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Abstract
The high residual stress generated on the surface of a semiconductor chip during the assembly of

a resin-molded electronic package affects the electrical characteristics of the circuit, and it some-

times causes the malfunction of the circuit. Therefore, it is necessary to evaluate the residual stress

in semiconductor chips in order to ensure the reliability of the electronic package. The purpose of

this study is to propose a simple method of evaluating residual stress in resin-molded semiconduc-

tor chips. In this study, the residual stress in a resin-molded semiconductor chip was measured

using test chips with piezoresistive gauges. Then, linear thermoelastic finite element analysis based

on the stress-free temperature was performed. This stress-free temperature was determined from

the temperature dependence of the residual stress experimentally measured using the test chips.

The residual stress measured using the test chips corresponds well with the results of the finite

element analysis. Therefore, the present evaluation method using the combination of experimental

and numerical methods is considered to be reliable and reasonable.
Key Words: Piezoresistive Gauge, Finite Element Method (FEM), Resin-Molded Semiconductor
Chip, Residual Stress, Stress-Free Temperature
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Fig. 1 Mechanical and thermal characteristics of piezoresistance gauges."

(a) Stress sensitivity, (b) Temperature dependence of stress sensitivity, (c) Temperature dependence of resistivity
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Table 1. Calibration parameters of a piezoresistance

gauge

S: Stress sensibility —1.55x10"%/MPa

: Th 1d d efficient .
o Therma epe.n‘ fznce coefficien —150X10-7/°C
of stress sensibility

B: Thermal dependence coefficient

. . 1.55X107%/°C
of piezoresistance
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Fig. 2 Test chips for residual stress measurement.
(a) Configuration of gauges on a test chip, (b) Shape of a piezoresistance gauge
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Fig. 3 Coordinate system of test chip
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Fig. 4 Procedure of residual stress measurement
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Si chip Table 2. Material properties used in a finite element
(thickness:0.3mm) analysis
Chip I Chip Il Resin Young’s o Coefficient of thermal
Poisson’s .
Modulus Rati Expansion
(GPa) ano (X107°0)
0.495mm 4
i # ‘ 1.4mm Si chip (Table 3) (Table 3) 2.6
z Resin A 24 0.25 12.2
\ Resin B 156 0.24 30.1
Die pad(thickness:0.15mm) y Conductive 5.39 04 30
Adhesive paste
Conductive adhesive paste(thickness:0.01mm) Die pad 147 0.3 7
. 7mm .
A
Table 3. Components of stiffness matrix of silicon'®
Crystal axis coordinate system: 1,2,3
8> 1 1657 cll ¢l2 c¢12 0 0 0
¢ : (12 cl ¢z 0 0 0
cl2 63.9 cl2 c12 c11 0 0 0
0 0 0 c44 O 0
cdd 796 0 0 0 0 c4 0
Unit: GPa 0 0 0 0 0 cd
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Fig. 5 Analysis model of QFP.
(a) Boundary conditions, (b) Finite element model c
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7 - o 1= (=Y s - 0 1 |
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Fig. 6 Experimental results of coefficient of thermal ex-
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pansion of molding resin by TMA. (a) Resin A, (b)
Resin B
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Fig. 7 Experimental results of residual stress after die bonding and resin molding.
(a) Chip I-Resin A, (b) Chip I-Resin B, (c) Chip II-Resin A
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Fig. 9 Temperature dependence of residual stress.
(a) Chip I-Resin A, (b) Chip I-Resin B, (c) Chip
lI-Resin A
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