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Curiosity Rover Finds and Examines a Meteorite on Mars
The dark, smooth-surfaced rock at the center of this Oct. 30, 2016, image from the Mast Camera (Mastcam) on NASA's Curiosity Mars rover was 

examined with laser pulses and confirmed to be an iron-nickel meteorite.)
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Levels (TRLs)
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NEPP/NEPAG Focus

• NEPP = NASA Electronic Parts and 

Packaging Program

• NEPAG = NASA Electronic Parts 

Assurance Group

• Funded by NASA Office of Safety 

and Mission Assurance (OSMA)

o Co-managed by Mike Sampson 

and Ken LaBel

o JPL funding comes through  5X 

Assurance Technology Program 

Office (ATPO) managed by 

Doug Sheldon
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• Weekly Telecons
o A forum for effective exchange of information on electronic parts used on flight projects 

across NASA (OneNASA) and the space parts community (OneSpace). In its 17th year 

of operation, NEPAG is comprised of 25 organizations including 7 NASA centers, JPL 

and 3 international partners from Europe, Japan, and Canada (ESA, JAXA, CSA, 

respectively). 

o These telecons drive the NEPAG program:

• Support to Defense Logistics Agency (DLA) – Audits, SMD Reviews 
o The Defense Logistics Agency (DLA), the Aerospace Corporation and NASA form the 

space microcircuits qualifying activity (QA). Therefore, NASA is actively involved in the 

audits and standards activities.

o Audits: VQ is the audits branch of DLA. NASA supports about 25% of the audits DLA 

does. We lead audit teams in areas such as burn-in and electrical test program reviews. 

o Standard Microcircuit Drawings (SMDs): VA is the standards/documentation branch of 

DLA. We review SMDs for new space products. The SMD program is going strong with 

about 18–20 new space SMDs created every year.
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NEPAG Activities



Space Parts World
Develop/Maintain Standards for Space 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).
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A New Trend – Supply Chain Management

Ensuring gap-free alignment for each qualified product

(All entities in the supply chain must be certified/approved)

Manufacturer A Die design  

Manufacturer B Fabrication

Manufacturer C Wafer bumping 

Manufacturer D Package design and package manufacturing 

Manufacturer E Assembly 

Manufacturer F Column attach and solderability 

Manufacturer G Screening, electrical and package tests 

Manufacturer H Radiation testing 
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A Changing Landscape (Shipping/Handling/ESD Challenge)



• For Flip-chip column attach 

o Add room temperature electricals (subgroups 1, 7, 9) after 

column attach – step 11 above
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An Example of SMD Boiler-Plate Update



Partnering with Industry Groups, NASA Centers, Space Agencies
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JEDEC/G-11/G-12 Grid (January 2017)



NEPAG and JEDEC/G-11/G-12

• January 2017 Meeting
o Held NEPAG@JEDEC

o Attended executive committee meetings

o Chaired Space subcommittee meeting

o Responsible for G-12 meeting notes (Roger)

o Co-lead task group on burn-in (Shri)

o Meetings with manufacturers

 Including State of the Art (SotA)

o Meetings with OEMs

o Provide Class Y status report

o ESD related Support (Shri)

 DLA Engineering Practice (EP) Study on electrostatic discharge (ESD)

 New JC-13 task group on ESD

o Active participation (Shri, Leif, Jennifer, John, Dale)

 JC-13.2 (monolithic microcircuits)

 JC-13.4 (radiation)

 G-11 (passives)

 G-12 (actives)

• Telecons
o Plastic encapsulated microcircuits (PEMs) for Space

o PEMs for Terrestrials/ Avionics

o JESD 625B and ESDA 20.20 Harmonization
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• Status

o Task Group until recently was chaired by B. 

Rhoton. Taken over by N. Shindler going 

forward.

o Published Guideline document JEP163.

o DLA’s Engineering Practice (EP) study on BI 

is complete.

o Task group is still open to address new 

concerns

• A New Concern

o BI of high-speed devices (frequencies 

approaching gigahertz range)

 What about hot spots on the die? For 

example, Serializer/Deserializer 

(SERDES) in a field-programmable gate 

array (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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Example of Updated Requirements, Microcircuits Burn-in (BI)
(NASA Inputs 12 September 2016)



• Leak rate and residual gas analysis (RGA)  

• New technology insertion (>2D packaging)

• GaN, SiC Working Groups

• Hybrid element evaluation

• Passives

• Radiation hardness

• Plastic encapsulated microcircuit (PEM) screening and qual flows

• Copper bond wires qualification, testing
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Other JEDEC/G11/G12 Major Activities Supported by NASA



• Microcircuits: 

o Candidate companies for NASA ESD survey are identified during the 

DLA audit.

o This is an independent survey by NASA--Not a part of the DLA audit 

process.

o The purpose of the survey is to better prepare smaller manufacturers 

with plans to develop space products.

o The findings of the survey are non-binding.

o There has been good feedback from companies that went through it.  

NASA Electrostatic Discharge (ESD) Surveys of Manufacturers
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• NASA EEE Parts Bulletin (January – July 2016)

Electrostatic Discharge
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Process Flow:

*DLA Audits: Major issues uncovered during DLA audits

*NASA Parts Bulletin – Special Edition: Gives subject matter background. Provides results of 

NASA evaluations, ESD surveys, etc. 

*DLA EP Study: A large survey of manufacturers, users, others. 

*JEDEC/G11/G12 Meetings: Where discussions are held.

Issues from Microcircuit / Other Audits and Methods of Resolution

NASA ESD
Surveys

DLA presented 
EP results in  
January 2017 

NASA Parts
Bulletin –

Special ESD 
Edition

DLA
Engineering

Practice (EP)
study

Old/inconsistent
requirements

(e.g. 3 zaps vs
1 zap per pin)

A JEDEC 
ESD task 

group 
formed

Difficulties in meeting
requirements

NASA Parts
Bulletin –

Special Edition 
on Underfills

JEDEC Task 
Group

DLA
Engineering

Practice (EP)
study

Resolved

DLA
Engineering

Practice (EP)
study

Varied interpretations of
requirements

JEDEC
Task Group 

(TG)

JEP163.
TG still
open

Audits

Burn-in

Underfill

ESD

Crystal
Oscillators

Per manufacturers, practically no 
sales for QPLS oscillators

NASA Parts 
Bulletin – in 
preparation

DLA EP study 
planned

DLA talk at 
Space meeting 
last September

New issue

DLA
Engineering

Practice (EP)
study

New Technology Infusion
G-12

Task Group 
(TG)

MIL-PRF-
38535 

Revision K

NASA Parts 
Bulletin

Class Y



Microcircuits

Moving with the Times

• NASA Class Y experience:

o NASA-led new technology infusion

 A new way to conduct business

 Supplier offered a product of system-on-a-chip (SOC) complexity, 

 Xilinx Virtex-4 and -5 FPGAs (ceramic-based flip-chip non-hermetic 

construction)

 Of great interest to hardware designers

 It represented advances in packaging, smaller feature sizes

 Flip-chip, CGA. 65nm–90nm feature sizes.

 But, it didn’t fit any of the existing categories

 So, a new Class Y was introduced

 It also made us realize that we had reached an unchartered area 

 Somewhere near the boundary of parts and boards

 Suppliers and space community had considerable discussion on developing 

requirements for Class Y (some of which would also apply to Class V).

 Examples of new requirements put in 38535K:

 Post column attach electricals (screening)

 Package integrity demonstration test plan (PIDTP) quality conformance 

inspection (QCI)

 The concept of doing screening and qualification testing remained intact
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Infusion of New Technology into MIL/Space Standards 

PIDTP and Its Applicability 

• Issue

o How to address the manufacturability, test, quality, and reliability issues 

unique to new non-traditional assembly/package technologies intended 

for space applications

• Solution Proposed

o Introduced a new concept called package integrity demonstration test 

plan (PIDTP)

o Each manufacturer shall develop a PIDTP that shall be approved by the 

qualifying activity after consultation with the space community. 

Ref: MIL-PRF-38535K, Para B.3.11.

• The PIDTP requirement would  apply to:

o Non-hermetic packages (e.g., Class Y). Ref: 38535K, H.3.4.4.1.1.

o Flip-chip assembly. Ref: 38535K, H.3.4.4.1.2.

o Solder terminations. Ref: 38535K, H.3.4.4.1.3.

• Microcircuits employing more than one of above technologies 

shall include elements for each in the PIDTP.

Ref: 38535K,  H.3.4.4.1.
17



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)





38535K Coordination Meeting
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Class Y Qualification / Certification Status

• Qualified Manufacturers

o Honeywell, Plymouth, MN.

• Certified Column attach service providers

o Six Sigma, Milpitas, CA

o Micross, Crewe, UK 

o BAE Systems, Manassas, VA

o Honeywell, Plymouth, MN

• Certified Manufacturers

o Cobham, Colorado Springs, CO

• Certification Planned

o Xilinx, San Jose, CA

 Still no specs for BME (Base Metal Electrode) IDCs (Inter-Digitized 

Capacitors)

o e2V, Grenoble, France

o Cypress, San Jose, CA
19



PEMS for Space 

• Working toward Standardized Flows for NASA CubeSats and SmallSats

o There are many new NASA flight missions categorized as CubeSats and 

SmallSats. During the weekly NEPAG telecons, the group has discussed what 

kind of standard products would fit those applications, including commercial-off-

the-shelf (COTS) plastic encapsulated microcircuits (PEMs). NASA is supporting 

SAE SSTCG12 committee activities with the goal of developing PEM standard 

flows for avionics, and space applications. 

o At least three parts manufacturers have recognized the need for this newly 

developing market and are offering customized parts. Cobham Aeroflex has 

several flows assigned based on extent of testing to assist users in picking the 

best parts. Similarly, Texas Instruments offers parts in five different versions, 

including their QML offerings. Linear Technology plans to offer PEM products with 

guaranteed total dose radiation (rad tolerant, RT) ratings. Also, there is an 

existing QML N flow for standard non-space PEM devices. 

o These are all good developments. However, it would be cumbersome to manage 

multiple nonstandard flows. Moreover, some of these approaches may or may 

not apply to NASA missions depending on acceptable risk levels. The ideal 

situation would be for the space community and manufacturers to agree on a 

limited number of standard QML PEM flows to offer solutions for small missions 

(CubeSats, NanoSats, SmallSats, etc.). In addition, there are DLA’s Vendor Item 

Drawing (VID) program and parts built for automotive applications.

o All this needs to be discussed.
20



PEMs for Space

• Newer Applications
o CubeSats

o SmallSats

Standardizing on a few well-defined 

flows rather than multiple flows 

defined by each manufacturer or by 

each standards group.

SAE AS6294, developed by G-12, is 

one candidate. 
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DLA’s VID (Vendor Item Drawing) Program

• Analog and digital functions offered.
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Evaluation of Automotive Microcircuits 

• Existing automotive parts market

o Plastic packages

o No screening is done

o Much testing is done at the wafer level

o Limited qualification

o The customer must enforce any desired requirements

o Manufacturers self certify — no DLA-type regulators

o The system works because of high-volume production — That is the 

customer’s power to enforce upgrades

• Evaluation is in progress at Navy Crane 

o Screening and qualification are planned

 Tight budget

 Qualification will be limited to life test 
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Current Status of Hermetic and Non-Hermetic QML  Space ICs 

• Classes V and Y

o The demand for standard hermetic space products (Class V) continues to 

stay strong. We review 18–20 new SMD drawings every year, many of 

which include guarantee for radiation hardness. It shows that despite a 

push towards COTS to address CubeSats, SmallSats, and other 

applications, the standard space parts are still pretty much in demand.

o Development of a new QML Class (such as the Class Y we did for ceramic 

based non-hermetic microcircuits) takes a fair amount of work.

o The screening and QCI requirements for Class V and Y are similar except 

for Class V is hermetic, Class Y is not.

o In the process of developing requirements for Class Y for Xilinx Virtex 

FPGAs and other products of similar complexity, system-on-a-chip (SoC) 

with a large number of columns (1752 for Xilinx), it was realized that we had 

reached an unchartered area: somewhere near the boundary of parts and 

subassemblies. Many compromises had to be made, such as room 

temperature (rather than over temperature) electrical testing post column 

attach.
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Hermetic and Non-Hermetic QML Space ICs in Near Future

• Concluding Remarks

o The extent of support to flight projects/programs/experiments provided 

by parts engineers working at NASA would broaden: it would cover a 

much wider spectrum of parts, from COTS and automotive to traditional 

standard products. 

o The next generation of parts, 2.5D and 3D, will require considerable 

work in developing standards. 

o The boundary between monolithic and hybrid microcircuits is going to 

keep getting fuzzier. At some point we would wonder if it wouldn’t make 

sense to have one performance specification for all microcircuits, 

including those in 2.5D/3D configurations (combine MIL-PRF-38535 and 

MIL-PRF-38534)? 

o Higher chip speeds and increasing chip densities will require a shift in 

the paradigm for electrical testing and burn-in. 
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NASA Workshop

• Workshop

o NASA Electronic Technology Workshop (ETW) combined with 

Small Missions Workshop is held in June every year 

 The next ETW will be June 26-29, 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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