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Abstract: Research about the geometry design of lead pin was carried based on the normal or shear stress of the interface
between a lead pin and a PCB in terms of delamination failure. The taguchi method with four design factors of three
levels and FEA(Finite element Analysis) are carried under 20° bending and 50 pum tension of lead pin. The contact width,
d2, between head round and copper pad in PCB is the highest affection factor among design factors by analysis of
contribution analysis. Equivalent von Mises stress of 18.7% reduction design is obtained by the parameter design of the
taguchi method. Maximum normal stress occurred at contact position between solder outer surface and a Cu pad in PCB.
Also, maximum shear stress happened at contact position between solder outer surface and SR layer of PCB. From these
calculated results, delamination of the PGA package may be occurred from outer interface of solder to inner interface
of solder.
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Fig. 2. Failure modes of the PGA package[Ref. SAMSUNG Electro-Mechanics.co.LTD].
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Table 1. Mechanical properties of PGA package substrate.
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Fig. 3. FEA model and analysis condition

Elastic modulus, GPa

Poisson’s ratio Thermal expansion coefficient, um/m°C

Solder resist 3
Copper 30
Dielectric 4

Core layer 25
Solder (82Pb/10Sn/8Sb) 304
Lead pin 18

0.3 49.5
0.343 16.5
0.3 60
0.278 30
0.39 26
0.34 17
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Table 2. Orthogonal array of Lo(3%).

d1/D h2 hl d2
1 0.7 50 100 0
2 0.7 75 125 100
3 0.7 100 150 200
4 0.8 50 125 200
5 0.8 75 150 0
6 0.8 100 100 100
7 0.9 50 150 100
8 0.9 75 100 200
9 0.9 100 125 0

Table 3. Orthogonal array of Lo(3%).
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Equivalent von Mises stress, MPa

d1/D h2 hl d2

Lead pin Solder
1 0.7 50 100 0 125.5 116.1
2 0.7 75 125 100 125.6 93.3
3 0.7 100 150 200 125.7 81.8
4 0.8 50 125 200 125.5 89.6
5 0.8 75 150 0 125.7 90.0
6 0.8 100 100 100 125.4 94.6
7 0.9 50 150 100 125.4 93.6
8 0.9 75 100 200 125.6 85.9
9 0.9 100 125 0 125.7 90.8
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Main Effects Plot (data means) for SN ratios
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Fig. 5. Main effects plot for SN ratios of the taguchi design factors.
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Fig. 6. Equivalent von Mises stress distribution on PGA package with geometry conditions(d1/D, hl, h2, d2 are 0.9, 150 um, 100 pm,

200 pum respectively).
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Fig. 7. Equivalent von Mises stress distribution on PGA package(geometry conditions are d1/D, h1, h2, d2 are 0.9, 175 um, 75 pm, 300 pm

respectively).
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(a) Normal stress

(b)Shear stress

Fig. 8. Normal and shear stress distribution on the solder and the
Cu pad in PCB.
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