No. 743 

Data Acquisition Boards	 _______---- 
LOtech, Cleveland, OH, offers tim 

DaqBoard/2000TM series of five PCI boards 
for multifunction data acquisition. They can

 used individually or in a combination of 
up to four boards per PC for channel expan- 
sion up to 1,000 analog input channels and 
800 digital I/O signals. Features include PCI-bus plug-and-play con-
figuration, digital calibration, PCI-bus mastering, and synchronous 
scanning of all analog, digital, and Counter inputs. They feature a 16-
bit, 200-kHz A/D converter and 16 single-ended or 8 differential ana-
log inputs. The boards share an industry-standard connector, and are 
supported by a common family of cables and signal terminations. 
Circle No. 725 

(Z:01

Vector Modulator 

 The 2029 vector modulator from IFR 

(-ss 

Systems, Wichita, KS, turns any analog RF 
signal generator into a digital signal gener- 
ator. It is designed for testing digital wire- 

 products, and can test 2G, 2.5G, and 3G 
wireless formats with a frequency range from 

800 MHz to 2.31 GHz. The unit combines a vector modulator, arbi-
trary waveform generator, and an RF level-control system. It uses an 
external analog signal generator as a fixed-level unmodulated source 
to provide the RF input signal. An RF combiner is supplied as an 
option so that measuring devices such as power meters and spectrum 
analyzers can be connected. Circle No. 726 

Power Clamps 
WAGO Corp., Germantown, WI, has released - 

the Series 285 power clamp that uses spiral 
spring technology to connect conductors from 
4 AWG to 3/0. It has a current rating of 232 II  
amps with a rated voltage of I000V. An 8-mm T-

• 

wrench is used to actuate the spiral spring. After 
actuation, the spring is locked in place by a lock-
ing tab. The clamp is available in a grounding 
version designed to withstand more than 11 kA of	 sII(II-(IIcnit	 (in-- 
rent. Continuity can be tested via a test probe. Circle No. 727

Machined Springs 
Helical Products, Santa Maria, CA, offers machined springs that 

combine the elastic properties of materials such as steel, aluminum, 
and titanium, with a curved beam helix. The springs provide high 
deflection rates for compression, extension, torsion, lain-al bending, 
and lateral translation spring functions. Circle No. 728 
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Self-Clinching Fasteners 
Penn Engineering & Manufacturing Corp.. 

Danboro, PA, offers a six-page brochure on PEM® 

R'ANGLE® self-clinching right-angle fastener. 

which provide a right-angle attachment point ii 

metal sheets as thin as 0.040'. T ype RAATM ill,,  

minum fasteners and Type RAS steel threaded I 

teners are featured. Circle No. 700 

Silicone Materials 
A 12-page brochure describing silicone materials 

k available from NuSil Technology, Carpinteria, CA. 

:iodard product lines include dispersions, gels, 

Ilsesives, sealants, coatings, resins, fluids, fluo- 

,ilicones, conductive elastomers, and liquid sill- 

ne rubbers. More than 400 silicone formulations 

ate available. Circle No. 701 

Custom Molded Plastics 
Niagara Plastics, Erie, PA, offers an eight-page 

brochure on custom molded plastic and vinyl-dip 

capabilities, including mold-filling analysis, concept 

visualization, computer-aided product design, pro- 4 • 
totyping. in-house tool design, and CNC machining. •	 - . 

Materials	 include	 pol yeth ylene.	 poly propylene. -;t
Pt dvstvrc nt. us Ion, and s ins I. Circle No. 702	 -	 I

If sour use galvanized, aluminized or pie -painted nattls RIM 
patented To.-L-Loc jotnitig systent cart simplify your product ittn arid 
improve product qualit y - Tog-L-Loc fomrc a leak proof joimtt from the 
parent metals without fasteners. Protective and cosmetic coatings are 
not burned or pierced. Tog-L-Loc also joins readily through adhesive 
sandwiches. There is no work hardening of the pail,. dktortioti. or 
discoloration with Tog-L-Loc. Without fastener inventories. feed 
mechanisms, or secondary operations. Tog-L-Loc equipment is less 
expensive and more productive than rivetirtg equipment. Compared 
with spot welditig.Tog-L-Loc requires no trans formers. cable drops, or 
cooling lines, and produce ,, consistently good mints overshort or long 
production runs. Tog-L-Loc is also environmentall y clean. BIM will 
design and build complete turn-key systems for Tog-L-Loc assembly. 

BTM Corporation 300 Davis Road 
Marysville, Michigan 48040 U.S.A. 	 1B fam 
Tel: 810-364-4567 Fax 810-364-6178 	 CORPORATION 

For More Information Circle No. 427 

	

_-	 Pressure/Temperature Instruments 
Product Catalog 500 Irons WIKA Instruntent 

	

500 1	 - j Corp., Lawrenceville, ('A, features 360 pages of pies-

sure and temperature instruments such as pressure 

gauges, switches, chemical seals, transducers, trans-

mitters, and thermometers. Also available are 

I \ mechanical and electronic pressure instruments 

and diaphragm seals. Circle No. 703 

Cooling and Conveying 
EXAIR Corp., Cincinnati, OFI, offers an 54-page 

catalog of products for industrial blowoff, cooling,- 

conveying, drying, cleaning, and static electricits 

control. New compressed air products for conveying 

are featured, as well as the Super Air Knife for par 

blowoff and drying, and the Adjustable Spot Cook 

for cooling metal and plastic parts. Circle No. 704 

Data Storage 
S TO R C A SE

A 56-page catalog Irons StorCase Technology, 

Fountain Valley, CA, describes data storage chas-

sis and enclosure products. Included are the 

RhinoJR fixed and removable storage enclo-

sures, Data Stacker stackable expansion chassis,  

Data Express removable drive enclosures, and 

Data Silo expansion chassis. Also featured is the 

InfoStation rack-mount or tower chassis that 

houses up to nine SCSI drives. Circle No. 705

Call for Proposals 
The U.S. Department of Energy (DOE) 

Small Business Innovation Research (SBIR) Program 
is providing funding for Environmental Technologies 
for Soils, Subsurface Sediments & Groundwater, 
Atmospheric Measurement Technology, and 
Carbon Cycle Measurements of the Atmosphere 
and the Biosphere. Grant proposals are desired in 
the following areas: 

• Characterization of Cloud Particles 
• Characterization of Organics in 

Aerosols 
• Trace Gas Measurements 
• Radiometric Instrumentation 
• Sensors for Carbon Cycle 

Measurements 
• Fiber Optic, Solid-State Chemical and 

Silicon Sensors 
Biosensors 

The detailed DOE-SBIR solicitation is available at the 


web site http:Ilsbir.er.doe.gov/sbir or by calling 
301-903-5707. 

Qualified U.S. small businesses are encouraged to apply. 

The closing date is February 20, 2001. 
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L1TE&'-:1_X,Y.A,-1TU_N,YE
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SPOTLIGHT 
Free catalogs and literature for NASA Tech Briefs' readers. To order, circle the corre-
sponding number on the Readers Information Request Form (preceding page 25). 

STOCKED BELLOWS 
CONTACT SPRINGS 

L	 New brut. I tote priscitis 
-	 8c- rvometer 's lines of ni n Li-

lure, gold-plated, bellows-ope 
spcing contacts and flexible 
interconnect contacts, which 
range From ODs of 0.037' to 
0.125". Servometer contacts 

justice ilet cal continuity where vibration, toler- 
ito e build-up, and thermal expansion are a prob-
cut. Lifetime spring repeatability and reliability. 

sit our web site at www.servonseter.com . 
%ervometer Corp., 501 Little Falls Rd.. Cedar 
(,rnve, NJ 07009-1291; Tel: 973-785-4630; Fax: 973-
78075)); www.seivot y tetet.c, tilt 

Servometer Corporation


For More Information Circle No. 600 

ALGOR'S ACCUPAK/ 
VE SOFTWARE 
REPLICATES REAL-

----I WORLD EVENTS 

4	
lit this 
\lgnt \ 'a up.ik VI-. 'dci hut-

__________________
 

ical Event '8iittumlatiuui sit toil t-
il kinematic element tet httologs replicates Plt ss ii il 

,elt,isiuui Its determining the tititinmi, flexing and 
Silting stresses of a G'i .l) part or assembly in it sit 

it al l.uI,nm amnrs ' Add thermal, . fluid or elect.rust,ij 
effects is to 'a riipa k VF. analyses with linear ,ttitl 
t,tmiltneam materials to simulate multiple pttssi< il 

phenomena. Address: 150 Beta Dr., Pittsburgh, PA 
15238; Phone: +1 (412) 967-2700; E-mail:  
.itttuaIgor.coiti: or Fax: 1 (412) 967.2781 
­vw.algor.coni

Algor, Inc.

For More Information Circle No. 603 

INDUCTOSYN® 
POSITION 
TRANSDUCERS 

()in 16-page Engineering 
i ide describes how to selei t 

and use Inductosyn position 
transducers for applications in 

- extreme aerospace and indus-
itii i:lrittg environments. Rotary 

liii ill lust it transducers provide absolute and 
incremental position information, accurate to ±0.5 
arc second or better, with resolution to 26 hits. 
Linear Inductosyn ® transducers are accurate to 
1i40 inches or better, with sub-pinch resolution. 

Farrand Controls, a division of Ruble Companies, 
Inc.; Tel: 914-761-2600; Fax: 914-761-0405; e-mail: 
salesnihtIe.cotit: ii,,,,. ii lileci mt 

Farrand Controls

For More Information Circle No. 606

OMEGA ELECTRIC 

Ft. 
HEATERS HANDBOOK 

fi	 I ))SlF.GAI.1.X (:oinplett . Elm irk 
Heaters Handbook and En-

	

1	 cyclopediaTM offers equipment for 
thousands of industrial and lab, 

elm ii l -:mg . and temperature control applica-
tions. User 1,000 color pages present heating cables, 
strip, cartridge, tubular, immersion, lab, specialty, 
and hand heaters. Temperature-related products 
include controllers, meters, recorders, sensors, hand-
helds, and infrared products. Includes prices and 
ordering information. Over 80 pages of valuable 
technical information. OMEGA Engineering, One 
Omega Dr., Stamford, CT 06907; Tel: 203-359-1660; 
Fax: 203-359-771))): wwn.otitega.coitt 

OMEGA Engineering


For More Information Circle No. 601 

ALL YOU 

1	 -
 

NEED TODO 
FEA WITHIN 
CAD FOR $975 

\i fluiut 
1, arn how Algor's new 

\	 (ties engineers to per- 
'rut FEA modeling and 

linear static stress analysis 
utthin popular CAD solid 

int,tdelcr ; ' i: I like this utility clip. Adds into 
ClADKLV. Sic tutu tI Desktop. Pro/ENGINEER. 
Solid Edge, and SolidWorks. Algor, Inc., 150 Beta Dr., 
Pittsburgh, PA 15238: Tel: 412-967-2700; Fax: 412-
1)1,7-2781: e-mail: i tmt@ .mlgoccotui: tsivw.fcaincad,com 

Algor, Inc.

For More Information Circle No. 604 

SMALL PARTS CATALOG 
NO. 21 QUALITY 
COMPONENTS, 

	

4	 MATERIALS, AND TOOLS 

lustaial.)g is i.ti km d isitli 1ttoitiicts 
tom engineering design, research 
and deselopment, prototypes and 

I	 --
 

modeling, and industrial assem-
itt. ii I-. of items are in stock, including 

miniature fasteners, specialtycomponents, fluid 
and motion control devices, select materials, and 
precision tools. SNIAI I PARTS. INC., 13980 NW 
58th Court, Miami Lakes, Fl., 3014 Attn: Free 
Catalog - Dept 200F Id 800-220-4212: Fax: 8)10-
123-900). is -sin sm.ullp.mm 1'. (001 

Small Parts, Inc. 

For More Information Circle No. 626 or


visit www.nasatech.com/626

- - 1 ELECTRO-
MECHANICAL 

I POSITIONING

SYSTEMS 

1 ttittplete ss stettis sub-sys-
ems, or component products 

-	 uc offered at selectable levels 
i tittegration in this compre. 
eI nstse guide to positioning 

,mdii ii jj,tjttt,l \ full spectrum of automation 
pi ttdtn is including single axis tables, linear motor sys-
tettts, and high speed gantry robots, provides "best 
fit" solutions for automation applications. Parker 
Hannifin Corp. Daedal Division; Tel: 877-7724)205: 
e-mail: ddlOO7±i pat km-i j tnt: ssis'ss.phdaedal.coin ihlf 

Parker Hannifin Corp.,

Daedal Division


For More Information Circle No. 602 

TUESDAY @ TEN: 

ktri	 INTERNET TV 
DISTANCE DEMOS 

-J SHOW WHAT'S 
NEW 

join Ahgtsr c% e" Titesd,is at 10 
-	 a.m. Eastern Ti tie at sits-st. 

eTechl.earning.com to leant 
about Algor's Finite Element Analysis and full 
Merhattical Event Simulation software and its 
InC..'uD products for doing FEA within CAD. Viewers 
can phone or e-mail questions to be answered Ri 
Algur engineers during these free, public Webasts. 
Replays are available on demand. Phone: +1 (-112) 
967-2700: E-mail: inIo@algot.coini: tie Fax: -1 (412) 
1)1)7-2781: tnsi..t'IecltLc-.trmmitmg.cmtntn. isssts..tlgtti.cttitt 

Algor, Inc.

For More Information Circle No. 605 

Hiram Jones Elec-
tronics, usc/A Di-
vision of the Si.i-
strom Hardware 
Group man mmf,tt-
hires a complete 
line of standard 
miniature and sub-
miniature terminals 
including: insulated 
test jacks, assembled 
standoffs and press-
type terminals. All 
standard catalog 
items are available 

	

.	 I . , lite. (ill ittd,iv fiti 
liii	 -i i.iI.iI . t 	 '.i11i_634-23.5)) 

Hiram Jones Electronics, Inc. 
For More Information Circle No. 607 
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8I)0-034--23515.

THE SOURCE 
FOR 
ELECTRONIC & 
MECHANICAL 
HARDWARE 

rout takes pride 
ii ering one of the 

Ii'.st selections of 
ittlard electroti ic 

.1 assembly hamd-
r available from 
K. Seastrom's 66-A 

ii' source for over 
'Till-page catalog, call 

Seastrom Mfg Co. Inc. 

For More Information Circle No. 610 

MEASUREMENT 
STUDIOTM EVALUA-
lION SOFTWARE 

\,ouomial Instruments ' Mea-
situ, nIt n t Studio provides 

all iii 1 ­ , 1 , ­11 mid lot t oinputer-based measure-
nt ii and ito, mull IOfl programming atnming for some of the 
most popular programming environments - 
Microsoft Visual C++, VisualBasic, and National 
Instruments' LabWindowsTM/CVI. Measurement 
Studio delivers easy-to-use programming tools to 
improve your development productivity and 
decrease your time-to-market. Call or visit our web 
site for your FREE Measurement Studio evaluation 
CD! National Instruments; Tel: 800-891-6364; Fax: 
512-683-9300: e-mail: inf'i&imi.rom: ssww.ili.coni,/ 
info/nisttitlio 

National Instruments

For More Information Circle No. 613 

MEASUREMENT& 
AUTOMATION 

- CATALOG 2001 

I lie	 National	 lnstrumneim is 
.Measurement and ,Atitoniatll,im 
Catalog 21)1)1 is the leading 

is and scientists seeking the 
III' sm II itt ousmomsuer-defined measurement and 
automation solutions. The catalog details the comti-
p1e limim' of NI products with comprehensive tutori-
als, product mm spmificaiiumts. and selection advice, all 
designed to help engineers miu'm'i and scientists develop 
integrated netssot kid measurement and automii,i 
tiomi applications. ('all for .c FREE 2001 catalog cot 
find it online at %vww.ni.com/info/cataIog . National 
Instruments; Tel: 800433-I l'xs Fax: 512-683-9300; 
e-lrlall: Ilihuflilioumol. 5>055, 11110111	 mu,,	 .Il,IIcog 

National Instruments

For More Information Circle No, 616 

WE4WUE W/E1 S!ITf 5POTUGIIITT
MAGNETIC MEASUR-
ING INSTRUMENTS 

-	 S new, 12-page color brochure 
highlights Walkers comprehen-
sive product line of magnetic 

I measuring & analysis instrumen-
tation, electromagnet systems. 
regulated power supplies, mag-

in il/tog & conditioning equipment, and alloy clas-
,ItI(auofl & identification equipment (NDT). This 
ii iduct line includes gaussmeters, fluxmeters, mag-
II> lonieters. hysteresisgraphs, magnet charger & 
,,>iditioners, lab and custom electromagnets, 

solenoids. helinholtz cells. & much more. Walker 
"is i'ntific Inc., Rockdale St., Worcester, MA 01606; 
Id 508-852-3674 or 800-962-4638: Fax: 508-856-

II, ivsvss is all_em it its ufit Coin 

Walker Scientific Inc.

For More Information Circle No. 608 

SCSI

 
nology is pleased 

J1111mij 
ENCLOSURES1 

-- - announce the re-
It -c of a I ItO lute of tx te rnal expansion chassis, 
the lnfoStationTM backplane-design SCSI enclosure. 
Its direct connect backplane supports up to 9 high-
density, high-speed, 3.5" SCSI single-ended, Ultra2, 
tic ('ltralfiO SCA devices for RAID or JBOD applica-
tititis. With upgrade slots for adding RAID and SAF-
Tl'l controller modules, the lnfuStation is ready for 
the lot tire when coo are. Stor( ase Tech noli Igv, a 
Kiiigslin Icilitmitig's Co.: ivww.storc_t',ttiohIl 

StorCase Technology, Inc.

For More Information Circle No. 611 

METAL AND 
CERAMIC FOAMS 

,udlc'llow Corp. supplies 
ge of foams of interest to 

- gincers who want to incur-
'late stretigtlt into iheir 
oduct designs without 
lifing weight. Each foam 
li-ms a high surface area to 

-	 lutmte ratio, as well as a 
- 	 ratio. Foams of aluminum, 
Incnit k, I silicon carbide, and alumi-

I me available. (,uoclfelloss Corp., 800 Lancaster 
Sir Berwsn, PA 19312: It-I: 800-821-2870; Fax: 
8011.283-2020; e-mail: uifogoodfeIIow.com: 
X, , .i L,,'IIIIII'llIIis loin 

Goodfellow Corp.

For More Information Circle No. 614

WAVE/COMPRESSION 
SPRING CATALOG 

rhe new 21)1)11 edition l:alalog.

#WS-2000, contains tlttiusand,s of

stock-size wave springs (hundreds 

if new sizes added), design fonsul-




las. a materials guide, and typical 

applications. This 40-page engi-




neering and parts manual describes the advantages of 

wave springs and helps engineers solve problems. All 

springs are not equal! Smalley springs, available fruits 

3/8" to 84" in diameter, fit in tight radial and axial 

applications. Work heights cats be reduced by 50% 

using a wave spring. Smalley engineers are available for 

free assistance. Smalley Steel Ring Co.. 385 Gilman 

Ave., Wheeling, IL 60090; Tel: 847-537-7600; Fax: 847-




537-7698: "nail: info&'stttaflev,cons; wwts'.sniallev.cotn 

Smalley Steel Ring Co.

For More Information Circle No. 609 

DEVICE DATA 
INTO WINDOWS


	

:—	 APPLICATIONS 

I tiViedge instaritIN niptits 
sciial (RS232-RS485) or 
TCP/IP P/IP data into ally 
Windows application: Excel, 
Access, MMIs, etc. Collect 

-	 data from and control 

	

Wlnlllledg	 gauges, micrometers, bal-
arices, meters, bar-code scan-

-intiments . any device. Easily per-
tot iii 'I iplulit ,irud ,in.ilv'.is of votir instrument data in 
any program. lal l'ech, 2027 Wallace St., Philadelphia, 
P1 19130; Tel. 800-7224i01(4, 215-763-7900; Fax: 215-
763-9711; wwss',taltec'Iia', ni 

TalTech

For More Information Circle No. 612 

METRIC AIR SPRING 
MANUAL FROM 

	

-. ...._.	 FIRESTONE 

I ii tilt iii' Industrial l'i ixltic is Ii 

	

I	 ' s 'ed its	 I,tr,, I' ilgIitet?ol 
\I,i,i cat and l)eslgn Guide for


	

--	 >iii tmouint' isolators and .5mm - 
I siruke...tti.mtoi s. The ntatitial 
provides complete spring specifications itt metric 
dimtmm'itsii,mts, including height, forte. and static data. 
Sit sitoke actuators are a low-cost equivalent to con-
ventional pmieiitttativ and lisilt ,oclic cylinders: 
.Sti'itiui.int isolators feature .11 compact installed height 
,imt<f iitisiir1i.i'.',i'if isul,itiots 	 ap.ihiltts.

 Hamilton 
Fit esiutle 

Industrial Products (:0 . 12650	 ,nmiilton ( nissiitg

filul (:mine].  IN 01112. 50555 (ii ( . ,t(,[ I I . ind list I ial.colll 

Firestone Industrial Products Co. 

For More Information Circle No. 615 

NOW IT'S ASY TO FIND 
NGINEERING TOOLS WITH GUIDE 

NASA Tech Briefs' NEW online guide to 
suppliers, products, and services for design 
engineers. 

Search by keyword or within 25+ 
product categories 

Link directly to company web sites 

Locate 1132113 suppliers and sites 
offering e-commerce 

Add your company's information 
I to the eGuide.*

Go to: 

: Th C h .com/eq u ide 

All searches are free of charge. 

*For companies not currently advertising in 
NASA Tech Briefs products, there is a small fee  
to add a listing. See web site for details, or con-  
tact Luke Schnirring, luke@abptuf.org .  

N.-\.St Tech Briefs, 1)cct'niher 2000 	 www.iiasatecli,comn	 hI
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