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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㸬 

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

 Caseձ Caseղ Caseճ Caseմ Caseյ Caseն

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.  

� � � � � � � �  
(c) 4-Point bending test. 

Fig. 2� Schematic of a test sample and loading condition㸬 
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Fig. 3� Drain current changing rate with loading force㸬 
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(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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Table 2� Components of stiffness matrix for silicon. 
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Fig. 5�Stress distributions around the edge of a dummy chip. 
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Table 3�Piezo constants㸬 
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Fig. 6� Current changing rate near the edge of dummy chip. 
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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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(a) Schematic of stacked chips. �   (b) Cross section of a package.  � � �  (c) Edge position of a memory 
chips on a piezo chip. 

Fig. 12� Schematic of a test package㸬 
�

�࣭�࣭�� ᛂຊ್ࡢ ᐃ᪉ἲ࡚࠸ࡘ�

ࢸࡢ㸬ᅇࡓ࠸⏝ࢆࣉࢵࢳࢰ࢚ࣆᡭἲ࣭ࡌྠ㸪ᘬ⏝ᩥ⊩(8)(12) - (16)ࡣᐃ ࡢᛂຊ್ࡓ࠸⏝ࢆࣉࢵࢳᢠࢰ࢚ࣆ

ᛂຊឤᗘ࡚ࡗࡼ㸪 ᗘኚࡣฟ⟭ࡢᛂຊࡢࣉࢵࢳࢺࢫ S ⏝ࢆḟᘧࡓ࠼ຍࢆṇ㡯⿵ࡿࡍኚࡀᢠࢰ࢚ࣆ

 㸬ࡓࡋฟ⟭࡚࠸
�

� � )))((1())()(( )()0(0
2

0201
)0(0

)0(0)(
TT

T

TT STTTTTT
R

RR VDEE u������ 
� � � � � � �5��

ࡣᢠ್㸪Vࡢᐇᕤ⛬๓ࡣᢠ್㸪R㸮(T0)ࡢᐇᕤ⛬ᚋࡣ㸪R(T)࡛ࡇࡇ 1 ㍈ࡢᛂຊ࡛㸪 0T Tࡧࡼ࠾ ࡒࢀࡑ㸪ࡣ

ࢀ R0ࡧࡼ࠾ R  㸬ࡿ࠶ᗘ࡛ ࡢᐃ ࡢ
ᅇ⏝ࢰ࢚ࣆࡢࣉࢵࢳࢺࢫࢸࡓࡋᢠຠᯝ㛵ࡣࢱ࣮ࢹࡿࡍ㸪ࡢࣉࢵࢳࢺࢫࢸ〇㐀ᴗ⪅ࡾࡼ ᐃࡓࢀࡉ

㸬ᛂຊឤᗘࡓ࠸⏝ࢆࡢࡶ S㸪ࡢࡑ ᗘ౫Ꮡᛶࢱ࣮࣓ࣛࣃࡍ⾲ࢆD㸪ࢰ࢚ࣆᢠࡢ ᗘ౫Ꮡᛶࢱ࣮࣓ࣛࣃࡍ⾲ࢆE1㸪

E 2ࢆ⾲ 4  㸬ࡍ♧

6mm

X1

Y1

Y

XZ

6m
m

Thickness
0.15mmX1

0.06mm

0.06mm
0.39mm

0.
39

m
m

Thickness:0.0375mm

Pi
ez

o 
R

es
is

ta
nc

e

Y

1

0.005mm

13mm
13m

m

Resin
Si chip

6mm
6m

m

X1

Y1

Y

XZ Y X

Z Substrate(thickness:0.56mm)

Resin(thickness:0.8mm)

Si chip(thickness:0.15mm)
Adhesive(thickness:0.025mm)

bonding wire

Si chip(thickness:0.2mm)
AdhesiveFilm(thickness:0.025mm)

4.3mm

4.
3m

m

6.00m
m

6.00mm

1.3mm

Piezoresistive gauge(X1,Y1)
Piezo Test Chip

Flash Chip

X1

Y1

0.21mm

1.6mm

䐟䐠 䐡䐢

㻯㼍㼟㼑䐟 㻯㼍㼟㼑䐠 㻯㼍㼟㼑䐡 㻯㼍㼟㼑䐢
㻜㻚㻜㻢 㻜㻚㻞㻝 㻝㻚㻟 㻝㻚㻢 Unit: mm

X

Y

Piezoresistive gauge
(X1,X2,Y1,Y2)

83

― 83 ―



᮸⢽ኽᱛߚࠇߐⓍጀඨዉߩࡊ࠶࠴ᱷ⇐ᔕജߦ࿃ࠆߔ㔚᳇․ᕈᄌേ⹏ଔᚻᴺ

©2013 The Japan Society of Mechanical Engineers

 

 
Table 4� Calibration parameters of a piezoresistive gauge. 
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Fig. 13� 3D FEM model. 
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�

� � � � � � � �       (a) Young’s modulus.                         (b) Coefficient of thermal expansion. 

Fig. 14� Temperature dependence of material properties. 

�

�

Fig. 15� Temperature dependence of residual stress㸬 
 

� �

Fig. 16� Comparison between experimental measurements and numerical results㸬 
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(a) Mechanical stress around a chip edge.            (b)�Stress singular field around a chip edge.  
 

Fig. 17�Stress distributions around a chip edge㸬 
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Fig. 18� Current changing rate with the distance from the edge of a dummy chip㸬�
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                  (a) Function block on an analog circuit block.     (b) PLL circuit block. 
Fig.19� Function block on an analog circuit. 
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