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Fabrication Process and Characterization of High Thermal
Conductivity-Low CTE SiCp/Al Metal Matrix Composites for Electronic
Packaging Applications
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Abstract

The fabrication process and thermal properties of 50~76vol% SiCp/Al metal matrix composites
(MMCs) were investigated. The 50~76vol% SiCp/Al MMCs fabricated by pressure infiltration
casting process showed that thermal conductivities were 85~170W/mK and coefficient of thermal
expansion (CTE) were ranged 10~6ppm/K. Specially, the thermal conductivity and CTE of
71vol%SiCp/Al MMCs were ranged 115~156W/mK and 6~7ppm/K, respectively, which showed a
improved thermal properties than the conventional electronic packaging materials such as ceramics

and metals.
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-SiC Particulate (0.2~48mm)
-Inorganic Binder, SiO; (0~4wt%)
-ALLO; Ball, Distilled Water, 12hr

 -Cold Pressing (1.2MPa)

-Natural Drying 25°C, 36hr
-Forced Drying 100°C, 12hr

-1100°C, 4hr

-High Volume Fraction SiC Particulate
(50~76vol%)

-Infiltration Pressure (10~70MPa)
-Melt Temperature (700~900°C)

Fig. 1. Fabrication process of high volume fraction SiCp/Al metal matrix composites by pressure infiltration

casting process.

. Microstructures
rt . . .
Properties Preform 50 ~76vol% SiCp/Al Metal Matrix Composites
No. (a) (b) (©) (d) (e)

Relative 08
Density(%)

98 97 93

Thermal
Diffusiyity

y 7.7500
(10°m’/s)

7.4886 4.1010

Thermal
Conductivity 177.2
(W/mK)

170.1 149.3 8§52

CTE(ppm/K) 10.0

8.4 6.8 6.4

Fig. 2. SEM micrographs of 71vol% SiC particulate preform and 50~ 76vol%SiCp/Al metal matrix
composite. (a) 71vol% SiC particulate preform without SiO2, (b) 50vol% SiCp/Al metal matrix composite
using unimodal SiC particle, (¢) 59vol% SiCp/Al metal matrix composite using unimodal SiC particle, (d)
71vol% SiCp/Al metal matrix compositeusing bimodal SiC particles, () 76vol% SiCp/Al metal matrix

composite using trimodal SiC particles.
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Table 1. Thermal Properties of the elements included in SiCp/Al MMC

Pure SiO;
Pore
Al (a-type) amorphous crystalline
Thermal
o 237 1.375 1.05  0.026
Conductivity(W/mK)
CTE(ppm/K) 23.6 0.535 18.5 ~
Density(g/cm’) 2.705 2.2 2.21 -
Specific Heat(J/kg -+ K) 900 - - -
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_ ——ROM
% N Masxwell's Mode! % ----- Maxwell's Model
s ' e SICpIAlMMCs s 2501 —e— 71vol% SICp/Al MMCs
£ 200 £ 200}
: :
3 10 =
c I o
S _ 3
@ 50f & S50t
= =
O 1 1 1 1 O 1 1 L
00 02 04 06 08 10 0 1 2 3 4
Volume Fraction of SiCp Inorganic Binder Concentration(%)
(@) (@)
30 30
—— ROM —— ROM
s Turmier's Model L Tumer's Model
_ e SiCp/Al MMCs —e— 71v0l% SICp/Al MMCs
% 20t % 20+
é‘ 15| 5’; 15k
| Ty
~ =
O 10r SRR
1%!.___*,—*———! .......
5t 51
% oz "0z o6 o8 10 % 1 2 3 4
Volume Fraction of SiCp Inorganic Binder Concentration(%)
(b) (b)

Fig. 3. Thermal conductivity and CTE of SiCp/Al
metal matrix composites with varying volume
fractions of SiC particle. (a) Thermal conductivity,
(b) CTE.

Fig. 4. Thermal conductivity and CTE of
71vol%SiCp/Al  metal matrix composites  with
varying inorganic binder and orgainic binder. (a)
Thermal conductivity, (b) CTE.
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