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Abstract

The internal residual stresses within the multilayered structure with sharp interface induced by the
difference in thermal expansion coefficient between the materials of adjacent layers often provide the
source of failure such as delamination of interfaces and etc. Recent development of the multilayered
structure with functioﬁally graded interface would be the solution to prevent this kind of failure.
However a systematic thermo-mechanical analysis is needed for the customized structural design of
multilayered structure. In this study, theoretical model for the thermo-mechanical analysis is developed for
multilayered structures of the AI-SiC, functionally graded composite for electronic packaging. The
evolution of curvature and internal stresses in response to temperature variations is presented for the
different combinations of geometry. The resultant analytical solutions are used for the 'optimal design of
the multilayered structures with functionally graded interface as well as with sharp interface.
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Captions

Table 1. Properties of Al and SiC
Table 2. Curvature of Al-SiCp FGM plates
Figure 1. A geometry of FGM structure with
constituents of A and B

Figure 2. Curvature variation of Al-SiCp multilayer
plates as a function of temperéture change
@ pcL =0, ®) pgL =05 (©) pgz = 0.7
ocr is thickness ratio of compositionally
graded layer(FGM in Fig. 1).

Figure 3. Internal stress distribution of Al-SiCp
multilayer plates as a function of
temperature change
(@) 0,=0.7, p,=0.3, p; =0,

. (b) 01=0.33, 0,=0.17, p=0.5,

() 01702, p4=0.1, p;=0.7.

P, 02 and pgp are thickness ratios of

Al, SiC and FGM respectively(Fig. 1).
Figure 4. Internal stress distribution of Al-SiCp

multilayer plates as a function of

temperature change

(@ 0,=0.7, py=0.3, =0,

(b) 0,=0.33, p,=0.17, p=0.5,

() pl=0'2’ p2=0'17 pGL=O'7'
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Table 1. Properties of Al and SiC.
Aluminium SiC
Elastic Modulus 62GPa 319GPa
Poisson’s ratio 0.23 0.34
CTE . 23.0x107°K ! 4.7x107° K !
Density 2.70Mg/m® 2.55Mg/m?® -
Melting Points 660°C 2410°C
Hardness 40Hv 1920Hv
Table 2. Curvature of Al-SiC, FGM plates.
. Measured Calculated
Thickness (mn) Curvature(m™') Curvature(m™)
7.0 181.06 188.24
5.0 193.46 201.57
3.0 231.23 244.33
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Figure 1. A geometry of FGM structure with constituents of A and B.
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Figure 2. Curvature variation of Al-SiC, multilayer plates as a function of temperature
change (a) sharp interface, (b) pg = 0.5 (c) pg = 0.7.

P¢L is thickness ratio of compositionally graded layer(FGM in Fig. 1)
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z/h=1

0,=0.25, p,=0.25, pg =0.5

(@) ©
0,=0.15, p,=0.15, pg =0.7

~em 4T=400°C
—— 4T=300C
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— 4T=100°C

Figure 3. Internal stress distribution of Al-SiC, multilayer plates as a function of

temperature change (a) p;=0.5, 0;=0.5, 06.=0, (b) 0,=0.5, 0;=0.5, pc.=0.5,
(c) 01=0.5, p9=0.5, pc.=0.7.

p1, 02 and pg are thickness ratios of AlSiC and FGM respectively(Fig. 1).
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Figure 4. Internal stress distribution of Al-SiCp multilayer plates as a function of

temperature change (a) 0;=0.7, =03, pg=0, (b) =033, p3=0.17, pg=05

(c) 01=0.2, pz=0.l, 0cr=0.7.
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