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Solder Joint Reliability of Bottom-leaded Plastic Package

Abstract

The bottom-leaded plastic(BLP) packages have attracted substantial attention since its
appearance in the electronic industry. Since the solder materials have relatively low creep
resistance and are susceptible to low cycle fatigue, the life of the sclder joints under the
thermal loading is a critical issue for the reliability. The represent study established a finite
element model for the analysis of the solder joint reliability under thermal cyclic loading. An
elasto-plastic constitutive relation was adopted for solder materials in the modeling and
analysis. A 28-pin BLP assembly is modeled to investigate the effects of various epoxy
molding compound, leadframe materials on solder joint reliability. The fatigue life of solder
joint is estimated by the modified Coffin-Manson equation. The two coefficients in the
equation are also determined. A new design for lead is also evaluated by using finite element
analysis. Parametric studies have been conducted to investigate the dependence of solder joint

fatigue life on various package materials.
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2. The Finite Element Model
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Table 1. Elastic and Thermal Properties Used in the FE Model

Material Young’s modulus(GPa) | Poisson’s ratio CTE (ppm/°C)
Si-Chip 184.4 0.3 2.7
Tape 9.7 0.3 15
Leadframe 1448 0.31 6.4
Molding Compound 10.8 0.33 11
PCB(FR-4) 13.8 0.22 18
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Table 2. Material Properties of 63Sn/37Pb Solder.

Young’s modulus(GPa) | Poisson’s ratio | CTE (ppm/°C) | Q(eV) B n
32400-88T 0.4 21.1 0.49 0.205 5.25
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Fig. 2 Temperature profiles for thermal loading.

3. Stress Analysis
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Fig. 3 (a) Equivalent creep strain distribution; (b) von Mises stress distribution
in No. 7 solder joint of BLP, respectively.
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Fig. 4 (a) Time history of equivalent creep strain; and (b) creep strain energy density
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Fig. 5 Time history of von Mises stress.

4. Coffin—-Manson ¢ A+ Z2A
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Table 3. Cases employed for the characterization of Coffin-Manson coefficients.

Equivalent Creep Strain | Creep Energy Density Life Cycles
Cases @
Range (from FEM) Range (from FEM) (from Test)
Condition 1 0.0247 0.3110 MPa 600
Condition 2 0.0235 0.1765 MPa 1000

Fig. 6 Characterization of Coffin-Manson Coefficients base on (a) Ae ., and (b) AW
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Table 4. Effects of material proprieties on the solder joint reliability.

Run Basic Run 1 Run 2 Run 3
CTE of Molding Compound (ppm/°C) 8 (A) 13 (B) 8 (A) 13 (B)

CTE of Leadframe (ppm/°C) 6.4 6.4 16.7 22
Equivalent Creep Strain Range (Ae ) 0.030 0.017 0.011 0.005

o Fatigue Life Based on At ., 470 1600 4300 18000
Creep Engery Density Range (AW, MPa) 0.4 0.2 0.08 0.04
Fatigue Life Based on AW 530 1000 2000 3500
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