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In electronic packages such as BGA and LGA packages, it is very important for the reliability of packages to reduce
the residual stress on the surfaces of semiconductor chips. In recent years, product defects caused by changes in the
electrical operating characteristics of the semiconductor devices in the chip produced by residual stress generated in
the semiconductor chip within the semiconductor package have also become a problem. That has resulted in a need to
accurately estimate residual stress and electronic characteristic changes within the package from the design stage and
the widespread use of simulation by the finite element method (FEM) or other techniques for that purpose. In this
research, the authors proposed the evaluation method to predict the electronic characteristic changes of stress-induced
multilayer chips in resin-molded electronic packages. The developed technique considering the stress singular field
and the piezoelectric effect made it possible to predict electronic characteristic changes of multilayer chips in

resin-molded electronic packages accurately.
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(a) Cross section of a package. (b) Edge position of memory chip (c) Schematic of stacked chips.

on an analog circuit block.

Fig. 1 Schematic of a real chip.

Table 1 Number of failured samples for each position of a memory chip.

Case@ | Case® Case@ | Case@ | Case® | Case®
Number of failured samples 1 1 2 3 0 0
Number of measurement samples 134 45 46 45 48 129
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(a)Schematic of a test chip. (b) Position of a dummy chip on a pMOS transistor.
Dummy chip
30.0mm
®=3.0mm .o O=3.0mm
ZT Test Si chip
v CD:Z.Omm@,—@ O=2.0mm
i 140mm

(c) 4-Point bending test.

Fig.2 Schematic of a test sample and loading condition.
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Fig. 3 Drain current changing rate with loading force.
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| Stress is plotted along this line

(a) Global FEM model of a test sample.  (b) Zoomed FEM model of a test sample.
Fig. 4 3D FEM model for a test sample.
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Table2 Components of stiffness matrix for silicon.

Cyy 165.7 Ciy Cy Cy 0 0 O
Cy, 63.9 Cy C4y G, 0O 0O O
Cu4 79.6 Gy C2Cy 0 0 O

Unit: GPa 0 0 0 Cy 0 O

0 0 0 0 Gy O
0 0 0 O 0 Gy
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Fig. 5 Stress distributions around the edge of a dummy chip.
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Table 3 Piezo constants.

pMOS nMOS
IT |, -6.6 102.2
1T, 1.1 -53.4
IT, | -1381 13.6  |unit:10" ' m*/N
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Fig. 6 Current changing rate near the edge of dummy chip.
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Fig.7 Coordinates around a jointed corner.
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Fig. 8 Interface between an adhesive film layer and a test Si chip.
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Fig. 9 Stress singular field around a corner.
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Fig.10 Current changing rate calculated from the piezo resistance matrix with the distance from the edge of a dummy chip.
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Fig. 11  Configuration of piezoresistive gauges on a test chip.
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Fig. 12 Schematic of a test package.
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Table 4 Calibration parameters of a piezoresistive gauge.

S : Stress sensibility -1.30X107*/MPa

o - Thermal dependgn?yAcoefflclence 100X 107K
of stress sensibility

B1 : Thermal dependency coefficience 1.52%10°%/K

of piezoresistance

B : Thermal dependency coefficience

. i 1.44X1077/K?
of piezoresistance
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(a) 3D FEM model with molding resin. (b) 3D FEM model without molding resin.
Fig. 13 3D FEM model.
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Fig. 14 Temperature dependence of material properties.
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Fig. 15 Temperature dependence of residual stress.
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Fig. 16 Comparison between experimental measurements and numerical results.
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Fig. 17 Stress distributions around a chip edge.
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Fig. 18 Current changing rate with the distance from the edge of a dummy chip.
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Fig.19 Function block on an analog circuit.
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