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ABSTRACT Based on the creation of mechanical models for prediction of the reliability of through—
hole solder joints, the finite element numerical simulation was used to attain the feature of stress—strain
distribution in the solder joints under thermal loading. The results show that different soldering
processes result in different solder joint shapes, which leads to different stress—strain distributions.
To the reflow soldered joints, stress—strain concentration is found in the solder body and the plated
though hole (PTH) barrel; and to the wave soldered joints, stress concentration is detected at the
corner of PCB/PTH barrel interface. Cracks are prone to initiate and propagate in the areas mentioned
above. Furthermore, the stress—strain distribution in the solder joints has a dynamic feature related to

temperature history during the temperature cycling.
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Fig.1 Comparison of through hole solder joint shapes simulated and tested

(a) reflow soldered joint in the model

(c) wave soldered joint in the model

(b) reflow soldered joint in the test
(d) wave soldered joint in the test
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Fig.2 Simelated solder shapes of the interior of the through hole solder joint
(a) reflow soldered joint
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Table 1 Parameters used in FFM calculation

Material T E ¥ a 00.2
K MPa 10—6K~1 MPa

FR-4 22000 028 18(Z and §)
150(2)
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SngogPbao 218 47966 0.3516 241 43.2
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348 39445 0.3700 26.7 17.4
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398 34568 0.3839 27.9 9.35
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Fig.3 Specification of temperature cycling load (holding

time: 15 min, ramp time: 10 s)
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Fig.4 Equivalent stress (o, MPa) distribution in through hole solder joint at point A in Fig.3

(a) vertical section plane to the pin of reflow soldered joint

reflow soldered joint

section plane to the pin of wave soldered joint

(c) diagonal section plane to the pin of reflow soldered joint

(b) horizontal section plane to the pin of
(d) horizontal
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Fig.5 Local enlargement of the equivalent stress (oe, MPa) distribution at point A in Fig.3
(a) left—up solder in Fig.4a (b) left—up fillet in Fig.4d
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Fig.6 Equivalent creep strain (£<7) distribution in through hole solder joint at point A in Fig.3
(a) vertical section plane to the pin of reflow soldered joint (b) horizontal section plane to the pin of reflow

soldered joint  (c) diagonal section plane to the pin of reflow soldered joint  (d) horizontal section plane
to the pin of wave soldered joint
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Fig.7 Equivalent stress (oo, MPa) distribution in sclder joint at points A (a), B (b), C (c) and D {aj in Fig.3
during 4th temperature cycle
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Fig.8 Equivalent creep (e£') strain distribution in solder joint at points A (a), B (b), C (c) and D (d) in Fig.3
during 4th temperature cycle
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Fig.9 Equivalent stress (a) and inelastic strain (b) vs time

in reflow through hole solder join
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