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Fabrication Process and Impact Characteristic Analysis of Metal Matrix Composite
for Electronic Packaging Application

S.W. Jung*, CK. Jung‘, H.W. Nam and K.S. Han™"

ABSTRACT

This study developed fabrication process of SiC/Al metal matrix composites as electronic packaging materials
by squeeze casting method. The SiC, preform were fabricated in newly designed preform mold using about 0.8
% of inorganic binder(SiO;) and 5 vol.% of ALO; fiber. To infiltrate the molten metal into the preform,
fabrication condition such as the temperature and the pressure were selected. Applying the fabrication conditions,
heat transfer analysis were preformed using finite element method and thus analyzed the temperature distribution
and cooling characteristic during the squeeze casting. For the fabricated composites, impact toughness and
thermal expansion coefficient were measured. The metal matrix composites developed in this study have 0.2~
0.3 ] impact toughness, 8~10 ppm/‘C thermal expansion coefficient and 2.9~3.0g/cm3 density which is
appropriate properties for electronic packaging application.

z =

HtFEzEE o8t A WAL DEAEE SiCY/Al FEEFASE Azt Sic, AuARANE Az
HAated AulAdgs FdE ey, ALOER EAAE SiICYA BAAY 1iowgE F@Uksin, F7) A8
(SIO)E 0.8% ©l3t2 AMEatd 49~70 vol.% o ¥R Ao gFsisict. ARE AR E duAIANE 5
%S 4838 AR A8 L&, ALY 5o AzzAE Fsen, ol d Mo mtd 2927E FEM @
AE Yo =gt FEBFAR ARA BE RN 2 2LEIE BT A2 SS5ELAR
Halids $454 2 EWPAF S4HNE ANST £ AT E B8 AzE 5249 22355 duxs
02~03J, EFFAFE 8~10ppn/ T, WEE 29~30gcm’E HER} F7]x A8 24 G Ex4L 711 Bzt
AEHo AEHASS FAsdTh

1.7 & 2% AR Skt ool W 238 @ n4eet
Ags)o] g T2 ed Lxpe] AR Frpz A
Ad FA7] B ARG G71HA 2LE VEA &) 24 FYold 2AsE Ao URs 248 RolAA

* EgEvtdge 7iAEE e
7}

i
* ERFIOER 7143 F, 22 A AHE-mail:kshan@postech.ac kr)



=t
o
53
=2
=
=]
<
=1
[
~
3,
>4
2
=
)
oo
o
b
I
pcs
%
2
i
‘0
2
kX
ol
o
2
ik
48
ofy
)
i
oX
53
~N
)
[¥9)
V%9

Hlon, oz de] WEEAT 2Ede AA EEMN B Adre 7FEEY S ol gt SiCyAl E3FAEE Al
el Fa Acto] sl Zololth RGPS dudPA Az f8 dn P
olof ukzl, HolA gt A& wWEAVIE Wyl LA dold Aol ugstAen ol Hgdd FEHEFAR
of thEh o] e o]FojA: glen ojg MaA & ARsAC JIEFRYe AxzAL Fidon, FEM
& SICAIETASTE FEsA dFEADL Aok o iy ANE B FE£BEAE AR B2 g HYss=
M71E AR 275 52 dAEE, FAF 29 FdE 54 BAstn A dojrt Az FHol
FFE ATk Az EFAR diMe

FAHE GBFAF, %o dx, gz g J)AF, 3 n)F
g A Fo 2o BT Table 12 71E @ A12HQ AFFAF 2HERS Frlsrdoh
184 A9} SiC/AIEFARTY EHE vusls Ao
2 71E A8 vl&, 45, R3S R AR EXo]
TFEE B FUH3) 2. A &

121 s SlC/AIE'-T{HHE'J}

|
7H AxFolt} Sic,4A 2.4 GBI A Al

nb 4 Grlz Bades wel Besn doms
se sbel ST Yt W A Ame dgse  F GTANE MURINe st Azsgd
Sic/ale] AzE 7120 ERAR AERBTHL AL Ao wHg e 4 F 7k “E‘*ﬂ"i‘ AdstA 5= "”‘H
2o ojelgol wac R, 7kl AdE duREAe] xR AR, o

dg] 2en BLERdgagze mEAcl Azuhgds 7} A4 R 7S 3‘]i§}3}?!1 F8o] H434o
2 (Squeeze casting)? F7HHAF B(pressure-less infil- AF7E AETkEE Aol
wationo] ek FIAGREM A AABLH e NIRBANA LAsE dee ngAe) 3P AF
A8 WL o8% HoR JAXNFEe TR Agol g N VIASE A R RoAR g wAsGEI))
2o AFEESL Gelsl WS gol ek @, s HHLBAE AR ARG AR v 2
FEYL APl Feistel Lol olgsim gout gy F WENTE WA Ak £ AugYA Ay v
VA AFYE 49 F At duggAE Bam an 20 ARO) ARAbindend] s olFold A3 94
wAA FaRgol FoldFF ARol ool wag, oA M UA wRAE AYHe dAxie) A=
o W e MZA BB go] 20% olalel e Wy Ted ABAE Lar ok od JYAe uhgr"’okg
Ao RANE ALeste AzEE ALs) wey w o fe EXFATT F L NIAA BoUs6) B
38 BESPARANN LTS ENRE S0%0 1*04 S w2 ARl A Aol AT A
VAP WAAE AES ANAFA Axs) fajde 4 O AN S4S A dejmame A dIAS
23740 B A7k Basch Mg s el st sa).

Table 1  AlVSiC materials properties compared with common
packaging materials

) Densit CTE Thermal ) Young's
Material (g/cm?)' pPm/25-150T) Conductivity | Modulus Pressure
(W/mK) (GPa) l.ly l
SiC/Al 3.0 6.59 170-200 290
(60v% SiC) ’ )
Kovar
(Ni-Fe) 8.1 52 11-17 131
CuW
- - %)
(10-20% Cu) 15.7-17.0 6.5-83 180-200 367
CuMo
(15-20% Mo) 10 7-8 160-170 313
Cu 8.96 178 398 131 Fig. 1 Schematic diagram of preform fabrication in vacuum
Al 2.7 236 238 68 equipment.
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Table 2 Mechanical properties of reinforcement and matrix

Ml | DErsity | ismete Length| UG | G| T |Posn
(GPa) | (GPa)

pasl{ﬁ,e 32 | asno {asms] - | 450 | a5 !ouo

Sg{fg‘f 33 3 150 | 20 300 76 | 023

Al 336 27 - - 0.79 71 23.0 0.33

R

_Preform

MMCs ©

Fig. 2 Schematic diagram of squeeze casting.
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Fig. 3 Dimension and positions of test specimens in MMCs.
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v : velocity, p: density, ¢. specific heat

T : temperature, t: time, H: enthalpy,
k . thermal conductivity, L: latent heat

f; : reinforcement volume fraction

Table 3 Reference condition for simulation

Conditions
molten metal 800°7C
Initial
mnia preform 500°C
temperature
mold & punch 500°C
Reinforcement volume fraction 49%
Punch velocity 20mm/s
Maximum pressure of press 30MPa
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casting.
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ig. 5 Temperature distribution during infiltration after 0.5 sec.
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Table 4 Average CTE of the SiCi/Al MMCs at different
temperature

Materials Average CTE (ppm/T)
25-150 100-200 100-300 100-400 100-500
matrix 2345 23.48 24.74 26.51 26.45
v49 10.32 11.39 12.19 13.36 1341
v36 9.21 10.16 11.18 12.06 12.34
v63 8.55 9.70 1047 11.46 11,70
v70 7.49 8.70 9.61 10.41 10.44
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Table 5

Fig. 12 Typical optical microphotography on polished composites sections.

Typical properties of SiC,/Al by squeeze casting,
SiCy:ALO=10:1

Reinforcement Rockwell

: Impact CTE
Materials | volume percent ??)::{ hardness | toughness 5
(%) & (HRB) | () |(pp/T)
v49 49 2.94 96.0 023 10.32
v56 56 297 98.1 0.21 9.21
v63 63 3.00 101.2 0.20 8.55
v70 70 299 101.5 0.17 7.49
25
——ROM
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= K F-=-=- Tumel
&L v Exp.
: 154
j=%
£
o104
[&]
54
0 T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0
Reinforcement volume fraction
Fig. 11 Theoretical CTE value predicted by Eq.(4)~(6)and
experimental data of SiCy/Al MMCs.
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