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Reliability Estimation of Lead and Lead-free Solder Used in BGA Packages
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2. Accelerated Test
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Fig.1 Heat cycles in impact thermal stress
accelerated test(-40'C~125TC, 1
cycle/30min)
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3. Inverse Power Relationship
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4. Failure Probability Model
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Fig.2 Processing of computing the reliability
index
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5. Failure Assessment Criterion
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6. Weibull Function Model
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Cumulative failure distribution :

F(N)=1-05 —(i)" 9)
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where,

F(N): acceptable cumulative failure probability
for the component under consideration
after N cycle

N . expected product service life, cycles of
operation

o :  Weibull shape parameter, slope of Weibull
probability plot
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Fig. 5 Newly manufactured thermal
impactexperimental apparatus
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Table 1 Specification of thermal impact experimental
apparatus

Temp.

Range -50C ~200C

Moving Rack 250 % 250 % 250mm
Size High Temp Room 400 X 400 X 400mm
Low Temp Room 400 x 400 x 400mm

Temp. -High temp up time RT~200C/50min
Range -Low temp up time RT~-50C/70min
(up-down) -Temp Return period 5min
Temp. q
+
Sensitivity £2C

8.  Case Study
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Fig. 6 Relationship between the frequency
and the mean life using SnPb
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Fig. 7 Relationship between the frequency
and the mean life using SAC
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Fig. 9 Relationship between the delta of
temperature and the mean life using SAC
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Table 2 Random variables, their means and C.O.V.
used in the example

Figures 6~9 &

Variable | Mean (SnPb) | Mean (SAC) | C.O.V.
m 0.34 0.66 0.02
n 0.19 0.12 0.02
Q 15.5KJ/mol 28.8KJ/mol 0.025
F 2cycle/hour 2cycle/hour -
C -0.5~0.7 0.025
R 8.3115JK™ 0.001
AT 40°C ~125°C

W5 A F(C. 0.V, coefficient of variation)= TF2 1}

Fahgich.

C.O.V.=9—-—X— (10)
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9. Results and Discussions
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Fig. 10 Change in resistances of SnPb and
SAC solders with respect to time
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Fig. 11 A relationship between SnPb and SAC
by thermal fatigue life using FORM
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Fig. 12 A relationship between SnPb and SAC
by thermal fatigue life using Weibull
function

Figure 12 9|4} 9} o] thermal fatigue life 7} 24
= JEgdEL ZA2F%E ¢ & Ut} thermal
fatigue life 7} 500cycles o] H o= w&sdFo| 34
A "ol thr} 750cycles ol F = Ao LA
A FAEE A

Figure 13 & FORM 3} Weibull function & ©]-&
thermal fatigue life o] @2 SpPb 9} SAC o] T3
Fo W3 vusfr] BoFa Qo)

ol

J

J

0.12
—u— SnPb FORM
010+ —e— SAC FORM
SnPb Weibull
- SAC Weibull
E 0.08
=
[<3
2
o
& 0.06
<4
‘2
& 004
0.02
0.00 T e T = d
0 1500 2000 2500 3000

thermal fatigue life(1cycle/30minr)

Fig. 13 A relationship between SnPb and SAC
by thermal fatigue life using FORM and
Weibull function

1200cycles 7+2] Weibull function & ©] &% 3¢
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10. Conclusions
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