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Thermomechanical Analysis of Functionally Gradient Al-SiC,
Composite for Electronic Packaging
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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 etc. Recent development of the multilayered structure
with functionally 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 Al-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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Fig. 1 A geometry of FGM structure with constituents of
Aand B.
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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 23.0x10°K" | 4.7x10°K"
Density 2. 70Mg/ ni| 2.55Mg/
Melting Points 660C 2410¢C
Hardness 40Hv 1920Hv
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Table 2. Curvature of Al-SiC, FGM plates.

Fig. 2 Gurvature variation of Al-SiC, multilayer plates as a
function of temperature change (a) sharp interface,
(b)pGL=O.5 (C)pGL=O.7.
pa is thickness ratio of compositionally graded
layer(FGM in Fig. 1)

. Measured Calculated
Thickness(m) 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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Fig. 3 Internal stress distribution of ASiC, multilayer plates as
a function of temperature change (a)p:=0.5, p2=0.5,
pa=0, (b)p1=0.5, p2=0.25, ps.=0.25, (C)p:=0.15, p2 =
0.15, Por =0.7.
p1, p2 and pe are thickness ratios of Al, SiC and FGM
respectively{Fig. 1).

AR A RS W& Bxst 49X
AN RS URSE dde AR
2 3ES dodle 9ol Ha, ol WEeY
oA thFA dck E 2% AR A2 A=A
Al-SIC, 3472 BEARS F8w3e] 239 A
AAE Hud BrEAM 3EE] 2 A a2
& & 9ok Fe9E e 3-D glojA] t]R|elo]A(Laser
Design Inc., US.A)E AMgsledd A@dAoz =43
Ak

=
1
=
i}
i

o
rr 2

-

3.2 U238y &

ANz AlSIC, 3452 BEARe] Y¥gEe
S5 EAoA 9 niR7ix 2 FAREE HsAR)
AlF} SiC & Alole] ZAIE Z7]E-g0] 0,0.5,0.79
735 st £4g Pt AARA ALSIC &
%}ME‘“ 4225 C)olAM UF-gEe] glvke 7Hgslol

T g wE s Bxo HgEs ‘3“6}2%1:}
:1% 37 4= wiel AR ALSIC, 34TR &
GAlge T Wgow 2xis W LH%‘—S%’, R

k

g 2 (1) o3t Atgr Azlolrt. Hukag)
e e/t F/HEFE F A d9AAS Aol

Aot WF-gHol Fopdk

a3 32 AlE3 SiCZ9] F7 598 Aotk
AALRA 20 9 AlF SiCrF B4 A¥dE 2432
o AReINE AlEe] 4HgelA SiCZe] A
gog FAY 5o Wyl At wekA AW
£2) 59 sko] 47 % rh 22 ANl 4k
g Atole QT ¢ WY ExE g3EHn
A W ARl getshl Makith =3 Akl
FALETE WH-EE L ot upgby Ald SiCH
NI A}}jg/go Aeigto 2A AdEe o =
£¢ m5ddoz YA £ ok

g 4 SiC3o] AlZET ghe 4o Hisd
TS vehith Alz SiC7 43 F3E 2720
HE SAPALTL 5e Algel SN U el
Adog ol oJz3] A e
Rsho} Qe SRR ARl wsa Avde A
MRos WRgo] 4k J5hd e ¢ 4 ek

Al SiC% Alojel] ZAAMgol AtgEez
g2 AgisHA| T g G524 2 ‘?_73% =
Ati(ad 2 22). gty 393 9gn Prgee)
AR 2¥E zestq ZAAxy ALSIC, 347x &
Az F2AAI} o] FolA o} gt



47=3007T
AT=200C
AT=100C

(b)

0,=0.2, p,=0.1, py, =0.7 z/h=1

a41=200T

41=100%T |

Fig. 4 Internal stress distribution of AI-SiC, multilayer plates as
a function of temperature change (a)p:=0.7, p.=0.3,
pa=0, (b)p1=0.33, p=0.17, pe:=0.5, (¢)p:=0.2, p.=
0.1, par=0.7.
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Positi Calculated stresses from | Observed stresses from
osthon calculated curvature(MPa) | measured curvature{MPa)
1 (5.00mm) -45.29 -54.17
T —L s T — 2 (3.75mm) -44.08 -50.36
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........ Interface % 22/4 4 (1.25mm) 68.44 80.34
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Fig. 5 Internal stress distribution of Al-SiC, FGM :
(a) theoretically calculated, linear variation of
composition,
(b) Experimentally observed, stepwise variation of
composition.
Temperature rise is 4007 and the total thickness of the
plate is Smm.
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