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Projects

Work Underway
» HP

» MISTE

» MER

Planning for the following projeets
» Mars’09

» Mars Technology Focus Plan
» Mars NetLander

s LTMPI

» MRO
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Specific Environments

Venus Iarth  Mars Jupiter
Average temperature (VC) - 467 IS 03 -l4d4
Solar irradiance (W/m?) 2660 1380 595 51

Surlace pressure 92 bars 1014mb 6.1mb - -100bars

Other considerations 1,SO, 1.0 Oxidant. Acrosols
dust NI,

fee
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38 -

Technical Infrastructure

Several liquid nitrogen chambers with variable ramp rates
Thermal shock chamber

Room temperature down to Liquid Helium chamber for electronic
package qualification and connector qualification

Optical microscopy facilities to handle large and small size electronic

packages

Accessible
*  Surface Acoustic Microscopy
*  X-ray imaging
*  Failure Analysis (Office S14)
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f

Courtesy of Sigma

Thermal cyeling chamber (o assess the parts and packages

for therr reliability at various temperatures ranging from

-196°C (1.N2) to 200°C

qET

[V rpe hl b i
Decenther 12, 200 Ramesham 1




X-ray microscope
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Test Articles Subjected to Extreme Temperature Thermal Cyeling

Camera Electronics Assembly, Filter wheel assembly, diode assembly qual
Leadless chip package in spectrometry electronies qual
Lcadless chip package in Camera Electronics Assembly qual
Gyro and its assembly qual

Brush Motors with Encoders qual

Brush less motors

LPAL, REAL Electronics Assemblies qual

Thin Film Heaters qual for motors

Thin Film Heaters qual for solar array substrates qual

RAT Butterfly switches qual

Air-bag Retraction Actuator Acceptance test

Potentiometers Aceeptance test

Indium Seals qual

JEET Board with multiple C onnectors

Exaluation of epovies for HP

Connectors solder joints robustness

UHE monopole antenna qual

Aluminum foils for MER (KN Test)
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Packase Desion H) & Fraluation Phose

Build Verification

Develop Life Cycle Requirements J Step 1

Evaluate Deviations
fAssess Risk

Identify
Options

Packaging Technology
Identification

Step 3

Design and

Implement

Packaging
Qualification

Verification Test

Certification Review
HRCR

Step 10

Time line

»YHROCR
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CBGA DIP
Stacked BGAs. Flip-chip BGAs. pBGAs. CSPs. cle
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Passive Components

Inductors

Capacitors Resistors

['mbedded passives
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Camera Electronices
Assembly for

MER qualified

under extreme temperatures

older joint after
cles

G
NASA Mark Sclvwochert's camera rest Secember 12, 2002
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Optical photograph of a cracked interconnect in
Leadless assembly after 50 thermal cycles (-120°C to 115°C)
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NASA  Vark Sclvvochert's camera tese December 12
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C'CDs for Camera Assembly of MEER
(10 thermal cycles performed in Lxtreme temperature range)

Bzt

NASA trdv Collinse CCD's 1est Y i
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Camer:

Components

for MIER

Qualitied under

extrenme

temperatures
NASA Vark Schwochert's camera test ,

rer g r hd
December 12,2002 Ramesham 21




55 10 100C: 200 cycles
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NASA ool Radesmacher's test Y v
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l:xtreme temperature qualitication test of
Indium Scals under Cryogenic Temperatures
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Tme  07/09/2002 11:18:28
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Potentiometers
Tested for
MIR

Under

L xtreme

Temperatures

NASA Mark Bulzer'ss teve December 12,2002 Ramesham 23




Rock Abrasion Tool™s Butterlly Switch qualilied
under extreme temperatures for MER
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Mars’09 Technology Development Program

+85°C
45 minutes
of Dwell time Cycle 1 Cycle 2 Cycle 3
Ramp rate:
5°C/min 4sc
Room
Temperature
-120°C
10 minutes
of Dwell time
Temperature Profile 1: 270 cvcles only
Package Qualification and Verification (PQV) G o  Thermal Cycling

NASA December 12, 2002 Ramesham 28
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Brush motors and ¢ncoders qualification tested under
extreme temperatures lor MER
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Opening of the solder jomnt
due to poor design.

wper rype b i bl
December 12200 Ramesham 30




Package Qualification and Verification for NASA Projects

Thin (1lm heater attached to the brush motors tested
lor MEER under extreme temperatures
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NASA Lrie Sunada’s test December 12
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Tin whiskers study for MR to assess
therr influence on MIEER hardware

A ' 2 -y AFEd &4 ‘. ! «© ; ' » LYarEd L¥ o M h l M
Wayne Bosze and Saverrio D' Aoosting's test December 12, 2002 Rumesham




Package Qualification and Verification for NASA Projects

R

SPIRE/HP Project: Evaluation ol epoxices
under extreme temperature cyeling

NASA

Kalvani Subliathine and Steve Iseng's tost December 122002 Ramesham 33




Scanning Acoustic Microscopy

Kalyani Subhatline and Steve Tseng's test

('-SAM ot

Stlicon bonded

to metallic substrate
before and after 5
and 10 cryogenic

(-190C to room
temp cyceles). Dark
areas are

adhestve bonded

to the stlicon.
Onset ol bond
tatlure 1s shown

-

by lightened arcas.
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JEET board package components for SPIRIV/HP
Project tested under extreme temperatures

NASA Steve Tveng s rest December 12, 20002
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Qualification Testing of Inertial Mcasurement Unit for MER
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Brush-less mot atures
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Acccelerometer packages tested under
treme temperature thermal eveline
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Lovaluation of flip-chip technologies under various
[:xtreme temperature regimes
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A testarticle that has several types ol advanced packages

subjected to extreme temperature thermal ¢
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Optical Photograph ol
COTS Electronic
Nose sensor package
before and after

thermal cycling.

-
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Optical Photograph ol Electronic Packages
ol COTS I-Nose after 30 thermal eyeles -1200C o T150C
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Destroyed step down converier
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Summary

Shown experimental fong term thermal eveline data performed i our laboratory using the
varioas festarticles that consist ol advanced technologios [or various missions and projects.

Feadless packages have shown problems in extreme emperature thermal cvehing

Adheston/delamimation has been obsery ed under extrenie (emperature thermal eveling

Ilip-chips have been in test onder extreme temperatures

POV team has closely worked with MER Cogl's. Project Managers. cte 10 address sey eral
Isstes assoctated with the eleetronic packaging for extreme temperatures.

Techmcal infrastructure s in place 1o perform extrenie temperature thermal avelmge ol new
and advanced technologices for the Mars Technology Focus Plan/Thermal ¢ vehime Resistant
Flectronies (TCRE)Y Task
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