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Abstract

MIL/JEDEC standards play a vital role in electronic parts procurement and
usage on all NASA missions. Through the NASA Electronic Parts Assurance
Group (NEPAG) Program, NASA is an active participant in work related to the
standards as they apply to electronic parts. This paper will provide an update on

those activities.
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NEPAG Partnering with Industry Groups

e JEDEC JC13 (Manufacturers), and
e SAE SSTC G11/G12 (Users)

JEDEC JC13 SSTC G11/G12
ﬂms Solid State Devices for\ / . \
Government Products SAE Users of Passive
SSTC Components
JC-13.1 | Discrete Semiconductors G-11
for Government Products
JC-13.2 | Microelectronics for SAE Users of Solid State
Govermnment Products SSTC Devices
mmmmm—) ¢’
JC-13.4 | Radiation Hardness
JC-13.5 | Hybrids and MCM:s for G12 Management:

Government Products
Chair - A. Touw

JC-13.7 | New Electronic Device

Insertion for Government
\ Products / \

OneSpace
Community

Vice Chair - S. Agarwal

Pursuing Excellence in

Joint JEDEC and G12 meetings
are held 3 time a year. NEPAG
is an active participant in those
meetings. NEPAG’s Shri Agarwal
was recently appointed as the
vice chair of G12.




JEDEC/G11/G12 Meetings
o JC13.x/G11/G12 Meetings

» The JEDEC/G11/G12 meetings are held three times a year. The first meeting of
FY16 was held in Jan 2016.

= NASA patrticipation:
% Organize NEPAG meetings

s Active involvement in Task Group meetings
Q JC13.1, 13.2, 13.4, 13.5, 13.7, and G11/G12

s G-12 & G11 Management

O Participate in Executive Council meetings as the G-12 Vice-chair, and
Chair of the G12 & G11 Space Subcommittee

O Take notes of G12 meetings
O Help with Task Group meetings

*JEDEC (Joint Electron Device Engineering Council) is a standardization body
composed of semiconductor device manufacturers and their supply chains. SAE
(Society of Automotive Engineers) coordinates development of technical standards by

aerospace, automotive, and other users. Held three times a year, these meetings are
leeavs t0 Nnarte ctandardization incliidina the infiicion of new technolonyy




Grid for JEDEC/G11/G12 meetings (Example: Jan2016)

San Amonio, Texas PRELIMINARY January 2015
Moating Schedule
| Day Room __7:30 AM 8:00 AM 0:00 AM 10:00 AM 11:00AM 1200 PM 1.00PM 200PM 300PM 400 PM 5:00 PM 6PM__ 7PM
Jc-13 G-12 : : ’ :
o G-12  Plastics Joint JC-13.7 Joint JC-13.7/G-12 New Electronic
A Digital vs. Film PEM Qual and e . =
Xray TM& Req g ing Flow Sub- Committee Copper Wirebonds Device
MCHUIZEN JC-13.1 Technical 750 Test Method Review
Jc-12 ExCo .
: : NEPAG Meeting
c Mty (by JC-13.5 P1/ QML Discussion and Other General Issues
invitation) (25 Attendees)
Day Room  7-30 AM B-00 AM 900 AM 10:00 AWM 11-00 A 1200 P 100 PM 200PM F00PM 4:00 PM 500 PM 6PM  TPM
Jc-13
J-STD-002 < Jc43.2 ’ - -12 Joi - - - it Mitigati
A New Member | | o 0T0EE G-12 . Jc-13 JC-13/G-12 Joint  G-12 General G-12/.JC-13 G-12 & G-11 Counterfeit Mitigation
Onentalion | jgein 750 and Wear-out & B/l Standa rdization TJReq Meeting Session Trusted Sources Subcommittee
883
JC-13.1 MIL-PRF-19500P Appendi T
-13. -l = PP liX Feedback to DLA: 750
TBUE @ T JC-13.1 ML-PRF-19500R el el
Sheets
’ : JC-13.5Package JC 13.5 TG172 QML
c JC-13.5 Review Element Eval. Req. 38534 e Requirements
D JC-13.4 Subcommittee Meeting
Day Room T-30 AM (B0 AM 000 AM 10:00 AWM 11:00 A 1200 P 100 PM 2D0PM F00PM 4:00 PM 500PM 6P TPM
Je-13.2
A JEP-121 Joint JC-13.2/G-12 Meeting (8:30) Joint JC -13.5/G-12 Meeting Joint JC-13.1/G-12 Meeting EBOEHTD
(8:30) Subcommittee
) Standardization of SMD Carrier
B JC-13.1/13.7/G-12 New Technology in 19500 Packages
Wed 1/14 c JC-13.5 Subcommittee Meeting JC-13.5 Subcommittee Meeting
JCA3FGA27 ’ : : ) _ _
D © 11 BUE= G-11 Committee Meeting G-11 Committee Meeting
G-12 :
E Radiation RHA Subcommittee ASTMIRESHRS
Room TIOAM _R00 AM 000 AM 1000 AM 11:00 Al 1200 PM 100PM 200PM F00PM A:00 PM 500PM 6P 7PM
G-12
Jc-13 ExCo
Je-13 Tech Talk: NASA Je-13 . °
A Leak Ratelssues (883 and 750)  Hermeticity RGA 1IC-13 General Session Meeting (by
Thurs Stud invitation)
115 d
B G-11 Committee Meeting
[

in JEDEC/G11/G12 meetings.

NEPAG@JEDEC (circled above) is held to decide on member participation




Space Parts World

Develop/Maintain Standards for Space Electronic Parts
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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).




Specific Activities
JC13.5/G12 - Class Y

o ClassY

= Created for complex ceramic based non-hermetic microcircuits.

= Introduced PIDTP
s Package integrity demonstration test plan
s Also applies to Class V, reference: MIL-PRF-38535, Revision K

= QML Certification Status
% Class Y Certified Column Attach Service Providers
O Six Sigma, Milpitas, CA
O Astrium (Airbus), Paris, France (columns similar to Six Sigma)
O Micross Components, Crewe, U. K. (columns similar to IBM)

% Class Y Certified Manufacturers
0 Cobham Semiconductor Solutions—Colorado Springs, CO
O Honeywell Aerospace—Plymouth, MN

% Planned Class Y Certification
O Kyocera, Xilinx, e2v, Cypress




Infusion of New Technology into Military Standards
NASA Led the Class Y Effort for Xilinx V4/V5 FPGAs and other similar Devices
Shows the Extent of Effort/Coordination

Task Group Activities Task Group Inputs

[IZI Review M. Sampson |dea ]\ [ Government Manufacturers Primes Others

M Class Y Concept
Development
[ Aeroflex (October 2011)
(& EP Study (DLA-VA) ]\ M Xilinx (February 2012)
(M Coordination Meeting at DLA) ] Honeywell (May 2012)

Land & Maritime (April 2012))'\ CﬁglslsZY

M BAE (October 2012)

: N
(M DLA-VA to update 38535 Task Group o e2v (January 2013)

with Class Y requwements «|— \ Non-Hermetics in
and release the draft version Space

S (rev. K) for comments ) /
(M DLA-VQ to begin preparation)

\

Supplier PIDTP* Presentation
M Minnowbrook Conference
Oct. 2013, New York

for auditing Class Y suppliers M CMSE (2013, 2014), LA

(] 38535K Coordination Conference
Meeting
[|z| DLA-VA to date 38535K ! i .
-VA to date —
JC-13.2 Electronic JC-13.2 Flip-chip JC-13/G-12/ G-11
| ( DLA-VQ to begin audit of Parameters & Package BGA / BMEs

B.l. Standardization CGA**

suppliers to Class Y )
Requirements

|_requirements

Newly Formed Task Groups with Class Y Interest

( Manufacturer Certification to

o X

| QML-Y (DLA-VQ) v
- T . JC-13.2 JC-13TJ
SIS D procur e il Y.ﬂlght e Plastrcs 5004/5 Testing BGA/CGA requirements
parts from certified/qualified Subcommittee wiballs?
_suppliers :
. . Other Task Groups with Class Y Interest
PIDTP = Package Integrity Demonstration Test Plan

BGA / CGA = ball-grid array / column-grid array



Specific Activities
JC13.4/G12 — Radiation Test Standard JESD57

o JESD57 Test Standard

= Contains procedures for the measurement of single-event effects in semiconductor
devices from heavy-ion irradiation.

= Only U. S. test standard covering many of the heavy-ion induced single-event
effects.

= Last updated 20 years ago (in 1996)
+» Does not reflect advanced electronics and complex technologies

= A new revision will soon be submitted for a vote.
<+ NASA NEPP-led effort
++ Point of contact: Jean-Marie Lauenstein




Updating MIL-STD-883, an Example
Burn-in (BIl) of Monolithic Microcircuits

O The requirements in MIL-STD-883

Last update was 25 years ago

Now, outdated. Does not reflect the current
technology.

O A JEDEC task group was formed to look at

Bl, electrical test and delta requirements
s Different technologies and devices

O Status

Published Guideline document JEP163.

Task Group is still open to address new
concerns.

DLA’s Engineering Practice (EP) study on BI
IS in progress.

JEDEC
PUBLICATION

Selection of Burn-In/Life Test
Conditions and Critical Parameters
for QML Microcircuits

JEP163

SEPTEMBER 2015

JEDEC SOLID STATE TECHNOLOGY ASSOCIATION

JEDEC.




Updating Requirements, an Example
Bl of Monolithic Microcircuits

O A New Concern

= Bl of high-speed devices
% What about hot spots on the die?

O Frequencies

= 500 MHz for digital functions
» Afew giga-samples per second (Gsps) for data converters
» Several tens of gigahertz (GHz) for analog functions

O Status
» To be addressed in the Task Group

10



Dual Use Technology

MIL-STD-883J
W/CHANGE 1

TABLE |. Burn-in time-temperature regression. 1/ 2/ 3/ 4/

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

. Minimum Minimum time (hours) Test Minimum
o Rad hard by design 45nm CMOS PN | ClasslevelS | Classlevel B | Class level S hybrids conaften _reburn-in
microelectronics technology (BAE 1B (Class K) (seed) | time (nours)
Systems, built at IBM foundry) 100 352 700 Hybrids only 24
o0 Adding their unique processing steps 105 300 600 " 24
to the existing processes, e.g. 110 260 520 . 24
MRAMSs being offered by Aeroflex and o = ”m - ”
Honeywell (done in collaboration with
EveI‘Spin) 120 190 380 " 24
o Upscreening selected products from 1% 29 %0 °20 AE i
commercial portfolio (Analog Devices) 130 208 138 ' 2
135 180 120 " 18
- This has resulted in paradigm changes. An " %0 1o ” "
example follows: ) Lk g ' 14
o Not all parts are specified over the full 190 120 % - ) 2
military temperature range, —55°C to 175 - 48 - F 12
+125°C. Many of them call out —40°C 200 = 28 = " 12
to +110°C operating temperature e e . =
range. These differences are now -
clearly shown in the standard 290 2 2

1/ Test condition F shall be authorized prior to use and consists of temperatures 175°C and higher.

2/ For condition F the maximum junction temperature is unlimited and care shall be taken to ensure the
device(s) does not go into thermal runaway.

3/ The only allowed conditions are as stated above.

4/ Test temperatures below 125°C may be used for hybrid circuits only.

microcircuit drawings (SMDs).
However, there are no guidelines for
Bl of these devices. (Per notes 3/ and
4/ of the regression table, doing Bl at
temperatures lower than 125°C is not
allowed for monolithic microcircuits.)

o0 Itis unclear what assumptions went 11
into generating the numbers.

METHOD 1015.10
26 February 2010




MIL-STD-883, Test Method 1005

MIL-STD-883J
w/CHANGE 1
TABLE |. Steady-state time temperature regression. 1/ 2/ 3/ 4/
Minimum Minimum time (hours) Test
temperature condition
Ta(°C) (see 3.5)
Class level Class level Class level S
S B hybrids
(Class K)
100 7500 7500 Hybrid only
105 4500 4500 !
110 3000 3000 "
115 2000 2000 "
120 1500 1500 !
125 1000 1000 1000 A-E
130 900 704 - "
135 800 496 "
140 700 352 "
145 600 256 --- "
150 500 184 "
kg5 40 F
180 32 "
185 31 --- "
190 30 --= "
1/ Test condition F shall be authorized prior to use and consists of temperatures 175°C
and higher.
2/ For condition F the maximum junction temperature is unlimited and care shall be taken
to ensure the device(s) does not go into thermal runaway.
3/ The only allowed conditions are as stated above.
4/ Test temperatures below 125°C may be used for hybrid circuits only.

METHOD 1005.9
26 February 2010

e Life test below 125°C not allowed for monolithic microcircuits.

12



New Technology Flip-chip Devices
O Use of Underfills

» The use of underfill material enhances reliability of flip-chip packages.

» MIL-PRF-38535K requires flip-chip devices to meet the underfill requirements specified in
MIL-STD-883, Test Method 5011.

» Several manufacturers are developing flip-chip products (Classes V and Y). It was
reported that there were problems in meeting the requirements in 5011. A JEDEC Task
Group was formed to address this issue.

O Activities

» In order to bring the subject matter awareness, NASA published a special edition of EEE
Parts Bulletin on underfills.

» Defense Logistics Agency (DLA) conducted an Engineering Practice (EP) study

» Considerable discussion held in JEDEC meeting last week. Actions in progress are:

s DLAto update the requirements, basically simplify them
% Review the revised requirements with manufacturers of flip-chip devices

O Status (monitored by S. Agarwal)

» Atentative plan developed to continue audits until the requirements in 5011 and/or 38535
are updated.

= The discussion will continue in Columbus, OH
% 1 hour allotted at the next JEDEC (September 2016) 13




Special Edition of NASA Parts Bulletin on Flip-chip Underfills
® NASA EEE Parts Bulletin (June-July 2015)

Biational Asoraies s Soacs AdTinstraticn

> EEE Parts Bulle’un

et M. snd eckrmertarncsl

wrpenter b e
aranes; Graep (WEPACH

Juna—July, 2015 « Valume 7 » lsue ? [Published since 2009)

Special Issue
Flip-Chip Underfills

This Is 3 special edition of Ihe NASA EEE Paris Bufielin that brings awareness of the issues cumently being worked as part
of the new technalogies for space applications, In this case, flip-chip underfills, The following articles wene written by NASA

speclists. The hrsl introduces the subject matler, and the second

the resulls of

Tor the
NASA Electronic Parts and Packaging (MEPF) program. Alse included is a third alllcla noting Ihe parzlle] effort by the

Defense Logistics Agency (DLA) to eliclt input from the

requirements for Mip-chip underfills.

and user

oftest

Cross section of a flip-chip die (tap) with underfill fillat keyed to two diagrams (middle) showing the leca-
tion and general arrangement of underfill around the chip components, Right diagram shows relationship

o enlarged view of lillel {bollom) al 20 pm. (P and araphs were

by R. Ruiz.}

Flip-Chip Underfill for Space Applications

The ics industry Is function-
ality whereas the space electronics industry has a need
for increased relisbilly/moreased mission life in addition
to the increased functianaling

Cne te ing the ionality has been o
increase the inputioutput (VD) connections. Higher 1O
counts were achieved by transtioning from wire-bonded
die to filp-chip die with increased functionality. In fAip-chip
dies, the aclive anea is faced downward and faces the
substrate where it is mounted by solder inferconnects.
The use of flip-chip interconnects has a history of mone
than 40 years in commercial industry.

A rrajor concem with fip-chip technology is themma-me-
chanical fatigue reliability due to stregses on the Intercon-
nects (such as controlled collapse chip connection [C4]
and solder balls). Stresses arise due to coefficient of ther-

mal {CTE} between the semi
ductor dio (sllcon 3-4 ppmidegC) end substrato
=10 > tor and 18-20 > for

Undderfill have be
bile liquid and dry-film based I.Jlliemlh ane appled BEEEN-
tially by three methods.

1. Capdlary underfilll is applied after the flip-chip die is.
mounted onlo he substrale. the underlill & ds-
pensed on the die elde wall, and It flows under the
die due to capliary action,

2. Pre-applied liquid undarfill is dispensed on the sub-
strate firsl, and then the die s placed, Due lo the
pressure fram the die the underfill spreads and co-
wiers the anes under 1he dae

3. Dry film underfil is laminated under tamperature
and pressure onto Uhe silicon water or lhe subsirate.

Liquid underfills have been used for commerclal industry
for the past 20 years. Pre-applied liquid underfill and dry
Tilm underfill are being evalualed in the industry as options.
for three-dimensianal (30) chip stacking

In addition to these two maethods, thera are savaral other

polyimide or FR4 {glaze-reinfarced epaoxy). "hs the dis-

tance from the conter of die increases, the magnlude of

stresses | at the i Te

raliove thoso strosses on interconnoects, underfill matori-

als were developed. The vse of underliis has been shown

to Increase the reliability of the package by several arders
. n o .

Arhough this technalagy has not yel been used extan-
sively in space, it is expected that this reliabiity increase
will rewall i increased mission ifelimes. There is @ need

being in the industry, such as vac-
wurn-assisted underfill, for applications wherein the die s
large ar the gap betwoan dis and subseirate in minimal
Hewever, they are only in the research stage at this point.

The scope of this study is to evaluate the feasibility, relia-
hility. and concems in using underfills. Some of these un-
dorfil concoms can be categorzad Into material saues,
process ssues, and reliabilly issues,

Material issues; Material properties that need to be con-
sistent from lot to ket include, viscosity, Tg, CTE, modulus,
Tilfer resan and lilker loading kevels, and filler

o the effect rateriaks in I
the relability of electronic parts in space applications,

Underfil materials are adhesives that are introduced be
tween the fip-chip de and the substratle (Figure 1), Un-
derfil materiale are canfigured to mateh the CTE af inter-
connect and distribute the siresses on interconnect solder
Jwints. A balance of key material properties such as CTE,
glass transition temparature (Tg), slastic modulus, mais-
ture absorpbon. and shrinkage after cure, based on the
package design is required te achieve 3 highly rellable
package

Capillary Underfill Solder Joints

Figure 1. Diagram showing a schematic representa-
tion of underfill between the die and the

size variation. Changes in these material properties can
affect the flow properties and curing properties affecting
the precess and reliability of the product. Along with thesa
are other imgortant properies such as material aging at
extreme lemperatures.

Brocess issuas: Volding under the chip ie a key process
issue with capillary underfils. During the assembly pro-
cess, underfill is dispensed on the side walls of the die,
and capilary forces drive the underfill 1o the other side of
the die to fill the area under the dia. Due 1o the fiow of
underfil, if the: fow frant s not uniform, underill could flow
Taster n some areas, thus captunng vouds, lermed as cap-
ture voids. Controlling these voids is essential for refiabil-
ity because the presence of voiding could cause solder
sharting during the subsequant reflow and surface mount
process. Other process issues include dispensing issues,
machine issues (e.g., dispense-pump clegging or ma-
ching terperature drift), thawing and sterage e candral,
life in the processing machine (time and temperature),
and limited ambient storage. Incorrect cure time, temper-
ature, and meisture contrel can also resull in vaiding.

. Poor Iﬂmﬂ of underfill 1o the die
and eubstrate could cause ion or cracking. The

(Tha diagram was ganaratad by Danisl Lamadrid.)

maduius of underfill must be configured based an the di-
elechric being used in the die active area, which could be

delam-
the die
fght and
pret re-
fer cure,
i, sub-

bliability
fller-rich

cures.
[E in the
fors po-

En used

pdiation

is of

foeircuil
h meats
. All of
ve em-
pandesfill
rclease
Class-v
fnt. For
ackage
f of the
provide

anderfill
burmps.

bility by
fnd the
pred to
fips, the

pras not

http://trs-new.jpl.nasa.gov/dspace/handle/2014/41402

Thare were concems that the axpasure af the undarfil ta
he space environment would cause underfll degradabon
and ultimately lead to decreased package reliability. To
address these concerns, NASA, under the NEPP
program, has investigated the efecl of lew Earth orbit
{LECY) ervranment and humidity an underfill praperies
Prior le conducting the actual experiments, the petential
risks of varous Dﬂ.ﬂe LEO were
d. Since within a ft are
exposed o less harsh conditions than outside of the
spacecrafl, the long-erm vacuum exposure was rated as
the most realistic environmental concern for the underfil
mialesial ameng all the negative consbiuenls of the LED
environment, A raw underfill material used in an actual
class-¥ product was procured and exposed to long term
vacuum, haat, sxygan plasma, and humidity. Tha undarfill
did not show any signs of degradation after the long term
vaguum and Il=il exposure; instead, it showed signs of
, humidity resuliad in
decreased adheswe scnenﬁh and lowerad glase trangition
temperature of the underfil. The oxygen plasma
exposure, conducted to simulate the exposure to the
atomic oxygen environment, did not resull in generation
of any patential contaminants.

Since an underfill material exhibited property changes
afier the exposure to various environments, the impact of
the underfill property change on the package reliability
was of interest; HASA has collaborated with a part
manufacturer and procured the manufacturer's research
and development {RED) eamples to study this sewe, The
samples weres underfiled daisy-chained flip-chip dies
assambled on ceramic substrates. 'I'hesarrl)leswempn&
! and cycled. The p

conditions included vacuum thermal a_qing. ru.muw
exposure, mulbple reflow, and cument stressing.

After temperature cycling, all the samples failed by an
undl:rﬁl breakdown ml:dﬂlmm regardiess of the pre-

it i atthe kongest fillat
of the underfill and nromaloﬂ o the flip chip sokber
bumps, causing the solder burmnp fadure. This result was
in agresment with the conventional wisdom ameng flip-
chip engincers that flip-chip solder bumps gencrally do
not fail before the underfill is compromised. After the
current stressing, half of the flip-chip bumps suffered a
mmimum of 20% drop in the pint shear strength,
Heowever, the temperature cycling lfe of the current
stressed samples did not exhibit changes, which indicates
that underfill plays @ far greater role than the fip chip
sakdar joint strangth in temgerature cycling life of flin chip
packages. The vacuumn thermal aged and muliple
refowed samples exhibited S0% Increase in temperature
eycling e, while the humidity exposed samples showed
@ 0% decrease,

The strong corrclation botween the results of the two
different studies, the study with the raw underfill material
and the study wkh IMW RA&D r.nmplon ﬂggem that
underfils’ y by

14



G12 COTS (Commercial-Off-the-Shelf) Effort
Standard PEMs (Plastic Encapsulated Microcircuits)

Various PEM

 NASA Applications
+* Cubesats
+* Smallsats

S Review by
Space Community
and
S Manufacturers
A Few Standard
QML Flows for PEMs

15



Signal Integrity Capacitors

O New technology high-speed devices require signhal integrity capacitors

Commercial capacitors of base metal electrode (BME) construction were
designed into the products

% Tiny, low voltage

O Atask group comprised of the manufacturers and the users
developed a screening specification

O Status

The general specification MIL-PRF-32535 (formerly known as MIL-PRF-THIN)
and a set of 10 slash sheets were released few months back. MIL-PRF-38535
will be updated to include references to the MIL-PRF-32535.

The slash sheets for the interdigitated capacitors (IDCs), used in Xilinx Virtex 5
FPGAs and other new devices, are being worked.

16



ew Issue (Presented at last week’s JEDEC/G12 Meeting)

o Electro Static Discharge (ESD)
= MIL-STD-883, Test Method 3015
+» Too old
O Was written over 20 years ago
U Long test times (could be up to 5-6 hours per unit)
+ Needs to be revisited for new technology

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

* Resolve differences with latest JEDEC test methods
O For example, 3015 requires 3 zaps, JEDEC requires 1 zap

= MIL-PRF-38535
s Clarify requirements
O No specific ESD requirements for wafer foundries

= NASA EEE Parts Bulletin
*» Special edition on ESD being worked

= NASA ESD Surveys
+» To help the supply chain

& PrinAn nanaral awaronocce

17




A Changing Landscape (Shipping/Handling/ESD Challenge)

A New Trend — Supply Chain Management
Ensuring gap-free alignment for each qualified product
(All entities in the supply chain must be certified/approved)

Company A Die design

Company B Wafer Fabrication

Company C Wafer Bumping

Company D Package design

Company E Assembly

Company F Column attach and solderability
Company G Screening

Company H Radiation testing

18




o O 0O O O O o o

Other Major Activities

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

19



NEPAG

>
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JPL’s main facility, at the foot of
Southern California’s
San Gabriel Mountains.




NEPP/NEPAG Focus

g‘yg::eeTa:'izztsLaunch TRL 9
 NEPP = NASA Electronic Parts o ystemiSubsystem TRL 8 NEPAG
and Packaging Program Development — interest
* NEPAG = NASA Electronic Parts . range
Assurance Group Demonstration | TRLs
* Funded by NASA Office of |t NEPP
Safety and Mission Assurance el interest
(OSMA) range
** Through JPL 5X Assurance Research to Prove
Technology Program Office ree
(ATPO) Basic Technology
Research

NASA Technology Readiness
Levels (TRLS)

21




http://nepp.nasa.gov
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