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NEPP SITE UPDATES
The NEPP Web site has been redesigned to follow NASA portal requirements…
LATEST DOCUMENTS ON THE NEPP WEB SITE

Summaries of documents recently added to the NEPP collection…

NASA JPL Analog-to-Digital (A/D) Converter Guide
Thermal Cycle Reliability and Failure Mechanisms of CCGA and PBGA Assemblies
Comparison of Radiation-Hardened and Radiation-Tolerant FPGAs for Space Applications
Analysis of Plastic Parts Package Delamination
Design of Test Platform for Burn-in of SRAM-Based FPGAs
BOK Guideline Document on Commercial MNOS EEPROM in Space Applications
Radiation Response of Emerging High-Gain/Low-Noise Detectors
Performance of Precision Floating-Gate Analog Voltage References at Cryogenic Temperatures
EEE Parts Events

PAST EVENT SUMMARIES

Space Parts Working Group (SPWG) Meeting
WebEx on Electrostatic Discharge (ESD)
Seminar on Programmable Logic in the Radiation Environment
Actel Space Forum
WebEx on Field-Programmable Gate Arrays (FPGAs)
Microelectronics Reliability and Qualification Workshop (MRQW)
UPCOMING EVENTS

Military and Aerospace Programmable Logic Device (MAPLD) 2006
Credits

This newsletter is sponsored by Michael Sampson of NASA GSFC Code 300, who has managed the NASA Electronic Parts and Packaging (NEPP) Program since 2003.  Prior to that, he managed the NASA EEE Parts Assurance Group (NEPAG), a joint partnership of seven NASA Centers and other agencies, since its inception in 2000.  Mr. Sampson coordinates cross-Agency activities to evaluate new and emerging EEE part technologies, share information, and develop tools for workmanship and EEE parts assurance.  He joined the GSFC Parts Branch in 1994 as a capacitor specialist and later became a general passive parts specialist; he has more than 20 years of engineering experience in capacitor technologies.
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A Distinguished Engineering Award was presented to Michael J. Sampson (left) for his efforts in organizing and managing NEPAG as an international resource for space-level EEE parts information exchange in support of the Space Station, Exploration Vision, and other NASA projects.  The award was presented by Dr. Ramin Roosta of NASA JPL (right), who is an IEEE Fellow, works at JPL as an application-specific integrated circuit (ASIC) component and field-programmable gate array (FPGA) programmable logic EEE parts specialist, and is a professor at the California Institute of Technology.

NEWSLETTER CONTACTS

Questions and comments about this newsletter and article submissions can be directed to the reviewer, Dr. Lois Scaglione, Code 562, at Lois.J.Scaglione@nasa.gov, or to the editor, Jeanne Ilg, Code 562/MEI Technologies, Inc., at jeanne.ilg@meieses.com.
Electrical, Electronic, and Electromechanical (EEE) Parts Highlights

NEPP SITE UPDATES
In the interest of compliance with NASA portal (http://www.nasa.gov) requirements and guidelines, the NEPP Web site has been restructured.  For easy navigation, the NEPP links used most frequently were moved to the header, and other prevalent links were added to the left-hand side menu (e.g., the EEE-INST-002 document download).  The basic intent of the NASA portal approach is to provide high standards for presenting content, consistent organization and design flow, element and segment clarity, global header and footer navigation, and relevance to the target audience.
LATEST DOCUMENTS ON THE NEPP WEB SITE
Documents on the NEPP Web site can be found by a) following this path:  Home » Publications » Display Latest Documents, and clicking on the document in the list; b) clicking on the area of emphasis on the front page and finding it in the Related Deliverable Documents list; or c) looking up the author under the Experts link (top banner) and clicking on the document.

NASA JPL Analog-to-Digital (A/D) Converter Guide
Shri Agarwal, NASA JPL
This guide contains a 12-page table of about 60 part numbers and basic information about their capability including radiation performance and available reliability data.  The A/D converter is one of the critical components sought by engineers designing electronic hardware for flight projects.  Performance requirements cover a wide spectrum; the three main features are bit resolution, power, and speed.  With the number of flight-worthy suppliers dwindling, it becomes necessary to pursue the evaluation of the COTS products for their possible infusion into the NASA programs.
Please direct comments and questions to shri.g.agarwal@jpl.nasa.gov.

Thermal Cycle Reliability and Failure Mechanisms of CCGA and PBGA Assemblies

Reza Ghaffarian, NASA JPL
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Area array packages (AAPs) with 1.27 mm pitch have been the packages of choice for commercial applications; they are now starting to be implemented for use in military and aerospace applications.  Thermal cycling characteristics of plastic ball grid array (PBGA) and chip scale package (CSP) assemblies, because of their wide usage for commercial applications, have been extensively reported on in literature.  Thermal cycling represents the on-off environmental condition for most electronic products and therefore is a key factor that defines reliability.  However, very limited data is available for thermal cycling behavior of ceramic packages commonly used for the aerospace applications.  For high-reliability applications, numerous AAPs are available with the same design pattern both in ceramic and plastic packages.  This paper compares assembly reliability of ceramic and plastic package with the same I/O and pattern.  The ceramic package was in the form of CCGA with 560 I/Os peripheral array with the same pad design as its plastic counterpart.  The effects of the following key parameters on reliability of both CCGA and PBGA assemblies were investigated.
· Thermal cycle ranges, –50/75 °C, -55/100 °C, and -55/125 °C.
· Corner staking on failure mechanisms for two thermal cycle profiles, –55/125 °C and –50/75 °C.
· Package interchangeability, i.e., using PBGA package on CGA pad design with a larger pad.
· Heat sink attachment on the top of package.

Packages were assembled on polyimide board, and their daisy chains were continuously monitored.  Optical photomicrographs were taken at various thermal cycle intervals to document damage progress and behavior.  Representative samples along with their cross-sectional photomicrographs at higher magnification, taken by scanning electron microscopy (SEM), are also presented.  These were used to determine crack propagation and failure analyses for packages with and without corner staking.

Please direct comments and questions to Reza.Ghaffarian@jpl.nasa.gov.

Comparison of Radiation-Hardened and Radiation-Tolerant FPGAs for Space Applications

Ramin Roosta, NASA JPL
This paper describes the design tradeoffs between Actel and Xilinx high-reliability field programmable gate arrays (FPGAs).  It has been written in response to recent concerns over failures on Actel RTSX-S (MEC) devices.  An industry tiger team has been formed to investigate the issues and provide recommendations for use.  A final disposition has not been released.
The type of FPGA technology and device family used in a design is a key factor for system reliability.  There are basically three types of programming technologies currently in existence: antifuse-based, flash-based, and SRAM-based.  Each type has advantages and disadvantages associated with its use in flight applications.  Some characteristics of SRAM- and antifuse-based device technologies are compared.  At present, there is no flash-based FPGA with acceptable radiation tolerance for space applications.
For each type of programming technology there are multiple device families.  Shown in tabular format are the Actel radiation-hard and radiation-tolerant and Xilinx radiation-tolerant 4000XL series, Virtex, and Virtex-II FPGA device families and their operating voltages, system gate complexities, packages, availability, source manufacturing drawing (SMD) numbers, and foundries.  Also shown are the same devices with their advertised resistance levels to TID and single event upsets (SEU).  A designer must weigh the cost, reliability, performance, and functions when choosing the FPGA technology and device family for the required design.
Please direct comments and questions to Ramin.Roosta@jpl.nasa.gov.
Analysis of Plastic Parts Package Delamination

Shri Agarwal, NASA JPL
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Acoustic microimaging (AMI) was successfully used to evaluate commercial off-the shelf plastic encapsulated microcircuits (PEMs).  Samples from different commercial vendors were evaluated using C-mode scanning acoustic microscopy (C-SAM), one of the AMI methods available for nondestructive detection of delamination.  A number of interesting anomalies and potential reliability defects were found, including delamination at die attach, delamination at leads within the mold compound, delamination around the die within the mold compound, delamination on top of the die, and delamination at the backside of the die paddle.  These anomalies analyzed by C-SAM imaging were evaluated and analyzed to determine their impact on the reliability of PEMs.  C-SAM, performed at the beginning of a screening flow, used as a predictor of good or poor electrical performance of evaluated devices, tended to correlate with changes in electrical performance.  C-SAM inspection and electrical parametric shifts of devices that were subjected to convection reflow were affected less than those equivalent devices exposed to hand soldering and vapor phase reflow, which are commonly used assembly processes within NASA.
Please direct comments and questions to shri.g.agarwal@jpl.nasa.gov.
Design of Test Platform for Burn-in of SRAM-Based FPGAs

Ramin Roosta, NASA JPL
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FPGAs play an increasingly important role in military and aerospace applications, where the need for a high-capacity logic—tens of million of gates per integrated circuit, and fast and complex routing—elevates long-term reliability issues.  Although Xilinx Virtex-II 3000 static random-access memory (SRAM)-based FPGAs are extensively used in commercial applications, they have been used less frequently in space flight applications.  They are susceptible to single-event upsets (SEUs), and conventional test methods do not adequately test their reliability for these applications.  Conventional methods test only a few of the discrete alternating current (AC) parameters (primarily switching) of a given integrated circuit.

This project presents the design and implementation of a dynamic burn-in/radiation-test platform that allows complete, comprehensive AC testing of the Xilinx Virtex-II 3000 FPGA.  The platform also allows developers to collect information on the elevation of the junction temperature as a function of gate utilization, operating frequency, and functionality.

Supporting at-speed and SEU tests, the platform may be used to test any possible configuration of the FPGA and any associated performance parameters.  A graphical user interface allows designers to fully control the programming of the FPGA and the configurations/functions to be stressed.  The platform also offers error logging, user-selectable master clocks, read-back, and expandability.
Please direct comments and questions to Ramin.Roosta@jpl.nasa.gov.
BOK Guideline Document on Commercial MNOS EEPROM in Space Applications

Yuan Chen, NASA JPL
The objective of this investigation, sponsored by the NEPP Program, is to prepare a body of knowledge (BOK) guideline document summarizing recent problems and lessons learned for space applications of the commercial metal-nitride-oxide-silicon technology EEPROMs.  Risk mitigation and recommendations are also provided in the final report.

Please direct comments and questions to Yuan.Chen@jpl.nasa.gov.
Radiation Response of Emerging High-Gain/Low-Noise Detectors

Heidi Becker, NASA JPL
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In previous years, the NEPP Sensor Technology radiation task has examined the radiation response of several classic avalanche photodiode (APD) technologies.  Dose effects from high energy protons and Co-60 gamma rays have been reported for silicon (FY03), InGaAs (FY04), and Ge (FY04) APDs that have been under consideration for various applications in current and future NASA missions [1]-[4].  Although classic APDs provide higher gain and better signal to noise performance when compared to many other semiconductor detectors, they still suffer from a relatively high excess noise factor when operated at very high gain.  This limits their potential in applications such as interplanetary optical communications, where photon counting at very high gain will be required.
Several novel technologies are being explored by NASA for use in photon counting applications.  The near-term focus is on ground-based optical communications receivers, but it is expected that the field will naturally progress toward space-borne receivers in Earth or Mars orbit.  One benefit of space-borne receivers is the lack of atmospheric interference.  LIDAR applications represent an additional forum for detectors with high detection efficiency.  The goal of this radiation study was to begin to understand how space radiation effects will alter the operational performance of candidate technologies prior to the end of their development phase.

Please direct comments and questions to Heidi.N.Becker@jpl.nasa.gov.
Performance of Precision Floating-Gate Analog Voltage References at Cryogenic Temperatures
Richard Patterson, NASA GRC
Precision voltage references based on Intersil’s proprietary floating gate analog (FGA)TM technology are reported to feature very low temperature coefficient, excellent long-term stability, and high accuracy.  They consume very little power, exhibit very low drift and noise, and provide excellent line and load regulation.  Their extremely ultra-low supply currents allow these devices to be powered-on continuously as they present almost no load to the power source, especially in battery-powered circuits.  In addition, reference devices achieve their highest accuracy and lowest drift when powered up continuously.  They can source and sink currents up to about 10 mA and are specified for operation from –40 (C to +125 (C.  The performance of two versions of these FGA voltage reference chips at cryogenic temperatures was investigated in this work.

Please direct comments and questions to Richard.L.Patterson@grc.nasa.gov.
EEE Parts Events

EVENT SUMMARIES

Space Parts Working Group (SPWG) Meeting




The Space Parts Working Group took place on April 4-5, 2006, at the Hilton Torrance/South Bay in Torrance, California.
This joint Government-industry working group, sponsored by The Aerospace Corporation and the Air Force Space and Missile Systems Center, is an unclassified, international forum for disseminating information to the aerospace industry and resolving problems with high-reliability electronic piece parts for space applications.
The meeting included presentations from suppliers, prime system manufacturers, and Government agencies, including the Air Force, NASA, Defense Threat Reduction Agency, Air Force Research Laboratories, the Naval Weapons Center, and the Army.
Information is available at http://www.aero..org/conferences/spwg/index.html.

WebEx on Electrostatic Discharge (ESD)
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The WebEx presentation by Jose Sancho entitled ESD Models: Low-Voltage Damage to EEE Parts was given on January 30, 2006 at NASA Goddard Space Flight Center (GSFC).  The discussion covered what an ESD sensitivity level is, how it is obtained, why it is important to users, why different test models are used, and how we can reduce ESD-related failures.  It also addressed various models and the damage difference between them, transmission-line pulse (TLP) stress testing, and reasons for charge device model and TLP current emphasis.

The following URL contains links to Jose Sancho’s slides (ESD Stress Test Models) and a video/audio recording of the ESD WebEx presentation (scroll down to the Event Schedule table): http://nepp.nasa.gov/index_nasa.cfm/978/.
Seminar on Programmable Logic in the Radiation Environment
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Part II of this seminar hosted by Richard Katz of the Office of Logic Design (OLD) was given on January 24, 2006 at GSFC.  The seminar covered the following issues:  Missions for the space environment differ from those of many terrestrial applications since they are presented with a radiation environment and long life requirements.  Additionally, maintenance operations are extremely expensive if possible at all.  The fundamentals of the radiation environment and radiation test techniques were reviewed.  Detailed specifications and failure modes were analyzed for each class of device and technology, and figures of merit were given for specific devices in use.  Design techniques to provide reliable operation in the radiation environment were discussed, as well as the analysis of device reliability issues such as single-point failures and how to avoid them.

Go to http://klabs.org/richcontent/Misc_Content/meetings/fpga_rad_dec_2005.htm under the OLD Seminars and Workshops category, or contact Richard Katz at richard.b.katz@nasa.gov.
Actel Space Forum
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The Actel Space Forum was held on January 19, 2006 in Beltsville, Maryland.  Topics by various presenters were as follows:  Actel space FPGA roadmap, FPGAs in space, FPGA packaging for space, FPGA IP roadmap for space, software trends for space applications, EMD critical for space applications, taking advantage of software tools to meet timing requirements for RTAX-S devices, AX versus RTAX-S (differences in architecture), how to select which commercial-grade AX device to use, and RTAX-S radiation and reliability updates.  The proceedings from the Forum are located at http://www.actel.com/asf/postconference/.
WebEx on Field-Programmable Gate Arrays (FPGAs)
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The WebEx on FPGAs entitled Briefing on the Actel RT54SX-S, RTSX-SU, RTAX-S, and Eclipse FPGAs for Space-borne Applications was held on January 18, 2006, at GSFC.  It entailed discussions on the latest in test results, analyses, and design information.  Topics included qualification testing and reliability data and analysis, design engineering, destructive physical analysis, wire bonding, and radiation testing and results (total dose and single-event effects), with several presentations by various presenters given for each topic.
The following URL contains links to the FPGA WebEx presentation:  http://www.klabs.org/richcontent/Misc_Content/meetings/fpga_jan_2006/index.htm, or contact Richard Katz at richard.b.katz@nasa.gov.

Microelectronics Reliability and Qualification Workshop (MRQW)



The Aerospace Corporation’s MRQW was held on December 6-7, 2005 at the Manhattan Beach Marriott in Manhattan Beach, California.  MRQW is a forum for open discussion in all areas of microelectronics reliability and qualification for microelectronics targeted and used for space applications.  For 2005 the format consisted of several main technical sessions with keynote speakers each day.  Expert invited speakers covered the latest results or work in progress in different areas of microelectronics device reliability and qualification methodologies, including the following:
· Advanced technologies reliability issues.
· Qualification methodology.
· Failure analysis techniques and lessons learned.
· Advanced space microprocessors and memories.
· RF analog and mixed-signal device issues.
· Space radiation effects.
· Hardness-by-design.
· Designing in reliability.
· Commercial off-the-shelf (COTS)/plastic encapsulated microcircuits (PEMs) screening and qualification.
· Advanced packaging issues.
The following URL contains a link to the MRQW program:  http://www.aero.org/conferences/mrqw/.
UPCOMING EVENTS

Military and Aerospace Programmable Logic Device (MAPLD) 2006
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The 2006 MAPLD International Conference will be held at the Ronald Reagan Building and International Trade Center with a session at the Smithsonian National Air and Space Museum in Washington, DC, September 26-28, 2006.

Abstract Deadline:  April 24, 2006

Abstract Information:  http://klabs.org/mapld06/admin/cfp.html
Home Page:  http://klabs.org/mapld06
Information:  mapld2006@klabs.org
The 9th Annual Military and Aerospace Programmable Logic Device (MAPLD) International Conference will address new developments in programmable logic devices and technologies, digital engineering, computing, and related fields for military and aerospace applications.  Papers are invited on a wide range of topics such as technologies, devices, processors, systems, high performance computers, logic design, reconfigurable computers, programming tools, standards, applications (e.g., flight, encryption, and communications), fault tolerance, reliability, and radiation susceptibility.

The technical program will consist of technical paper presentations, “birds of a feather” workshops, and a poster session.  We are planning an exciting program including several special invited speakers, including the annual invited history talk, to be given at the Smithsonian National Air and Space Museum.  We will also continue a feature introduced in 2004, a workshop on Digital Engineering and Computer Design—A Retrospective and Lessons Learned for Today’s Engineers, featuring key design engineers from the 1960s and 1970s and historians.

Special talks include the following:

· Welcome and Opening Address, Chris Scolese, NASA Chief Engineer

· Invited History Talk, Fred Haise, Apollo 13, Shuttle ALT

· Panel Session, Why Is Learning Lessons Learned From Mishaps So Hard?

· The Application Engineer’s View

Four seminars are being planned:  1) Spacewire 101, 2) Radiation and Programmable Logic Devices, 3) Systems Safety and Embedded Computing Systems, and 4) Design Verification Tutorial.
Planned technical sessions are as follows:

· Applications: Military & Aerospace

· Logic Design and Processors

· Reconfigurable Computing, Evolvable Hardware, and Security

· Reliability and Failure Analysis

· Radiation and Mitigation Techniques

· Non-volatile Memory Technologies

· Mitigation Methods for Reprogrammable Logic in the Space Radiation Environment

· PLD Failures, Analyses, and the Impact on Systems

· NESC and Software

· Low Power Design

· Reviewing Military and Aerospace Designs

· Digital Engineering and Computer Design—A Retrospective and Lessons Learned for Today’s Engineers

Reservations are being accepted for the industrial and Government exhibits; e-mail mapld2006@klabs.org for information.

Book signings by the following authors (developing) are planned:  Eldon Hall, Journey to the Moon; Tom Jones, Complete Idiot’s Guide to NASA Sky Walking; Roger Launius, To Reach the High Frontier Space Stations: Base Camp to the Stars; Sy Liebergot, Apollo EECOM.
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