	Title:
	COTS MEMs Sensors/Accelerometers Quality & Reliability Characterization

	
	( New Proposal

( Continuing NEPP Work

	Total $ Requested

FY 02:
	

	Technology Type:
	( Newly Available (COTS)

(Emerging/Advanced

	
	

	Project Area:
	(Parts

( Packaging 

(Radiation

	Proposing Centers:
	Jet Propulsion Laboratory

	
	

	Collaborators
	FY00 leveraging 2:1. Aerospace corporation/JSC, NASA-Centers (GSFC, LaRC, JSC), MDL, CISM, industry wide consortium.  West Virginia University (NSF/NASA, $900K).  All contributions are in-kind. 

	Point of Contact:
	Dr. Reza Ghaffarian

818-354-2059 (Tel)

818-393-5245(FAX)

reza.ghaffarian@jpl.nasa.gov

	Investigator:
	Dr. Reza Ghaffarian

	Objectives:
	· Determine manufacturing, test methodology and quality assurance guidelines for commercial-off-the-shelf (COTS) sensors/accelerometers and packages.

· Provide selection criteria for COTS sensors/accelerometers especially targeted for space-flight applications.

· Provide information dissemination for various aspects of MEMS technology.

	Task Description 
	Several commercial off-the-shelf MEMS packages were tested aboard the NASA’s STS-93 Space Shuttle in collaboration between Aerospace and JSC.  A follow up collaboration between Aerospace/JSC/JPL in FY00 was aimed to better define the cause of anomalies observed during flight testing and to understand their failure mechanisms.  To further define the areas of implementation for NASA’s missions, JSC was tasked to review the current sensing/accelerating macro systems for the Space Shuttle and to determine if COTS MEMS can be used as replacements.  JSC to follow up on this and initiate collaboration with project for initiation of candidate MEMS definition and implementation.  Similar activities are underway at GSFC/LaRC/JPL.  LaRC is closely working with their Acoustic branch for implementation of MEMS for the aircraft noise cancellation.  JPL is closely involved with the X-33 program that is currently using MEMS accelerometer.  COTS accelerometer was also evaluated for NASA’s DS-1 microprobe and there are many other potential applications for other NASA’s projects as many technical issues regarding their reliability and assurance assessments are understood.  Use of low cost commercially available packages allow to better define failure mechanisms with statistically meaningful test results for these miniature system and provide guidance for those build for NASA’s missions.  In this task, representative COTS MEMS that have been selected in previous Fys will be subjected to numerous environmental testing representing mission requirements to study quality and reliability of their interconnects. Additional package developed by NASA or other industry team for high reliability applications will be also included in our investigation.  Candidate devices for NASA’s use will be characterized and a few will be packaged and evaluated as benchmark. Results on standards and inspection criteria will be documented as guidelines.  We will use the gained knowledge and experience to effectively support the NASA’s projects in these areas.



	Task Approach to meeting NEPP Objectives
	This task meets all four objectives of NEPP program.  Quality and reliability of COTS MEMS will be test validated to generate statistically meaningful test results. Very limited additional package developed for high reliability including NASA missions will be also characterized to define their package interconnect failure mechanisms. The MEM system interconnects will be subjected to environmental tests as needed and damage progress with time will be identified to provide criteria for early failures.  Destructive failure analyses will be performed to establish failure type and bound critical parameters and to establish the most effective testing approaches.  Results will be disseminated and will be published as a guidelines document.  We will collaborate closely with project to define areas of implementation and will provide technical support based on our gained knowledge and experience. 



	Technical Background
	During the last decade, research and development of microelectromechanical systems (MEMS) has shown a significant promise for a variety of commercial applications including automobile and medical purposes.  For example, accelerometers are widely used for air bag in automobile and pressure sensors for various industrial applications. Some of the MEMS devices are now available as commercial-off-the-shelf (COTS) components.  NASA and aerospace application requires high reliability/harsh environmental applications and possibly much more sophisticated technology development, the COTS would achieve significant cost savings if they could utilize COTS components in their systems.  Reliability and packaging of MEMS including COTS MEMS are lacking contrary to its IC packaging.  Using low cost and widely available COTS can significantly accelerate our understanding of quality assurance challenges and failure mechanisms by starting to generate statistically meaningful reliability data using a large number of them for testing.  Data generated could be used for future standardization of reliability test methodology for MEMS packaging. Therefore, understanding of MEMS reliability and technology assurance issues are key to their wider acceptance towards high reliability applications as well as technology transfer for commercialization.   Common methodologies are needed to be developed for assessing qualification and reliability for MEMS with similar failure mechanisms even though it known that development of assessment methodologies is of great challenge since MEMS are still in their infancy and each has its unique characteristics.



	Technical Approach
	Review methodologies for characterization of second level MEM systems to provide selection approaches since there are no industry specification on how to perform the system characterization for the MEMS technology in general including sensors.  We will continue investigation on quality and reliability assessment of COTS MEMs interconnects that were selected in FY00 and FY01.  Additional package will be included for NASA’s missions and high reliability applications to meet the JPL-led consortium team members’ needs.  Candidate devices will be characterized and a few will be packaged and used as benchmark.  Additional testing for space applications will be also performed on both high reliability and COTS MEM by NASA centers including GSFC, JSC, and LaRC.  Modeling will perform for package configuration optimization as well as interconnect reliability projections.  Methodologies similar to those developed under three JPL-led consortia in characterization of advanced electronics packaging interconnects will be used.  The techniques will be further adapted for the MEMS as needed to include the specific requirement for the sensors/accelerometers.  Package and attachments will be subjected to non-destructive evaluation to characterize manufacturing defect types and frequencies.  The MEM system interconnects will be subjected to environmental tests as needed and damage progress with time will be identified to provide criteria for early failures.  Destructive failure analyses will be performed to establish failure type and bound critical parameters and to establish the most effective testing approaches.  Results on standard/inspection criteria will be disseminated in a guidelines document.  We will also use the gained knowledge and experience to effectively support NASA’s projects in these areas.

	
	

	NASA Customers:
	CISM, X-2000, X-33, NGST, Space Shuttle.  Contact T. Sorensen



	Milestones / Deliverables:
	· Status report on collaboration with MDL/Aerospace on MEMS for PICOSAT program (D)

· Guideline on generating a course work materials (D) and lead activities of West Virginal MEMS program funded under NASA EPSCOR program

· Report on thermal cycles test results to 500 cycles and X-ray inspection of 4 COTS MEMS in collaboration with Aerospace/JSC (D)
· Report on environmental test data gathered in collaboration with Aerospace and additional thermal cycle characterization performed at JPL and failure analysis/DPA at JPL (D)

· Status report/guidelines for NASA community including publication in EEE links and NEPP web site as well as papers for journal publication and conference proceedings (D, M)

· Quality Assurance guidelines

· Package and interconnect modeling guidelines

· Technical papers in NASA EEE Links, industry-wide conferences and trade magazines


Schedule:
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List of Procurements:

Package /PWB/Assembly 

Inspection and failure characterization 

Unique testing

MDL entrance fees  $8,500

	Leveraging
	Formed focussed collaboration between JPL/Aerospace/JSC to perform a follow up on several COTS MEMS that a few of them flight tested using a module in the STS-93 Space Shuttle. Formed NASA-Wide consortium concentrating on teaming and understanding needs of different centers and knowledge exchange.  Collaborated with MDL on LIGA MEMS.  Initiated working with CISM on meso gyro with a follow up on its next generation technology, i.e., microgyro.  Collaborating with West Virginia University on development of an optical approach for quality and reliability assurance of package.  These collaboration activities are designed such to have a coherent work among various tasks on this subject within JPL, NASA-centers, and industry-wide consortium.

JPL/ Dr. Reza Ghaffarian(506): Organize NASA/industry-wide consortia activities to meet the objectives of the program at NASA centers as well as industry partners.  Perform environmental data correlation to failure to establish link between control parameters and life for package system level interconnects.  Coordinate release of NASA/IPC interconnect reliability guidelines for this technology.

JPL/Dr. Ramesham Rajeshuni (506): Concentrate on deliver of a few candidate packages from high reliability team activities including CISM on meso gro and 507 as benchmark to NASA/industry consortium.  Support in package assembly specifically hermetic sealing requirements.  Use tools, characterizations, and modeling needed to assure integrity of packages for high reliability applications.  Support overall program as needed.

JPL/J. Wellman/A. Johnson (514): Characterize both radiation and device characterization of at least one COTS accelerometer in support of the overall packaging team activity.  Comparison of radiation test to be performed at JPL and GSFC. Act as device/radiation consultant for high reliability activities of NASA/industry consortium as well as input into NASA/IPC MEMS guidelines. 

GSFC/H. Shaw/ A. Sharma/K. LaBel: Continue support on test matrix design of experiment and package characterization and modeling for high reliability applications.  Continue dynamic/failure characterization of additional packages similar to the COTS package evaluated in FY00.  Perform radiation characterization initiated in FY00 on selected accelerometer.  Participate in NASA/industry consortia.  Provide report for internal use and input in NASA/IPC guidelines document.

LARC/Otis Riggins: Support through this program and cold electronics. Participate in workshop and interface with code R project to define their specific needs.  Select a few packages for additional characterization to meet Code R requirements. Continue closely working with their acoustic branch for implementation of MEMS for the aircraft noise cancellation . Provide report for internal and inclusion in NASA/IPC guidelines document. 

JSC/Alice Lee: Continue collaboration with Aerospace/JPL through this program and JSC funds.  Perform failure analysis and characterization.  Assign a few candidate packaged and perform additional tests required for risk mitigation.  Further identify potential applications through interface with projects at JSC.  Provide a report for internal use and inclusion in NASA/IPC guidelines. 

Boeing: Strongly support this activity and has developed sensors for aircraft application.  A joint paper with Boeing on review of COTS MEMS was published and presented at the IEEE conferences.

Industry Consortia:

A large number of companies are currently involved that will be contributing to the task.  Some of these companies have worked under JPL led consortia of BGA, microBGA, and CSP and will continue to work with JPL under SIP.  A team of SIP consortium will focus on MEMS.  Examples of team members are: Boeing (see above), Raytheon, TRW, ITT, Litton, USAF, Harris, Sandia National Labs., Micron, Sun Microsystems, StorageTek, Celestica, Hughes Network Systems, Amkor, Kyocera, AMD, Sony, GE, Flip Chip.   Also, Drapes Lab and Honeywell has show interest in participation.  Honeywell is highly interested in collaboration in packaging. 
Information Management and Dissemination Project: Collaborate with NASA’s project/mission assurance leaders and disseminate information as needed.

NASA Training course.  Collaborate with the JPL and GSFC training centers to develop a training course for effective NASA-wide training which is another vehicle for information dissemination.

Association Connecting Electronics Industries (IPC) : Collaborate to release NASA/IPC guidelines document for this technology

	
	


Task Duration:

	
	(FY00)
	FY01
	FY02
	FY03

	Task  $
	234
	370
	210
	N/A

	Procurements
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SCHEDULE 

COTS MEMS Sensors/Accelerometer

ID

Task Name

1

Quarterly Report

16

Status of sensors

17

Form Sensor Consortium

18

Telecons with consortium team

19

Workshops

20

Develop effective TV design

21

Gather needed package/medium

22

Release Workshop Documents

23

Assemble TVs with sensors

24

Inspect TVs with sensors

25

Perform appropriate Tests

26

Damage progress for sensors

27

Determine Failure modes for sensors

28

Define key factors to reliability 

29

Guidelines for Pressure Sensors

30

Publications, NASA EEE Links, etc.

31

Q1-2001- Test matrix on 4 COTS MEMS Aero/JSC

32

Q2- Preliminary environmental test data

33

Q3- Failure Anayseis of JPL/JSCAero

34

Q4- Release data/Publish a paper
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