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• Thank you Suzuki-san for your invitation. It’s always a great 
pleasure to visit Tsukuba. 

• Congratulations on the 29th anniversary of the MEWS Workshop!
• JAXA is our valued partner in NASA Electronic Parts Assurance 

Group (NEPAG) activities. 
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Introduction 

• This talk is about challenges of adapting next generation microelectronic 
devices for use on NASA missions. 

• Advanced technologies provide lower power, higher performance, more 
functionality, and smaller packages. 

• But, there are many challenges, tighter budgets, constrained workforce, 
and shorter schedules being some of them.

• NASA supports a very wide spectrum of space missions/programs ranging 
from smallsats/cubesats to flagship missions such as Juno and the 
planned Europa mission. The success of each mission is important.

• As part of NEPAG, we work with manufacturers and the space parts user 
community to develop/evaluate new space products. 

• The following pages will discuss some of the issues and related activities.
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Adapting Next Generation Technology is a 
Multi-pronged Effort 

• New Technology Evaluations
o There are NEPP (NASA Electronic Parts and Packaging) funded evaluations 
o NEPP also joins hands with other organizations. For example,

 Working with the Navy Crane (see write up in the latest NASA EEE Parts Bulletin)
 Forming groups to understand advanced devices 

 Hold periodic telecons 
• The JC-13 Effort

o About two years back, JC-13 created a new committee, JC-13.7
 JC-13.7 charter is to look into next generation technologies

 List of top candidates
 SiC, GaN (jointly with JC-13.1)
 Copper bonds (with G-12 COTS/PEMs)
 2.5D and 3D microcircuits (with G-12)

 What would it take to infuse new technologies into QML standards
 Identify the gaps

 The JC-13.7 meets three times a year (same time as other JC-13 and G-11/G-12)
 It is supported by NASA, JAXA among others

4



Adapting Next Generation Technology is a 
Multi-prong Effort (Cont.)

• Preparing to embrace advanced technologies
o Continually Improving the Existing Infrastructure

 The role of Microcircuits Qualifying Activity (QA) 
 QML Classes

 Is the current set of Q, V, and Y sufficient to cover new devices?
 Specs and Standards

 Bring them current (more details later)
 Some of the side issues

 Handling/packaging/ESD (electrostatic discharge)
 Burn-in of high speed devices
 Usefulness of the Qualified Products List (QPL) program
 QPLS (space grade) crystal oscillators Limited resources
 Workforce   
 Budgets
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Space Parts World
NEPAG helps to Develop/Maintain Standards for Electronic Parts 

The parts users and standards organizations work with suppliers to ensure availability of standard 
parts for NASA, DoD, and others. For Space microcircuits, DLA, NASA/JPL (S. Agarwal*) and the 
U.S. Air Force / Aerospace Corp. (L. Harzstark) form the Qualifying Activity (QA). 

*Also Systems, Standards and Technology Council (SSTC) G-12 Vice-Chair.
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NASA and JC-13 
• NASA is an active participant in many JC-13 activities. 
• Some of the JC-13 Task Groups were started at NASA’s request. 

o Example: Electronic Parameters and Burn-in Standardization.  
• The newly started New Technology initiative (JC-13.7) provides an 

opportunity to look ahead:
o Identify new technologies                 
o Develop a path for their infusion into military and space. 
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Ceres’ Mountain Ahuna Mons: 
Side View

Ceres’ lonely mountain, Ahuna 
Mons, is seen in this simulated 
perspective view. The elevation 
has been exaggerated by a factor 
of two. The view was made using 
enhanced-color images from 
NASA’s Dawn mission.



NASA and SAE SSTC G-12* 

• NASA is an active participant in many G-12 activities. 
• When requested, NASA has led the G-12 Task Groups. 

o Example: Infusion of new technology into DoD standards, the Class Y initiative.  
• With the appointment of Shri Agarwal as the Vice-Chair of G-12,  NASA is 

helping run the organization. 
• Just recently, NASA was asked to take over the G-12 Space subcommittee 

as its Chair.  In addition to the regular presentations from international 
agencies, two invited talks were given on ESD and the state of crystal 
oscillators

• * SAE = Society of Automotive Engineers    
SSTC = Systems, Standards and Technology Council   
G-12 = Solid State Devices 
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Partnering with Industry Groups
• JEDEC JC-13 (Manufacturers), and
• SAE SSTC G-11/G-12 (Users)
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Infusion of New Technology into MIL Standards

• Introduced Package Integrity Demonstration Test Plan 
(PIDTP)
o To address the manufacturability, test, quality, and reliability 

issues unique to specific non-traditional assembly/package 
technologies intended for space applications?

• The PIDTP
o Provides flexibility to manufacturers (by moving away from 

rigid requirements).

• MIL-PRF-38535K, Para B.3.11 states that
o Each manufacturer shall develop a PIDTP that shall be 

approved by the qualifying activity after consultation with the 
space community. 
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A Typical Challenge in a Frequent Dialogue

• Design Engineer: 

o Why can’t I use the product as soon as it is announced by the manufacturer?

• Parts Engineer:

o The part is not available as a standard space product.  
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New Technology Qualification
Some Major Activities

• Technical support to the Defense Logistics Agency (DLA) audits of 
supply chain:
o Wafer foundry
o Wafer bumping 
o Assembly
o Column attach
o Proper shipping/handling/ESD precautions become important

 Per unit costs approaching $100k
 NASA ESD surveys

 NASA EEE Parts Bulletins

• Qualifying Activity (QA) Reviews/Approvals:
o NASA is part of the QA
o Manufacturers to perform qualification as required in MIL-PRF-38535.  

 For example, 4000-hour life test 
o DLA and manufacturers to develop standard microcircuit drawing (SMD)

 Update existing boiler plate to accommodate new features - example on 
next page 
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NEPAG DLA Audits 
CHANGING  LANDSCAPE

A New Trend – Example of Supply Chain Management
(Typical steps in the supply chain flow; all entities used must be approved)

Die design Company A 

Wafer fabrication Company B

Package design & Company C
manufacturing 

Wafer lap and dice Company D 

Assembly Company E 

CGA column attach Company F 
Solderability 

Screening/electrical/package Company G
tests 

Complete electricals per SMD Company H 

Internal water vapor content Company I

Radiation testing Company J

Juno’s View of Jupiter’s Southern Lights

This infrared image gives an unprecedented 
view of the southern aurora of Jupiter, as 
captured by NASA’s Juno spacecraft on 
August 27, 2016.
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Standards Today

• Past Standards:
o Were written to accommodate multiple sources. 
o Minimal flexibility was allowed.

• Current Standards:
o Written to infuse new technology.  

 Addressing complexities at both die and package levels 
o Introduced PIDTP (Package Integrity Demonstration Test Plan) 

for Classes V and Y
 Allowing manufacturers to build their products the best way 

they know how 
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NASA’s Involvement in Developing 
New Space Products 

• With the Defense Logistics Agency (DLA) and the Aerospace Corporation, 
NASA participates in the review and approval of new space products:
o Standard Microcircuit Drawings (SMDs)
o Characterization and qualification data per Appendix H of MIL-PRF-38535 

(for the monolithics)
• During the fiscal year 2016, a total of 16 microcircuit SMDs were approved 

for release. The mix of new product types included:
o Digital-to-analog converter from Cobham
o Analog-to-digital converters from TI and ADI
o 16-bit and 32-bit switches from Cobham
o DC/DC converters from VPT, International Rectifier, and Crane Electronics
o Operational amplifiers from ST Micro and ADI
o MOSFET drivers from ST Micro
o Configurable logic gates from Cobham
o Instrumentation amplifier from ADI  
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Standard Microcircuit Drawings (SMDs) 

• DLA-VA responsible organization

• Supposed to be a self contained document

• Table I. In particular delta parameters

• Table IIa. Electrical measurements

• Table IIb. Delta measurements

• More functional/operational details added in SMDs, as applicable
o e.g., Power-supply sequencing

• Per manufacturers, there is a strong demand for space products
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An Example of SMD Boiler Plate Update

• For Flip-chip column attach 
o Add room temperature electricals (subgroups 1, 7, 9) after column attach –

step 11 above
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Electrical Characteristics

• Encircled are the delta parameters
• The limits should be split into room-temperature limits and over-

temperature limits
18



New Technology Flip-chip Devices:
Underfill Status Update

• Use of Underfills
o The use of underfill material enhances reliability of flip-chip packages.
o MIL-PRF-38535K requires flip-chip devices to meet the underfill 

requirements specified in MIL-STD-883, Test Method 5011. 

• Activities
o NASA EEE Parts Bulletin on underfills.
o Defense Logistics Agency (DLA) Engineering Practice (EP) study
o Discussion in Underfill Task Group 

• Status
o The specification issue was resolved at the September 2016 meeting.
o Task Group is now closed.
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Example of Updated Requirements, Microcircuits Burn-in (BI) 
(NASA Inputs 12 September 2016)

• Status
o Task Group chaired by B. Rhoton
o Published Guideline document JEP163.
o Task Group is still open to address new 

concerns.
o DLA’s Engineering Practice (EP) study on 

BI is complete.
o Task group is still open

• A New Concern
o BI of high-speed devices (frequencies 

approaching gigahertz range)
 What about hot spots on the die? For 

example, SERDES in an FPGA may run 
much hotter than the rest of the die.
 Practically no data on hot spots 

(no verification of models)
 Ambient vs. case vs. junction 

temperature
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Dual-Use Technology

• Basically an infusion of commercial 
monolithic microcircuits into DoD system.

o Rad hard by design 45nm CMOS 
microelectronics technology (BAE Systems, 
built at IBM foundry) 

o Adding their unique processing steps to the 
existing processes, e.g. MRAMs being 
offered by Aeroflex and Honeywell (done in 
collaboration with Everspin)

o Upscreening selected products from 
commercial portfolio (Analog Devices)

• This has resulted in paradigm changes. An 
example follows:

o Not all parts are specified over the full 
military temperature range, –55°C to +125°C. 
Many of them call out –40°C to +110°C 
operating temperature range. These 
differences are now clearly shown in the 
standard microcircuit drawings (SMDs). 
However, there are no guidelines for BI of 
these devices. (Per notes 3/ and 4/ of the 
regression table, doing BI at temperatures 
lower than TA=125°C is not allowed for 
monolithics.) 

o It is unclear what assumptions went into 
generating the numbers.
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MIL-STD-883, Test Method 1005

• Life test below TA = 125°C not allowed for monolithic microcircuits.
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What if the Product Didn’t Fit Any of the Existing 
Classifications? The “Class Y” Initiative

• Advances in packaging and device technology are happening rapidly. 

• How do we enable space flight projects to benefit from the newly 
developed devices? 

• For Xilinx Virtex-4 and -5 FPGAs (which are ceramic-based flip-chip 
nonhermetic parts), a new class was needed.

• NASA led a G-12 initiative, called Class Y, for infusing Xilinx Virtex-4 
and -5 FPGAs and other similar devices into military/space standards. 

• Such an effort must be coordinated with the suppliers and users. 

• Need to address all aspects of packaging configuration. 

• New test methods must be created and the existing standards 
updated as necessary.
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G-12 
Class Y 

Task Group
Non-Hermetics in 

Space

Manufacturers Primes

JC-13.2 Flip-chip 
Package BGA / 

CGA** Requirements 
(closed)

Newly Formed Task Groups with Class Y Interest

JC-13.2 Electronic 
Parameters &

B.I. Standardization

JC-13/G-12/ G-11 BMEs
(base metal electrodes) 

(closed)

Task Group Activities Task Group Inputs

Government

Infusion of the New Class (Y) Technology into the QML 
System for Space

Review M. Sampson Idea

Class Y Concept
Development

EP Study (DLA-VA)

JC-13.2
5004/5 Testing BGA/CGA 

(closed)

Other Task Groups with Class Y Interest

G-12 Plastics 
Subcommittee

JC-13 TJ 
requirements

(closed)

*  PIDTP = Package Integrity Demonstration Test Plan
** BGA / CGA = ball-grid array / column-grid array

Others





Users to procure QML-Y flight 
parts from certified/qualified 
suppliers 

Manufacturer Certification to 
QML-Y (DLA-VQ) (in progress)

Coordination Meeting at DLA
Land & Maritime (April 2012)



Aeroflex (October 2011)

Xilinx (February 2012)

Honeywell (May 2012)

Supplier PIDTP* Presentation 

Minnowbrook Conference
Oct. 2013, New York

Conference



BAE (October 2012)





 CMSE (Feb. 2013), LA



e2v (January 2013)


DLA-VA to update 38535 with 
Class Y requirements and 
release the draft version (rev. 
K) for comments



DLA-VQ to begin preparation 
for auditing Class Y suppliers



DLA-VA to date 38535K

DLA-VQ to begin audit of 
suppliers to Class Y 
requirements (in progress)




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Class Y Certifications Activity

• Column attach service providers

o Six Sigma, Milpitas, CA
o Micross, Crewe, UK 
o BAE Systems, Manassas, VA
o

• Manufacturers

o Cobham, Colorado Springs, CO
o Honeywell, Plymouth, MN 

• Planned

o Xilinx, San Jose, CA
o e2V, Grenoble, France
o Cypress, San Jose, CA
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Artist’s conception of the OSIRIS-REx spacecraft 
at Bennu asteroid

The OSIRIS-REx spacecraft was launched September 8 
this year and is scheduled to arrive at asteroid Bennu 
in 2018. Once there it is to make observations and 
return a small sample by 2023. In this image, the solar 
arrays are raised into a “Y-wing” configuration prior to 
arm contact.



Signal Integrity Capacitors

• New technology high-speed devices require signal integrity capacitors

o Commercial capacitors of base metal electrode (BME) construction were 
designed into the products
 Tiny, low voltage

• A task group comprised of the manufacturers and the users   
developed a screening specification 

• Status
o The general specification MIL-PRF-32535 and a set of 10 slash sheets   

were released.
o The slash sheets for the interdigitated capacitors (IDCs), used in Xilinx 

Virtex 5 FPGAs and other new devices, are being worked.

26



ESD - A New Concern from NASA

• Electro Static Discharge (ESD)
o MIL-STD-883, Test Method 3015

 Too old, long test times
 Needs to be revisited for new technology

 Smaller feature sizes, large number of contacts/pins, 
advancements in packaging (2D, 3D)

 883 vs JEDEC (3 zaps/pin vs 1 zap/pin, for HBM test)
 Equipment used to assemble /process parts/wafers need closer look –

special talk at Space subcommittee meeting
 Generic issue; applies to all parts military/space (and COTS)

o MIL-PRF-38535
 Clarify requirements

 No specific ESD requirements for wafer foundries
 DLA is conducting their engineering practice (EP) study

o NASA EEE Parts Bulletin
 Special edition on ESD

o NASA ESD Surveys
 Conducted to bring awareness 
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NASA EEE Parts Bulletin
Special Edition on Electrostatic Discharge (ESD) 

• Show 2-3 pages of the recently released Bulletin  
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• The main drivers are size, weight, and price of electronic components

o Commercial electronic parts usually offer varied functions 
o How do automotive parts compare to catalog commercial?

• Commercial Parts Options

o Manufacturers make parts to meet the needs of their chosen market(s)
o Automotive parts are designed to meet the needs of subsystem suppliers 

to automobile manufacturers

• Space

o Parts from manufacturers that are qualified to the Automotive Electronics 
Council (AEC) Q specifications seem to offer advantages for the 
smallsat users

o NASA is doing a limited evaluation of automotive electronic parts

Evaluating Automotive Parts for
Potential NASA Applications
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AEC Q specifications are Qualification Requirements Only, Focused on:

• A One-Time INITIAL QUALIFICATION of a Device Family
o “Device Family” is Common Materials, Processes, Designs, 

Manufacturing Location, etc.
o “Generic Data” may be used provided relevance of data can be 

demonstrated

• Requirements for REQUALIFICATION
o Provides recommendations as needed

• Requirements for process change notification (PCN) to automotive 
customers

• THEY DO NOT PROHIBIT PURE TIN 

– Whisker mitigation is recommended!

Evaluating Automotive Parts for
Potential NASA Applications
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Counterfeit Parts 

• Refers to counterfeit parts awareness and mitigation. 
• GIDEPs (Government Industry Data Exchange Program [reports]) on 

counterfeit parts are reviewed on NEPAG telecons. 
• During the DLA audits, the manufacturers are asked for their counterfeit 

mitigation plans. Most of them have some form of mitigation.  
• NASA provides counterfeit training. 
• NASA supports the SAE (Society of Automotive Engineers) effort. 
• Procure parts, particularly new technology devices, from the authorized 

sources.
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Standard PEMs (Plastic Encapsulated Microcircuits) for 
Potential NASA Applications

• NASA Applications
o Cubesats
o Smallsats
o Others

Standardizing on a few well-
defined flows rather than multiple 
flows defined by each 
manufacturer or by each standards 
group. 
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NASA Workshop

• Workshop

o NASA Small Missions Workshop combined with Electronic 
Technology Workshop (ETW) is held in June every year 
 Next ETW will be June 19–22, 2017

o Venue: Goddard Space Flight Center, Greenbelt, MD

o Past papers posted on NEPP Website: 
nepp.nasa.gov

o See above website for other details
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Conclusion

• Adapting new technology is an on-going challenge.

• NASA has responded to an ever changing environment over the years 

o NASA supports a very wide spectrum of space missions/programs 
ranging from smallsats/cubesats to flagship missions such as Juno and 
the planned Europa mission. The success of each mission is important.

o NASA has adopted next-generation devices over the years through our 
own evaluations and jointly working with other space entities.

o We have adopted progressively smaller and more capable parts as 
technology advanced.

• The JAXA Microelectronics Workshop (MEWS) is an extremely      
useful resource

Thank you!
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JUNO @ Jupiter

• On July 4, 2016, the Juno spacecraft arrived at Jupiter.  

• Please watch the video for Juno (courtesy of
NASA/JPL-CalTech).
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