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Electronics Introduction

Circ Midwest

* Pb-free: reality for military applications due to
part constraints

« Harsh environments have high mechanical
reliability requirements

« Mechanical reliability concerns due to:

— Greater functionality = higher 1/O = smaller pitch size

— Pb-free COTS interconnects prone to brittle fracture

— Little known about the affect of rework

— Even less known about rework of Pb-free joints with SnPb

 Robustness of electronics in harsh
environments includes drop testing

—— EvgJuate hlgh strain and stram rate condif ' lQD.S
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Electronics Intent and Objectives

Corc Midwest

* Investigate specific need of the military
— Mechanical shock robustness of non-BGA, Pb-free
components reworked with SnPb solder

« Military prefers one rework solution in the

field
Simpler than controlling both SnPb and a Pb-
free rework processes
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Electronics Project Overview

Circ Midwest

Board-level drop shock test was performed on 9 assemblies
— 63 parts / board
— Parts representative of military package styles

« Assembled on Pb-free compatible laminate with SAC 305 solder
« Selection of the non-BGA parts reworked with SnPb solder
« Metallurgical characterization

« Assemblies fixtured to drop table and subjected to 500Gs for a
total of 20 drops

* In-situ shock response, net resistance and strain recorded
« Physical FA performed to characterize mechanical damage




Electronics Test Vehicle Details

Circ Midwest

» Test vehicle designed by:
— Joint Group on Pollution Prevention (JG-PP)
— National Aerospace Agency (NASA)
— Department of Defense (DoD)

« Designed to meet IPC-6012, Class 3 requirements
— 6 layer board with 0.5-ounce copper
— Pb-free FR4 laminate as per IPC-4101/26
— Minimum Tg of 170° C
— Immersion Ag finish

« 9 assemblies selected for this rework study




Electronics

Circ Midwest

Experimental -Test Vehicle

o Dimensions Pitch
Package | Ball or Finish TV-Drop
(Imun X 1man) (1)
FBGAZZS SAC405 27 x27 1.5 o2, o4 T4, Toe, 1118, TT21, 1143, 144 1755 1756
CEP100 SAC 105 10x10 0.8 19,1032, TJ33, 1035, 1136, 1137, 142 1150, TTa0, TTa3
— TOFP-144 Idatte 3n 20x20 0.5 01, TJ03, 707, 1TJ20, 17131, 1734, 1141, 148, 1157 1158
an 1016 %2095 08 712,025, 729, 17139, TJal
P TSOP-50 nBi 10.16%2095 | 0.8 Uls, U24, U26, U40, U2
MiPdAu Taxi26ls 2.54 g, 1J23, 1749
FDIF-20
an T5x2616 254 1711, TJ30, 738, 1J51, TI59
_’( CLCC-20 SAC305 9x9 0.8 o9, 10, T3, 114, 1117, 1722, TI45, TUde 1152 1153
_+ QFM Idatte En 5%5 065 T15, 1027, 28, 1747, 1154
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Electronics Rework Procedure

Corc Midwest
« Conductive, solder iron based rework

on.

1. TSOP
2. TQFP
3. CLCC (tack wrap procedure)

« Conductive processes as per IPC-7711.:

« Solder wicking & vacuum extraction
« Heat, lift part, pad cleaning

« Part placement & fluxing

« Drag solder replacement & cleaning

« Convective, hot air rework for
QFN devices

—
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E|ECtCr(h}if(}&g§ Microstructure Characterization

* Investigated metallurgy of 3 parts:

1. TQFP (Cu lead frame)
2. TSOP (alloy 42 lead frame)
3. QFN (Cu lead frame)

* Investigated under 3 conditions:

1. As-assembled SAC 305
2. 1x rework with SnPb solder
3. 2x rework with SnPb solder

« SEM/EDX was used to i,
characterize intermetallics "i'
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E'ec%ﬂﬂﬁ Microstructure Characterization

50pm
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Electcianlcs Microstructure after Rework
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E|ECtCr(h}if(}&g§ Microstructure Characterization

Intermetallic Thickness Before and After Rework
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TQFP144 TSOP50 QFN
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Electronics Experimental — Drop Test

Crc Midwest

S RS
cs Industries

{1



Electronics Experimental —Drop Test

Corc Midwest
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ElECt'C:(&mvgg Drop Test Results

« Vast majority of electrical failures on PBGAS
« Wide range in # of drops until failure
* In-situ electrical 38% (34/90) failed < 5 drops
» Suggests mechanical failure very few drops
* 99% (89/90) failed electrically after 20 drops
* PBGA physical FA will be part of future work

* All 90 CSPs electrically passed drop testing

* 477 non-BGA components were tested
» only 4 electrically failed after 20 drops
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Electr OI‘IICS Rework History of Electrical Fails

Pc Y\A” west

* Only 4 non-BGA electrical fails (< 1%)
— Board SN 84, CLCC-20, U14 was not reworked
— Board SN 85, TQFP 144, U57 was reworked once with SnPb
— Board SN 85, PDIP-20, U8 was reworked once with SnPb
— Board SN 86, QFN-20, U15 was reworked twice with SnPb




Electronics Mechanical Failures
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ed = Mechanical failure — All pad craters
All BGAs are Electrically Failed " — -

No leaded parts on this exact board electrically failed

Blue Dots on Some Parts = # of SnPb Hand Reworks 'm



E'ECtCL?AE\lN(ég Experimental — Physical FA

 Remaining 8 cards:
» 23 parts dye & pried
« 15 parts cross-sectioned
* Dye & pry and cross-sectioning was used to

determine the:
 Failure location
» Failure mode, and
* Failure mechanism

* Only non-BGA components were examined in
this exercise
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Elecg nICS Summary of FA Results

PC

Solder Fracture, Pad Crater,
Full Dye Penetration
QFN, lead 2)
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Partial Dye Penetration




Elecgqnlqs Summary of FA Results

Solder Fracture
(TQFP-144, 1x rework)




E|€CtCl‘('al1ICS Summary of FA Results

Partial Solder Fracture Partial Pad Crater
(QFN-20, 2x rework) - (QFN-20, 1x rework)
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Elec&%mg§ Conclusions

« Majority of non-BGA components survived drop testing

— In-field rework of Pb-free parts with SnPb solder did not affect
mechanical robustness

— components reworked with SnPb solder are no less reliable than
their Pb-free as-manufactured counterparts

« Both electrical and mechanical damage was at a
minimum for non-BGA parts
— Predominant failure mechanism was pwb-side pad cratering

 Electrical inspection not sufficient to assess mechanical
robustness
— ~1/3 of parts that passed electrical test had mechanical damage

. Drop testlng showed early in-situ BGA electrlcal failures




Elec%?ng\!vgg Future Work

* Follow-on NASA DoD Pb-free projects:

— Failure analysis of the BGAs
— Drop testing on reworked BGAs
— Results of ATC & vibration testing

— Future drop testing of non-BGAs will employ a larger
number of drops per board
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