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Abstract: Recently, life prediction models for Pb-based and Pb-free solders used in chip resistor assemblies
under thermal cycling have been introduced. The models suggest that the field lifetimes of Pb-free solders
would be better than those of Pb-based solders when used for chip resistors under thermal cycling conditions,
while the lifetime of the chip assemblies under accelerated test conditions show a reverse relationship. In this
study, the prediction models were verified by applying the model to another research case. Finite element
models were built, thermal cycling conditions were applied, and the energy densities were calculated. Finally,
life prediction analysis was conducted for the cases where Pb-based and Pb-free solders were used. The
prediction results were then compared with the test data of the case. It was verified that the predictions of
the developed life cycle models are on the practical scale.
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Table 1 Life model constants for the Pb-based and
Pb-free solders

for Pb-based for Pb-free solder
Constants solder (SnPb) (SnAgCu)
K 2.443¢l 5.495¢9
Ky 3.938 10.30

> —— Chip Resistor
__—Solder

rinted Circuit Board (PCB)

(a)

Resistor

Termination

(b)

Fig. 1 Developed quarter-symmetric FE model for
NCMS chip resistor; (a) full view and (b)
local view for chip resistor area
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Table 2 The material properties used in the FE

model
Young’s . ) CTE*
Materials Modulus Poﬁs;t(i)g s 109°C
(Mpa) (1077°C)
Cu Pad"" 132,400 0.34 16.7
(iles(l)sg?ﬂ) 295,000 0.22 6.67
23
Te?:gﬁ%on 76,000 0.37 19.6
. 030y | 4
PCB® See Fig. 0.11(x2) (in-plane dir.)
6(b) 67.2 (thickness
0.17(yz) dir.)

* CTE : Coefficient of Thermal Expansion

Table 3 Anand model constants for the Pb-based
and Pb-free solders

Solder Pb-based Pb-free
Variablo (Sn36Pb2Ag) (Sn3.0Ag0.5Cu""™)
so (MPa) 12.41 2.15
O/R (1/K) 9400 9970
A(1/s) 4e6 17.994
£ 1.5 0.35
m 0.303 0.153
ho(MPa) 1379 1525.98
§ (MPa) 13.79 2.536
n 0.07 0.028
1.3 1.69
so : initial value of deformation resistance
O/R : activation energy/universal gas constant
A : pre-exponential factor
£ : multiplier of stress
m  : strain rate sensitivity of stress
hp : hardening / softening constant
§  : coefficient for deformation resistance saturation
value
n  : strain rate sensitivity of saturation value
b : strain rate sensitivity of hardening or softening
a
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Fig. 2 Temperatltlre—dependent elastic moduli of (a)
solders"*" and (b) PCB® used in the model
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Fig. 3 Thermal cycling profile applied to the FE
model
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Fig. 4 Representative strain energy density distri-
butions around the solder areas, obtained at
the maximum temperature; (a) Pb-based and
(b) Pb-free solders
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Table 4 Summarized results of strain energy density,
crack length, and lifetime prediction of
each solder

Solder AW e a Lifetime Prediction
(MPa) (mm) (cycles)
Pb-based 0.0429 0.9 8,943
Pb-free 0.0505 0.9 3,781

o,

(b)
of (a) Pb-based and (b)

Fig. 5 Failure modes
Pb-free solder after thermal cycling test at
NCMS report(l)
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Fig. 6 Averaged strain energy density of solder
during thermal cycling for (a) Pb-based and
(b) Pb-free solders
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Table 5 Comparison between NCMS tests and life
model predictions

Solder type Pb-based Pb-free

Lifetime | of NCMS test 8,911 4,679
(cycles) | by prediction 8,943 3,781
Prediction error -0.4% 19.2%

Table 6 Comparison of lifetime predictions in a
field and accelerated conditions

Solder type Pb-based Pb-free
a field
+ +
Lifetime condition 1.87e+5 7.75e+10
prediction at
1
(cycles) accele.r'flted 8.943 3781
condition
Acceleration Factor 2.1et01 2.0e+07
1.E+12

1.E+11
1.E+10
1.E+09

at Field Condtion (70/-40°C) |
1.E+08
1.E+07

/ at Accelerated |
X Condition |
1 E+06 (125/-55°C) |
1.E+05 |- SN \‘//

1.E+04 [l - Pb-based

1.E+02 \ L

1.E+03 |- |@ —Pb-free
0.008 0.08

AW,y (MPa, crack length, a=0.9 mm)

Lifetime (Cycles)

Fig. 7 Validation of the life prediction models with
the previous research result of NCMS for
the (a) Pb-based and (b) Pb-free solder
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