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ABSTRACT

Metal matrix composites (MMCs) have great potdstas packaging materials
among other composite groups because the propegrede engineered to the design
needs. Copper matrix reinforced with silicon caebphrticles has greater potential due
to the fact that it has higher thermal conductivigmpared to the widely used
aluminum. However, the bonding between the copprirand the SiC reinforcement
must be improved since there is interface issueghwhffect the thermophysical
properties of the CuSiC composites. Therefore Siizis coated with a thin copper film
via electroless coating technique which is leagteesive, simple and can provide
homogenous copper deposits. The SiC is first nedx tcleaned, etched, sensitized and
activated to prepare the SiC particles surfacedpper to be deposited onto it. Then, an
electroless copper coating bath is prepared andSike is coated under suitable
temperature and pH to obtain a good coating on [@@icles. Then, the CuSiC
composites are fabricated via powder metallurgyhodslogy by ball milling to mix
the copper matrix and SiC reinforcement. Then tleure is pressed under uniaxial
compaction loading and sintered at 82%or 2 hours. Then the samples are ready for

characterization and testing.

The SEM images showed the difference betweenaiweSiC and cleaned SiC
after ultrasonically cleaned in solvent. After seénsig and activation process, the SEM
image showed that it has the catalytic elementsguhe activation process. Then, the
SEM image after coating process showed the copppogits on the SiC particles
surface. The particle size distribution has incedafsom 45.63Am before cleaning to
45.993im after cleaning. Then the size increased to 4@urb@fter sensitizing and

activation process. Then, the size increased tb0@8m after coating process.



The CuSiC composite is lighter compared to thes puetal. Density for copper
is 8.93g/cm. The density of CuSiC composites with Cu-coate Siarticles
reinforcement is range from 7.48g/tno 3.44g/cr with the volume fraction of the
reinforcement varies from 0.1, 0.2, 0.3, 0.4, 0.6,and 0.7. The percentage of porosity
is increased with the increment of reinforcemerune fraction due to entrapped H

during coating process of the SiC particles reicganent.

ABSTRAK

Komposit matrik logam (MMCs) mempunyai potensi dresebagai bahan

pembungkusan berbanding kumpulan-kumpulan kompgaitg lain kerana sifat-



sifatnya yang boleh disesuaikan mengikut keperhekabentuk. Matriks kuprum yang
dicampur dengan tetulang zarah silicon karbida mamwyg@ potensi yang lebih besar
kerana ia mempunyai koduksi haba yang lebih tinggibanding aluminium yang
digunakan secara meluas. Walaubagaimanapun, ikktantara matriks kuprum dan
tetulang SiC perlu dipertingkatkan memandangkatiagait masalah antara muka yang
memberi kesan kepada sifat-sifat termofizikal kosip@uSiC. Oleh itu, SiC disalut
dengan lapisan nipis kuprum melalui teknik salutampa elektrik yang murah, mudah
dan dapat memberikan salutan kuprum yang homogéh.dBalut dengan kuprum
dibawah suhu dan pH yang sesuai dalam satu lasafrtan kuprum. Kemudian
komposit CuSiC difabrikasikan dengan kaedah megakerbuk dengan menggunakan
cara pengisaran bebola untuk mencampurkan matriggukn dan tetulang SiC.
Campuran tersebut ditekan dibawah beban pemadatardidinter pada suhu 925

selama 2 jam.

Imej SEM menunjukkan perbezaan diantara SiC aeabah SiC yang telah
dibersinkan menggunakan acetone secara ultras@elepas proses pemekaan dan
pengaktifan, imej SEM menunjukkan ia mempunyai wusisur pemangkin semasa
proses pengaktifan. Kemudian, imej SEM selepasegrsalutan kuprum menunjukkan
ada deposit kuprum pada permukaan SiC. Taburarzaeh meningkat dari 45.63%
sebelum dibersihkan kepada 45.Q88 selepas dibersihkan. Kemudian saiz zarah
meningkat kepada 46.7pM selepas proses pemekaan dan pengaktifan. Kemsaizan

zarah meningkat kepada 48.109 selepas proses salutan kuprum.

Komposit CuSiC adalah lebih ringan berbanding meg&umprum tulen.
Ketumpatan bagi kuprum ialah 8.93gfcrKetumpatan bagi komposit CuSiC dengan

tetulang zarah SiC bersalut kuprum adalah diaritat8g/cni dan 3.44g/crhdengan



pecahan isipadu tetulang meningkat dari 0.1, 02, @4, 0.5, 0.6 dan 0.7. Peratusan
keliangan meningkat dengan kenaikan pecahan isifgddiang kerana terdapat ang

terperangkap semasa proses salutan zarah tetufang S
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CHAPTER 1

INTRODUCTION

1.1  Background

There has been a great market demand for electdenices and systems for the
past few decades. Companiesandmarkets.com haste@pam September 2011, the
thermal management market is expected to grow f8@n7 billion in 2011 to $9.1
billion by 2016. More than 80% of the total thernmanagement market is dominated
by the thermal management hardware such as hdéat $ams and blowers. Therefore,
the progress of the technology in thermal managérhardware is also expected to
increase due to the demands in increased funcitiprethd miniaturization of each
single device unit. It is at the same time, hawweaased the need for new advanced

thermal management materials.

The microelectronic packaging is moving towardhhagensity, high speed and
miniaturization, as predicted by Moore’s Law. Thembers of interconnections and
wire length have been reduced exponentially. Atdhme time, the amount of power
dissipation in a single device has been increaseatly as shown in Figure 1.1. These
have caused critical design issues related todfeinements of thermal management,
reliability, weight and cost of the electronics kaging (Zweben 2005). The
conventional packaging materials cannot fulfill theaterial requirements of these
complex designs. A high increase in the power comdion and heat dissipation also
leads to the high failure rate in electronic paakgg The studies of the electronic
industry have shown that, 55% of failures in elecits packaging come from

temperature dependent fault (Neubauer 2005). Tfekees can be caused by the
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temperature of the chips and the thermal expansimmatch between the board and
chip (Kowbel 2000). In order to solve these issuemjes of advanced packaging
materials have been developed. The thermo phypicglerties of these materials are

shown in Figure 1.2.
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Figure 1.3: An increase in power consumption iellatmicroprocessors (Krieg 2004).
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Figure 1.4: The thermo physical properties of adeanpackaging materials (Zweben

2006).

15



Composites are the most common types of packagatgrials. These advanced
packaging composites can be classified into thresnngroups; polymer matrix
composites (PMCs), carbon/carbon composites (C@@d) metal matrix composites
(MMCs) (Zweben 2005). The key reinforcements ofstheomposites are continuous
and discontinuous thermally conductive carbon &bend thermally conductive
ceramics particles such as silicon carbide and llhery oxide. Composites those
reinforced with fibers are strongly anisotropic. & else, composites those reinforced

with particles are usually isotropic.

Metal matrix composites (MMCs) have great poteatas packaging materials
among the composite groups because the propelfti®8VCs can be engineered to
meet the above design needs. The coefficient tHeewmansion (CTE) of the MMCs
can be altered to match the CTE of semiconduct@samics substrates and optical
fibers by controlling the percentages of each camepo in the composites. Thus the
thermal stresses and warpage issues can be midiraizthe same time. At the time
being, the most interested MMC is aluminum mateinforced with silicon carbide
particle or AI-SiC. It is not only very cost effast thermal management material for
electronics packaging (Occhionero 2005) but alsdopms better than copper metal
(Romero 1995). The CTE of AI-SiC can be alteretivieen 6.2 to 23 ppm/K however,
its thermal conductivity is limited to 220 W/m.kofper, in fact has almost double the
thermal conductivity of aluminum. Therefore, forahesinks which require materials
with higher thermal conductivity, copper matrixnfgrced with silicon carbide particle,

Cu-SiG has a greater potential than Al-SiC.

Copper matrix reinforced with silicon carbide pees (Cu-SiG) composites

and copper matrix reinforced with carbon fiber (Gl)i-composite are the most

16



interesting copper based MMCs in packaging materi@dustry. The Cu-SiC
composites seem to have more potential as packagatgrials as compared to Cy-C
due to the anisotropic behavior of the carbon fid¢owever, Cu-Sig system also
suffers the same interface problems as in the CsyStem due to the absence of
bonding between the two constituents. In orderdwetbp the Cu-Siginterface, the
bonding between the matrix and the reinforcemeatph must be improved. One of the
methods to improve the bonding is by coating thefoecement with a metal film.
Coated reinforcement can produce more than 20%aserin the thermal diffusivity of
the composites as compared to the non-coated dwesbéuer 2005). Significant
improvements in thermal conductivity and CTE of 8i@;, composites as compared to
the non-coated Cu-SiGcomposites were also observed by Shu (2003) ahdb®ct

(2008).

There are many methods available to coat the wrfi#cthe nonmetallic
reinforcements, such as sputter coating (Kock 2@hybert 2008), chemical vapor
deposition (CVD) (Brendel 2005), physical vapor agpon (PVD) (Navinsek 1999),
sol-gel coating (Torres 2007; Rams 2006) and elksds plating (Sard 1970, Chan
1999 and Chang 1996, Li 2005, Han 2006 & Sharm®R0mong all these methods,
electroless plating is the least expensive, singplé able to provide copper deposits
with excellent physical and metallurgical (Deck2f02). Moreover, a homogeneous
copper film on the SiC particles can be obtainetigiglectroless coating process to
promote bonding between copper andgi&hu 2003). The improved bonding between
copper coated SiCand copper matrix allowed applied load to be fiemed more
efficiently and contributed to larger strain-tolme figures (Davidson 2000).

Furthermore, these composites have relatively highensity, lower porosity and

17



mechanically more superior than those fabricatethfuncoated powders (Moustafa

2002).

1.2 Problem statement

Copper matrix reinforced with silicon carbide pelgs (Cu-SiG) composites
fabricated using powder metallurgy methods haveriaf thermophysical properties
due to the absence of reaction between the coppéixnand the SiC reinforcement.
The bonding between the copper matrix and the Si@farcement must be improved in
order to improve the thermophysical propertieshef Cu-SiG composites. One of the
methods to improve the bonding is by coating thé Barticles with a homogeneous
copper film using electroless coating process. Noog studies showed that a
continuous copper film can be developed on theasarbf SiG, but only a few were
directly studying the effects of the electrolespmer coating on the density of the
CuSiG, composites. Therefore, it was substantial to taitei the Cu-Sigcomposites by
using electroless copper coating method. The ptiggeof coated SiC in Cu-SiC
composites can be evaluated by comparing the desisiccs to those made from

uncoated SiC patrticles.

1.3  Research objectives

The thermophysical properties of Cu-gi€omposites can be optimized by

improving the bonding between the copper matrix &itg reinforcement. This can be

done using an electroless coating process. Witketltensiderations in mind and the

statements made in the preceding introduction coimug the potentials of the Cu-§iC
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composites as thermal management materials, thgemrevork is aimed for the
following objectives:
I To prepare the copper coated SiC using electraleasing process to
achieve homogenous copper deposit on the SiC |eartic
il. To fabricate the composites with different voluneatent of SiC particle
reinforcement using powder metallurgy method.
iii. To characterize the Cu-coated Si€inforcement by using XRD, SEM
and particle analyzer. The density of the CupSi@mposites made from
copper coated SiC particles will be compared tos¢honade from

uncoated SiC powders.

1.4  Scope of works

The scope of this research is quite narrow. Itsista of the electroless copper
coating process of SiC particles and the fabricapoocess of Cu-SiCcomposites
using a conventional powder metallurgical methoggploThe electroless coating
process that is performed in this research studyoisnew but rather a reproduced
process which was published in numerous books aodngls. However, a few
modifications were made in the coating processmarove the quality of the electroless
copper deposit. XRD and SEM analysis were perfdrtoedetermine the homogeneity
and purity of the copper film on the SiC particldhen, the powder metallurgical
methodology will be used to fabricate the CuyStomposites at different volume
contents of SiC particles. The fabrication techaginvolve the conventional uniaxial
powder pressing and sintering processes. The empetal data are analyzed to
determine the effects of volume content of non-eda®iC particles and coated SiC

particles on the density of the Cu-gikbmposites.
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CHAPTER 2

LITERATURE REVIEW

2.1  Advanced packaging materials

Electronic packaging refers to the packaging of timegrated chips,
interconnections, encapsulations, cooling devigeswer supply and the housing
(Chung 2000). Large attentions have been givereoiritegrated chips, resulted in a
rapid increase in the packing density of devicegshenchip. Thus, the amount of heat
generated by each chip has increased greatly. éApdtver of electronics increases, the
heat dissipation problem becomes even more diffitel handle. The traditional
packaging materials such as Invar, Kovar, coppegdgten and copper molybdenum
have limited thermal conductivities and need tady@aced. Therefore, new advanced

packaging materials have been developed.

High thermal conductivity and low thermal expansiequirements have been
the driving force for the development of new adwah@ackaging materials. These
advanced materials can be categorized into thréfereht groups; composites,
monolithic carbonaceous materials, advanced metalloys (Zweben 2005). Most of
these advanced packaging materials are compo8it@sposite is a combination of two
or more distinct materials, having a recognizabkerface between them (Miracle &
Donaldson 2001). Based on Zweben (2005), the nmggbitant packaging composites
consist of carbon/carbon composites (CCCs), cemmiatrix composites (CMCs),
polymer matrix composites (PMCs) and metal matorposites (MMCs). The most
typical reinforcements are continuous and discowtirs fibers and ceramic particles

such as diamond, silicon carbide, beryllium oxide graphite flakes. Carbon fiber
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reinforced composites are strongly anisotropic avthle particles reinforced composites
tend to have isotropic properties. The propertieh@se advanced composites are listed

in Table 2.1.

Table 2.2: Properties of advanced materials wigi lihermal conductivity and low
coefficient of thermal expansion (Zweben 1999 & Ber 2005).

Matrix Reinfor cement Thermal CTE Specific
conductivity | (ppm/K) gravity
(W/m.K)
CVD diamond - 1100 - 180Q 1-2 3.52
Highly Oriented - 1300 — 1700 -1.0 2.3
Pyrolytic Graphite
Natural graphite - 150 — 500 -1.0 -
Aluminum - 218 23 2.7
Copper - 400 17 8.9
Tungsten Copper 157 - 190 57-8.3 15-17
Epoxy natural graphite 370 -2.4 1.94
Polymer continuous 330 -1 1.8
carbon fibers
Copper discontinuou 300 6.5-9.5 6.8
carbon fibers
Copper continuous 400 — 420 0.5-16 53-82
carbon fibers
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Copper SiC patrticles 320 7-10.9 6.6

Aluminum graphite flake 400 - 600 45-5.0 2.3

2.2  Metal matrix composites (MM Cs)

The important characteristic of MMCs is their tinait properties can be altered
to required value. For example, the thermal condiigtof carbon fiber reinforced
MMCs can be as high as 900 W/m.K, making them caitiyge to heat pipes over a
short distance. Alternatively, the particles reiofd MMCs can be used as heat

spreaders for highly isotropic in plane conduciegt

For electronic packaging, the matrices of MMCs baraluminum, magnesium,
cobalt, copper, and silver. The reinforcementsuidel continuous and discontinuous
carbon fibers, graphite flakes, silicon carbidec(Sdiamond, and beryllia particles. SiC
particle reinforced with aluminum composite (Al-$ias been used widely as
packaging materials for a few decades. The adgaataf Al-SiC are its CTE can be as
low as 6.2 ppm/K and it can be a very cost effecpackaging material due to its low
density. The only disadvantage of Al-SiC is itsrthal conductivity is limited to 220
W/m.K. For that reason, Cu-Sj€omposites seem to have a greater potential than Al

SiC because copper has almost double the thermductvity of aluminum.

2.2.1 Fabrication of MMCs

MMCs can be fabricated using a wide variety of ii@dtion methods such as

solid state, liquid state, deposition and in-sikhe solid state methods can be further
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classified into diffusion bonding and powder metady (PM). In diffusion bonding,
metal matrix in the form of foil is consolidatedtlvithe reinforcement by applying heat
and pressure. However, in PM approach, discontisuavhisker, or particulate
reinforcements are mixed with metal powders, piéssel consolidate at a temperature
below the melting points of the constituents. Tlasolidation process can be done
with or without pressure assistance. Many MMCs dan fabricated by using
pressureless consolidation process via PM appreach as Sig reinforced copper-

aluminum composites (Wang et. al. 2008).

Traditionally, the powders were compacted by usurgaxial compression
techniques. The temperature of the sintering psbas significant effects on the final
properties of the PM products. For an example etlveais a significant increase in the
hardness of CuSjXomposites as the sintering temperature was isecefrom 908C
to 950C (Celebi Efe et. al. 2011). But high sintering parature also has negative
impact to the PM products. For an example, in theri€ation of SiG reinforced
titanium composites, the formation of silicides wasserved after the samples were
sintered at elevated temperature for a long tinme(® et. al. 2008). Furthermore, a
range of mechanical working methods, such as fgrgialling and extrusion, maybe
applied to achieve full densification. Hot pressimgthod is also typically used to
improve the final density of the MMCs. CuSiC comipes with high vol.% of Sig
were successfully fabricated by using a hot presthad (Pelleg et. al. 1996& Schubert

et. al. 2007).

In the liquid state, the reinforcements are wetigdthe molten metal matrix
during the consolidation process which is adaptexnfthe conventional casting

techniques. The reinforcements can be mixed wititemametal during melt stirring
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process but the volume content of the reinforcemedimited to approximately 20
vol.%. Beyond this value, the dispersion of thaf@icement becomes difficult. Most of
the liquid state processes involve the use of pmetireinforcement which molten metal
must infiltrate. The process can be carried owtatospheric pressure where it relies
solely on the capillary action for infiltration. €hinfiltration process can also be
performed with the assistance of an external pres3ihis type of liquid state process is
called squeeze casting process. The squeeze castiogss can also be employed to
fabricate MMCs such as CuSiC composites (Zhu et.2805),AlSiC composites
(Elomari et. al. 1998) and SjCeinforced aluminum-copper alloy composites (Onat,
Akbulut & Yilmaz 2007). However, the same interigbroblem that was observed in
the pressureless infiltration process of AISIC waso observed in the CuSiC
composites which were fabricated by pressure askisffiltration process due to the

formation of CySi (Xing et. al. 2005).

In the deposition process, the reinforcement dagiare mixed with atomized
metal and sprayed by fine droplets. Then the neatdl the substrate are co-deposited
onto a substrate and left to solidify. Many avd#almethods have been used in the
fabrication of MMCs, such as chemical and physi@glor depositions, electroplating,
sputtering and plasma spraying. Based on Brend®lg007), the electroplating of Cu
layer on SiC fiber can be done in a copper (ll)pkate (CuSg) bath at room
temperature. The effects of the electroless cogpposit on tensile strength of CugiC
composites was studied by Davidson & Regener (2(81)pressureless sintering
process. Their experimental results revealed emuafailure strain in the Cu coated
CuSiG, composites compared to their uncoated equivalémisitu SEM observations
of the fracture process also showed improved banbetween the Cu coated iéhd

the Cu matrix. A thin titanium layer deposited bgatroplating process on the SiC
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fibers can improve the tensile strength of the f@r reinforced Cu composites (Luo
et. al. 2007). The application of magnetron spinteto deposit chromium and tungsten

interlayers on SiC fibers were demonstrated by K&tkndel& Bolt (2007).

For in-situ processes, the MMCs are fabricated th& unidirectional
solidification of eutectic alloys which leads toetHformations of two different
microstructures. Most of the time, the matrix isaid solution and the reinforcement
phase is an intermetallic compound or carbide (Mats & Rawlings 1999). By
definition, unidirectional solidified eutectics araot true composite materials.

Nevertheless, they behave closely to that of coitgwwith aligned fibers.

2.2.2 Fabrication of copper composites via PM aggi

There are three main types of copper MMCs; diampadicles reinforced
copper composites, carbon fiber reinforced coppemposites (Cu-{, and SiC
particles reinforced copper composites (Cuppi@Gleubauer 2005). Diamond particles
reinforced copper composites are good candidatekeat sink applications due to the
combination of high thermal conductivity of 640 WKnand low CTE of 9x18 K*
(Schubert et. al. 2008). The thermal conductivitdiamond particles reinforced copper
composites depends greatly on the volume contetitpanticle size of the diamond
particles (Yoshida & Morigami 2004). Cu-Composites are also good candidates for
packaging materials due to the combination of IoTE@nNnd weight of the carbon fiber.
The CTE of Cu-€composites can be engineered preferably by then®Ilcontent and
average length of the fibers (Korb, Buchgraber &l&rt 1998). Furthermore, the CTE
of Cu-G composites can be tailored to be approximatelyktputhat of silicon, thus the

composites can be soldered directly to the siliaafers (Kuniya et. al. 1983). These
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Cu-G composites can be economically fabricated via eatignal powder metallurgy
approaches followed by a hot press process. Tha fwnoperties of these Cu-C
composites suffer from the weak interface betwdmndopper matrix and the carbon
fiber reinforcement, and the inhomogeneous dispersi carbon fibers in the copper
matrix. Moreover, the properties of the CueBmposites are anisotropic thus they have

a limited use in the thermal management application

Due to the anisotropic behavior of Cy-€@mposites, the use of SiC patrticles as
reinforcements in copper MMCs becomes a greatasteCu-SiGcomposites can also
be fabricated by using hot press process via powusdallurgical approach (Chang &
Lin 1996). The CTE of Cu-SiCcomposites can be tailored by controlling the wadu
content (Prakasan, Palaniappan & Seshan 1997 harsize of Sig (Elomari 1998 and
Zhu et. a. 2005). But similar to Cu-€bmposites, Cu-Sikzomposites also suffer from
similar bonding problem. In order to develop ancersgthen the bond between Cu
matrix and SiCp reinforcement, the bonding betwgnenmatrix and the reinforcement
phases must be improved. One of the methods tmweghe bonding is by coating SiC
reinforcement with Cu film. With an addition of 2®Il.% of SiC, the mechanical
properties of the composites can be improved ttinees better than pure copper (Chan

& Lin 1996).

2.3  Electroless metal deposition process

The basic components for the electroless platirtp bae a metal salt and a
reducing agent. But most of the time, a complexaggnt, stabilizers, accelerators, or
inhibitors, are also required to control the ratel astability of the plating process.

Furthermore, the plating process must be performeder controlled pH and
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temperature. The metal salt is the source of thelnmns which during the electroless
plating, is reduced by the reducing agent. The derimmy agent acts as a buffer which
reduces the concentration of free metal ions tre@eahsing the rate of the reaction.
Without the presence of the complexing agent, spwdus precipitation of metal salt
can occurs especially when the electroless plgihogess is performed at an elevated
temperature. Besides the complexing agent, th®ligex is also an important addition
to the plating solution. It prevents the spontasedacomposition of the plating bath
due to a sudden increase of hydrogen gas duringlétieg process. The concentration
of the stabilizer must be controlled carefully teyent plate-out of metal on the walls
of the plating tank. The temperature of the platiagh must be controlled at a certain
range to prevent solution plate-out or even decaitipa. The temperature of the bath
is also critical in controlling the voids in the takdeposit. Large amount of voids was
observed on electroless copper deposit from pldiaths containing formaldehyde and

glyoxylic acid as reducing agents at low tempemf\Wwu and Sha 2009).

The surface cleaning is critical in developing gobdnding between the
substrate and the metal deposit. The removal eidarcontaminants such as dirt, soil,
grease and tarnish can be done by using acetooenumercial alkaline cleaners. The
removal of oxide surface can be done through chenaitack or etching, acid pickling

solutions and alkaline deoxidizing materials.

Electroless plating has been used extensively imymiadustries such as
aerospace, automotive, chemical processing, oil gad, mining and military
applications. For an example, electroless nickelatings improve inherent
characteristics by adding hardness, wear resistamogrosion protection and

solderability of aluminum components in aerospandustry. In the automotive
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industry, the use of electroless nickel on cartlugetfuel supply systems and fuel
pumps has gained wide acceptance. Corrosion relptedlems in the chemical
processing industries can also be minimized by mearlectroless nickel coating. Oil
and gas industry is also an important market dudeocorrosion and wear of various
drilling and piping components. Besides these itrtkss other applications such as
molds and dyes, foundry tooling and printing indysire also taking advantages of the

unique properties of the electroless plating preess

2.3.1 Pretreatments of nonmetallic substrates

The main difference between metallic and nonmetallibstrates resides in the
nature of the bond between the substrate and the oheposits. Nonmetallic substrates
require further treatments involving microetchinggnsitizing and activation after
surface cleaning process because the nonmetaligirates lack of catalytic properties
and therefore require activating treatment thatl wénder them catalytic. The
microetching process basically roughens the sulestsurface where crater-like
impressions are created. These will provide a laggace area with many sites for
mechanical interlocking of the metal deposits. Ttlensensitization process is applied.
In this process, clusters of Sn are adsorbed drdcstibstrate surface in its oxidized
forms (S™ and/or SAY to form a continuous film. Other Shions are then directly
oxidized to form layers of stannic compounds ower surface (Natividad 2004). Next
in the activation process, a small amount of palladis chemically deposited on the
substrate surface. The palladium acts as a cafalytite eletcroless metal depositon to

occur.
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The SA* ions will reduce the Pdto precipitate catalytic palladium seeds on the
substrate surface. The insoluble stannic hydroxasets with hydrochloride acid to
form soluble stannous and stannic chlorides whieh ramoved from the substrate
surface via thorough rinsing process. With the supe of the active palladium nuclei,
the substrate is ready for electroless platinggssc

2.3.2 Electroless copper deposition on SiC pagicl

The electroless copper plating techniques are gnostiducted in the fabrication
of electronic parts and printed circuit boards. Bagently, it has been introduced in the
fabrication of metal matrix composites to improvee tbonding between the metal
matrix and the nonmetallic reinforcements. The tegcal basis of the electroless
copper deposition has been studied and publishethany papers and journals.
Basically, the typical electroless copper solutcmwntains a source of copper ions, a
reducing agent, a complexant, an inhibitor, antaraland/or a stabilizer. Copper salts
such as copper sulphate chloride or nitrate aretlynased as copper ions sources.

Formaldehyde in the other hand is widely used r@slacing agent.

The presences of copper ions and a reducing agenem@ough to initiate
thermodynamically stable electroless copper deiposjirocess. But in actual condition,
a slight change in the pH of the solution mightléa the total precipitation of copper
ions. In order to overcome this difficulty, a comhg agent is added to the solution.
Complexing agents such as Rochelle salt, EDTA, aliigcacid and triethanol amine
(TEA) are widely used in electroless plating batftse possibility of using sacharose as
a Cu (Il) ligand in electroless copper systemsdias been established (Norkus et. al.
2007). These complexing agents depress the coatientrof free copper ions thus

stabilize the pH of the solution during the eleletss plating process. Each complexing
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agent has different effect on the reduction rat€wofll) ions and the oxidation rate of
formaldehyde (Lin & Yen 2001). The presence of ctaxipg agents therefore has
profound effects on the structure of the metal dépdiowever, the selection and
concentration of the complexing agent must be cemed very carefully to ensure

sufficient free copper ions are available for tlex&oless plating process.

With the presence of complexing agent in the pipsolution, the plating rate
will be lowered. A small addition of exaltants arcalerators will increase the plating
rate without causing any instability to the plativath. For an example, a small addition
of ammonia accelerates effectively the autocatalyduction of Cu (ll) ions by
formaldehyde in EDTA solution (Vaskelis et. al. ZDOAnother critical parameter to
consider is the pH of the solution. The formatidrbgproducts such as hydrogenjH
or hydroxyl (OH) ions will change the pH of the solution during@ ttopper deposition
process. The dependence of the change ind@htentration on the rate of the catalytic
process is markedly influenced by the rate gekblution (Valkelis 1987). Nonetheless,
the presence of hydrogen has insignificant effectshe mechanical properties of the
copper deposit because the solubility of hydrogerapper is very small (Nakahara
1988). In order to stabilize the pH of the solutibnffers such as carboxylic acids are
added into the solution. The addition of 2-MTB artarate and EDTA based plating
baths also increase the copper plating rate (Hathra. 2003). Other stabilizers such as
2,2’-dipyridyl has inhibiting effects on the eledtess metal deposition. It increases the
potential of the reduction reaction thus reducing topper deposition rate (Li et. al.
2004). The presence of potassium ferrocyanidgF€KCN)Y) in the plating bath
promotes defects free and smooth copper surfacke(®e 986) which is preferred in
most practical application in electronics indugtdprkus 2006). Cyanide ions are likely

to adsorb strongly on copper surface and facilita¢edesorption of hydrogen gas from
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the deposit surface, thus promote the ductilitytred copper deposits (Nakahara &
Okinaka 1983). Some additives are also requireslifpress the spontaneous oxidation
reaction in the plating solution to prevent a veoarse and poor adhesive copper film
from being developed (Oh & Chung 2006). Howevee, $tabilizer must not be used
excessively because too much stabilizers will kptahield the substrate surface and
prevent the copper deposition from happening. At concentration, most of the

strong inhibitors caused a complete inhibitionref topper deposition (Bielinski 1987).

Most electroless copper solutions employ formaldiehgs the reducing agent.
The reduction potential and the rate of oxidatimmstrongly dependent to the pH of the
solution. For practical electroless copper depmsijtthe pH of the plating bath should
be above 11. This pH restriction imposes the useoofplexed copper ions in order to
prevent the precipitation of copper (ll) hydroxidirthermore, the additives also show
significant effects on the cathodic reduction oé ttopper ions. The effects can be

accelerating or inhibiting, depends on the type @mtentration of the additive.

The bonding formed via electroless copper depasipoocess is not of an
atomic nature because chemical bonding cannot tmeefb between the metal deposit
and the nonmetallic substrates. Therefore therenly mechanical bonding exists

between the metal deposit and the nonmetallic satiest
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CHAPTER 3

RESEARCH METHODOLOGY

This study concentrates on preparing the elecsatepper coating on silicon
carbide particles (Si} and fabricate the copper matrix reinforced witiper coated
silicon carbide particles (CuSiCand non-coated silicon carbide particles compesit
Then the effects of such coating on the final dgremd microstructure of the fabricated

Cu-SiG, composites is studied.

The experimental activities are divided into thme@jor stages as shown in
Figure 3.1. In the first stage, an electroless hwdating technique was carried out to
coat SiG with thin copper film. Then in the second stageS{C, composites were
fabricated with varying volume fractions of SiC ngithe conventional powder
metallurgical methodology. Finally in the third géa the physical and microstructural
characterization of the composites was performée. dffects of the electroless copper
coating on the final density of the composites wereestigated. Microstructural
analysis was conducted to study the copper coatmghe SiG and the composites.

Throughout the experimental work, different methadd tests were used.
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Figure 3.1: The flow chart of the whole experiméptacess.

31 Raw materials

The raw materials which were utilized for the expents were angular shaped

abrasive grade silicon carbide (SiC) powder fromEBRand 99% purity spheroidal

copper (Cu) powder from Sigma Aldrich. Table 3.bwh the characteristics of the raw

materials received, as reported by the respectamufacturers.
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Table 3.1: The basic characteristics of the powdsneceived from

manufacturers.
Silicon carbide Copper powder
Properties Unit
PRES Sigma Aldrich

Particle shape - Angular Spheroidal
Purity % - 99
Crystal structure - - FCC
Particle size, B pm 45.6 -

3.2  Electrolesscoating

3.2.1 Surface treatments

The cleanliness surface of the SiC particle isicali to ensure flawless Cu
deposition during the electroless coating proc&se treatments used to prepare the
surface of SiC particles are generally similariiose used for the preparation of base
metals in electroplating process. In order to sbtahomogeneous copper deposit on the

surface of the SiC particles, the following stegevcarried out:

First, 20g of SiC particles was cleaned using Wiea 2003 Sonic Cleaner
Buehler ultrasonic bath in 400ml of industrial geaatetone for 15 minutes as shown in
Figure 3.2. Then the SiC particles were filteredubing Whatmah qualitative grade 4

(20-25 um) filter papers as in Figure 3.3. The mileg process was repeated three times.

34



Then, the clean filtered silicon carbide partickesre dried in the oven at % for 4

hours.

Figure 3.2: Ultrasonic cleaning of SiC particles.

Figure 3.3: Filtering the SiC patrticles after wtpaic cleaning in

acetone for 15 minutes.

After the cleaned SiC particles completely dry, tiegticles were etched in a

diluted solution of nitric acid (65%) for 30 minstesing ultrasonic bath. Then, the SiC
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particles were rinsed with 500ml of deionized waf@r three times. Next, the SiC
particles were sensitized in a solution contai@gl of hydrochloric acid (37%), 10g
of tin (1) chloride dehydrate (Sngjland 1000ml of deionized water. The sensitization
process was performed at°@ for 2 hours as in Figure 3.4. The solution was
continuously stirred. Then, the SiC particles wetewly rinsed with 1000ml of

deionized water.

Figure 3.4: Sensitization process of SiC particles.

After rinse, the SiC particles were activated isodution containing 1000ml of
deionized water, 3ml of hydrochloric acid (37%) an@5g of palladium (Il) chloride
(PdChL). The activation process was performed aCA€r 1 hour under continuous
stirring condition as in Figure 3.5. Then, the Si@rticles were slowly rinsed with
1000ml of deionized water for three times to prévesntamination of the solution.
Finally the activated SiC particles were driedhie bven at 8% for 4 hours as shown

in Figure 3.6.
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Figure 3.6: Oven for drying process of SiC particle

3.2.2 Electroless copper coating

The electroless coating bath was prepared anccdhgoositions of the bath

solution are presented in Table 3.2. First, 2000frdeionized water was poured into
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the beaker. The deionized water was heated 16 58fore 20g of copper (l) sulphate
pentahydrate (CuS(®H,0) was added into the beaker. Then 66.6g of
ethylenediaminetetraacetic (EDTA) acid disodium t-Bathydrate
(C10H1408N2Nap.2H,0) was added into the solution as a complexing taddre solution
was continuously stirred by using a magnetic stiffée solution is heated further until

it reached 6fC. Next, 40mg of 2,2-dipyridyl (GHsN2), 120mg of potassium
hexacyanoferrate (ll) ({ce(CN}.3H,O), and 23ml of formaldehyde (HCOH) 37%
solution were added into the electroless coatirtg balution. The solution temperature
is controlled manually by adjusting the heater kmdhble monitoring the temperature

using thermometer. The solution is shown in Fidiie

Table 3.2: The compositions of the electroless eoppath.

Chemicals Chemical formula Quantity
Copper (ll) sulphate pentahydrate CuStH.0 20g
EDTA C10H1408N2N&p.2H,0 66.69
2,2'-Dipyridyl CioHgN2 40mg
Potassium hexacyaneferrate (I1) 4A€(CN)}.3H,0 120mg
Formaldehyde (37%) HCOH 23ml
Sodium hydroxide solution NaOH up to pH 12 to 13
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Figure 3.7: Electroless solution bath for coatingcess of SiC particles.

After that, by using a small pump, air was bubbled the solution. The pH of
the electroless coating bath was adjusted in betwi® to 13 by adding sodium
hydroxide (NaOH) solution. Then, the temperaturehef bath was increased t0°Z5
When the temperature reached@515g of activated SiC particles was put intoliath
and the electroless Cu deposition would occurs idhately as shown in Figure 3.8.
The electroless coating process were performed@@minutes with the temperature
maintained at 7% and the pH of the electroless bath maintaineokeiween 12 to 13.
After the coating process was completed, the Ctedo@iC particles were slowly rinsed
with 400ml of hot water that was heated atZ5The rinsing process was repeated for
five times to remove all contaminations. Then, thecoated SiC particles were rinsed
again with 500ml of acetone twice and left to dnder room temperature. Finally the
coated silicon carbide particles were dried inlkzetturnace at 60C for 2 hours under

argon atmosphere.
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Figure 3.8: Electroless copper coating procesdiobs carbide particles.

3.3  Characterizations on copper coated silicon carbide particles

3.3.1 Scanning electron microscope (SEM) examination

The surface structure of the raw, cleaned, sepslitiactivated and coated silicon

carbide particles were examined by using JEOL J8BBBA scanning electron

microscope (SEM).

3.3.2 X-ray diffraction (XRD) analysis

X-ray diffraction (XRD) analysis was performed tre purchased SiC particles.

The analysis was done by using Shimadzu XRD-6088>diffractometer.
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3.3.3 Particle analyzer analysis

The mean particle sizesPand the particle size distribution were perfornoad
the cleaned, sensitized, activated and Cu coat€dp8&iticles. The analysis was done

using of Malvern Mastersizer2000 particle size yre.

3.4  Fabrication of CuSIC, composites

The Cu powder was mixed with different volume fiaigs of SiC powdenssc):
0.1, 0.2, 0.3, 0.4, 0.5, 0.6 and 0.7. Mae is defined as the ratio of the volume of the
SiC powdeNgc to the volume of CuSiC compositédsc). The volume fraction of Cu

powder is also defined the same way.

_ _Vsic _ _Veu
Usic =5 — and vg, = "

CuSiC CuSicC

whereVg, is the volume of Cu powder. The volume of the @u&dbmpositeVeusc was
calculated based on a cylindrical green-compach vtitmm diameter and 10mm
thickness, which is theoretically equivalent toS&:8r. It was noted that

Vsic + Vey = 1 andVgic + Vey = Veusic
The weight fraction of SiC powdews§ic) and Cu powdemn,) are defined as the ratio

of the weight of the constituents to the weighthef CuSiC compositéNcusc)-

It was noted that

Wsic + Wey = 1 and Wgie + Wey = Weysic

Sincev andW are related to density) as follow

pV =W
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Therefore PcusicVeusic = PcuVeu + PsicVsic
Veu Vsic

Pcusic = Peuy;—— + Psic v
cusic cusic

Pcusic = PcuVcu T PsicVsic
where pcusc,Pcu @and pgc are the density of the CuSiC composite, Cu poveaher SiC
powder respectively. The weight fraction of SiC plew (vsc) can therefore be related
to its volume fraction as the following.

Werr = Wsic  psicVsic  Psic v
sic = = = sic
W usic PcusicVeusic  Pcusic

In the same way, the weight fraction of Cu powdey,) is also given by

Weu _ PcuVeu _ Pcu
Weusic  PcusicVeusic  Pcusic

Weu = Vecu

Since the volumes of the CuSiC composites weredfate0.95¢cr) the values folg,
and Wgc for the CuSiC composites at different volume fiaws of SiC powder are

given in Table 3.3.

Table 3.3: The amount of Cu and non-coated SiC posveequired for the CuSiC

composites.

Usic | Pcusic | Wsic | Wceu | Weusic

0.0 8.93 | 0.0000 8.9314| 8.9314

0.1 8.36 | 0.3223 8.0378| 8.3601

0.2 7.79 | 0.6436 7.1447| 7.7883

0.3 7.22 | 0.9654 6.2518| 7.2172

0.4 6.64 | 1.2873 5.3586| 6.6459
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0.5 6.07 | 1.6093 4.4653| 6.0746

0.6 5.50 | 1.9306 3.5729| 5.5035

0.7 493 | 2.2528 2.6794| 4.9322

However, for the Cu coated SiC particl&0cy.coated), the volume of the Cu deposit on
the SiC particles\{y) is considered as a fraction of the total volumheCo in the Cu-
coated CuSICQuS Ccy.coated) COMposites. For that reason, the weight fractib@u in
the SCcycoated (We) Must be determined prior to green compact preiparaknowing
the value ofw, the required weight ofi Ccy.coaed (Wy) and the required weight of Cu
powder V) can be calculated by the using the following eiquas:

Wsic = Wy, —w,W,,

Wew = Wy + wW,
wherew W, is the weight of Cu deposit on the SiC particBsth equations are only
valid if the value oM\, > 0. At W, = 0, the value of\, is solely contributed by the Cu
deposit on the SiC particles. In the cas&/@fc = 0.95cm andw, = 0.25, the values
for W, andW for CuS Cey-coated COMposites at different volume fractions of SiQvper

are given in Table 3.4.

Table 3.4: The amount of Cu aBCq.coated POWders required for theuS Cey.coated

composites.

Usic | Pcusic | Wsic | Wcu

0.0 8.93 | 0.0000 8.9307

0.1 8.36 | 0.4293 7.9308

0.2 7.79 | 0.8584 6.9307
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0.3 7.22 | 1.2876 5.929%6

0.4 6.64 | 1.7169 4.9292

0.5 6.07 | 2.1456 3.9296

0.6 5.50 | 2.5743 2.9293

0.7 493 | 3.0037 1.9285

3.4.1 Preparation of green compacts

The weight of SiC and Cu powders are determinedretically based on the
same compact volumes as in Table 3.3 and TableF&ydre 3.9 shows the mold set

used in green compaction process.

Figure 3.9: Mold and tool set used in green conipagirocess.

The weighted Cu and SiC powders are placed in ®eu®ed milling container.
Ball milling method was used using Zirconia ballghadiameter of 20mm to mix both

powders slowly at a fixed speed for 10 minutesdasigure 3.10. The milling speed and
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milling time were determined through try-and-ermoethod to obtain the homogeneity

mixing of both powders.

Figure 3.10: Ball mill process of the composite pevs.

After the milling process, the powders were uraaixiompressed in a tool steel
mold with inner diameter of 12mm under 50kN of lo&btech 200kN UTM machine
was used to perform the compaction process. Thepaction process is shown as in
Figure 3.11. After the compaction process, the tteidiameter and thickness of the
green compacts composites were measured by usiagadytical balance and a digital

vernier caliper. Then the green density of eachpamnhwas calculated.
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Figure 3.11: Compaction process using uniaxial Go#00kN UTM machine.

3.4.2 Sintering process

The green compacts composites were sintered irfulmace at 92% for 2
hours in an argon atmosphere. In order to contretipely the heating rate, sintering
temperature and cooling rate during the sinteriraggss, VT tube furnace was used as
shown in Figure 3.12. The temperature of the fuenaas raised slowly at°6 per

minute to prevent thermal shock and minimize terapge gradient on the samples.
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Figure 3.12: The tube furnace for sintering process

The sintering temperature profile is shown in Fgg&:13. Once the sintering

process was completed, the final mass and volurtieeaamples were measured again.
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Figure 3.13: The temperature profile for the singprocess.



3.4.3 Density and porosity measurements

The true densities of the specimens were measnradMicromeritics AccuPyc
II 1340 pycnometer as shown in Figure 3.14. Thenpyeter uses helium gas to
measure the volume of the specimen accuratelys@heple was sealed in the specimen
compartment and then helium gas was passed intmthpartment. Then, the pressures
before the expansion and after the expansion we@suared. Then, the volume of the
sample was computed. The gas displacement deriditye sample was then calculated
by dividing the sample weight to this volume. Therage true density of the composite

was given by pycnometer calculation.

Figure 3.14: Pycnometer for true density measurémen

The bulk density can be obtained by measuringsgecimens using density

meter as shown in Figure 3.15. The difference betweulk density and true density

will give the porosity percent in the specimens.
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Figure 3.15: Density meter for bulk density measwest.
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CHAPTER 4

RESULTSAND DISCUSSION

4.1  XRD analysison raw material

The raw material received from the manufactures warified using X-ray
diffraction analysis. The XRD was performed on r@w powder and also the raw SiC
particles which later used as reinforcement in GeSiC composites. Figure 4.1 (a)
shows the XRD peaks for Cu powder which gives thestal structure of FCC Cu
powder. Figure 4.1 (b) shows the peak for raw $iCFigure 4.1 (c), the XRD was
performed on a CuSiC composite specimen to vehiéyaxistence of both constituents
in the sample. It shows both peak of Cu powder Si@particles, which it proves that
both materials exist in the composite and they belihemselves as described by the
term of metal matrix composites (MMCs). This XRBu# also proves that the copper
coated SiG were free of contaminants because they were dasdcfrom the Sig

surface through vigorous stirring of the electrslbath and repeated rinsing process.

15000 —
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-Cu FCC

Cu FCC
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Figure 4.1: (a) XRD pattern for raw spheroidal @uvder.
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Figure 4.1, continued: (b) XRD pattern for raw Si@rticles and (c) XRD pattern for

CuSiC composite.

4.2  Characterization of electrolesscoating on SIC

4.2.1 SiC surface treatments

The bonding between the nonmetallic SiC surfacestha Cu coating is only
mechanical in nature (Mallory & Hajdu 1990). In erdo achieve good adhesion of Cu
deposit on surface of the SiC particles, the Si@iglas were cleaned in acetone using
ultrasonic bath. The solvent helps in the dissotutdf the unwanted contaminants on
the surface of the SiC particles. The ultrasonéaging uses sound waves passed at a
very high frequency through the acetone, whichteraa active scrubbing action on the
surface of the SiC particles. The cleaning proseas repeated for a few times until

there is no significant difference in the turbidafythe acetone waste. In Figure 4.2, it is
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shown that after the third time cleaning, the acetavaste shows no significant

difference. Therefore, the cleaning process wag @peated three times.

Figure 4.2: The acetone waste after SiC cleanimgusdtrasonic bath.

Figure 4.3 (a) and (b), show the surface morphofogthe raw SiC particles at
500x magnification and 10,000x magnification respety. Under higher
magnification, it was clearly seen the unwantedtammants on the particle surface.
After cleaned the SiC with acetone solvent, théasar morphology was again inspected
under SEM. Figure 4.3 (c) and (d) show the clea®s@ particle under 500x
magnification and 10,000x magnification respectiveélThe surface of the SiC was
cleaned from any unwanted contaminant particlesthisdcleaning process has rubbed

away any contaminants less than 10microns.

Since Cu deposits were mechanically bonded touhface of the SiC particles,
it is important to obtain the right topography dre tsurface of the SiC particles. A
solution of nitric acid was used to roughen thdasue of SiC particles, thus improve the
chances for surface attachment of the catalytigadiifadium metal. The nonmetallic
SiC patrticles require activating treatments thdk render them catalytic since they are
lack of catalytic properties. The activation pracess done by seeding the surface of

the SiC particles with a catalytically active pdilam metal. Figure 4.3 (e) and (f) show
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the surcease of SiC after sensitizand activation process at 500x magnification

10,000x magnification respective

1@, oo lmum BEEE 12 439 SEI

BE@Ee 12 49 S
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Figure 4.3 The surface morphology of the SiC patrticles (&) é) before surfac
cleaning, (cand (d) after surface cleaning, (e) and (f) afegrs#tizing and activation «

the surface.



The effectiveness of the cleaning process canl@sshown by comparing the
particle size distribution of SiC particles befaed after the cleaning process. Figure
4.4 (a) shows the particle size distribution foe ttaw SiC as received from the
manufacturer. The mean particle sifg] gives 45.698m size. Figure 4.4 (b) shows
that, after SiC was ultrasonically cleaned in acef@ny particles with size less than 10
micron have been successfully filtered and remowadter the cleaning process, the
particle size distribution has been slightly shifte the right where mean particle size
(Dsg) of the SiC particles has increased from 45868%0 45.998m. However, the
change in the particle size distribution, shouldcbesidered as a change in the particle
size. The sizes of the SiC patrticles remain theesafter the cleaning process. Only a
portion of the population of the SiC particles Hasen removed during repeated
cleaning and filtration processes. Figure 4.4 f@vss the particle size distribution for
SiC after sensitizing and activation process. T@amparticle sizeQso) has increased
to 46.75Qum after the SiC surface has been seeding withaytiatlly active palladium

metal.
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Figure 4.4: Particle size of the SiC particlesk@fore surface cleaning, (b) after surface
cleaning, (c) after sensitizing and activationh surface.
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4.2.2 Electroless copper coating

The two step electrochemical mechanisms occur samebusly on the activated

surface:
1. Anodic oxidation of formaldehyde
HCHO + 30H™ - HCOO™ + 2H,0 + 2e"E°,, = 1.140V
2. Cathodic reduction of Cu ions

Cu®* + 2e~ - Cu°E%,.4 = 0.337V
whereE®,, andE®,,, are the standard potential energy. Thereforeptiegall reaction
of the electroless Cu deposition in formaldehydsellgplating solution is

Cu?* + 2HCHO + 40H™ - Cu® + 2HCOH™ + 2H,0 + H,

The electroless Cu deposition is a thermodynanyidaorable reaction since
the sumE® of the standard potential energy of anodic antlatdit is positive, and the
change in the free energy is negative siné® = —nFE°. The spontaneous solution
decomposition does not occur because the eledrolas deposition reaction is
kinetically inhibited (Diamand 1995). For Cu depimsi to occur, the potential energy
of the reducing agent has to be more negative tinanfor the metal being deposited.
The potential energy for oxidation half reactiorctw@es more negative when the pH of

the electroless solution is increased (Oita 1997).

Figure 4.5 (a), (b) and (b) show the surface molquy of SiC deposited with

thin Cu after the electroless coating process url@dx magnification, 3,000x

magnification and 10,000x magnification respectivel
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laku

Figure 4.5: The surface morphology of the Cu-co&#tiparticles (a) at 500x

magnification, (b) at 3000x magnification, and #tJL0000x magnification.
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The completed Cu deposition on SiC particles after electroless coating
process was verified using the particle size diation. Figure 4.6 shows the
morphology images after SiC was deposited with tayer of Cu. After the electroless
coating process, the particle size distribution be@sn shifted to the right where mean
particle size Dsp) of the Cu-coated SiC particles has increased @75 m size
after the sensitizing and activation process ta@&m. The change in the particle size
distribution is due to the fact that a thin Cu fildeposited on the SiC particles
completely. The difference of the particle sizeegia rough thickness coating of the Cu.
However, the actual Cu coating thickness is bewtragned using measurement under

SEM.
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Figure 4.6: Particle size distribution for Cu-cah&iC.

4.3  Fabrication of CuSIC, composites

During preparing the mixture of composites, ballling method was used
where the speed and duration of mixing were fixeddach composite composition.
Then the mixture was placed into a customized naold tool for uniaxial compaction

process. The load used for all specimens was 50KMNs conventional powder
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metallurgy technique was performed for both CuQiGessc and CuSiGon-coatedsic

under different composition for comparisons.

The compaction was successful for all CuSiC cong®svith the Cu-coated
SiC reinforcement with volume fractions: 0.1, 0023, 0.4, 0.5, 0.6 and 0.7. It was due
to a good improved interface bonding between Cuirmand Cu-coated reinforcement
of SiC as shown in Figure 4.7 (a). However, for {u&mposites with non-coated SiC
reinforcement, the compacted specimen starts fwaid porous when volume fraction
of non-coated SiC reach 0.5 due to the poor interfaonding between the two
constituents as shown in Figure 4.7 (b). Thereftwe,CuSiC with non-coated SiC
reinforcement composites, the samples can onlydvaired for volume fraction 0.1,

0.2, 0.3 and 0.4.

(@) (b)

Figure 4.7: (a) Successful compaction of CuSiC Withcoated SiC reinforcement and
(b) Unsuccessful compaction of CuSiC with non-cd&eC reinforcement at volume

fraction of 0.6.



4.4  Density and porosity measur ement

According to the overall reaction of the electrsle€u deposition in
formaldehyde-based plating solution equation, teeodition of one mole of Cu is
accompanied by the evolution of one mole of hydrogeh). This results in the
incorporation of H gas bubbles into the Cu deposit. The smallgdls bubbles (20-
300A) are incorporated uniformly throughout the pepfilm while the large (25-30
pm) bubbles are trapped at the grain boundariesgNata & Okinaka 1983). Thus, the
density of the electroless copper is expected tlmwer than that of bulk copper due to

the presence of incorporated hydrogen.

The measured density of CuSiC composites were dpmeeasuring the weight,
diameter and thickness of each specimen using @agtaal balance and vernier caliper.
As the volume fraction of SiC reinforcement incresathe density of the specimen
decreases. Figure 4.8 shows the measured densibptio composites with Cu-coated
SiC reinforcement and non-coated SiC reinforcemfiiten the volume fraction of Cu
matrix increases, while the volume fraction of $&hforcement decreases, the density
is in increasing trend. The same trend can be sedfigure 4.9 for bulk density
measurement of the specimens using density meténid method, the specimens were
weighted in air and also in water. Then, the wegfhspecimen in air will be divided
with the volume obtained through the differencedieg@ of mass in air and mass in

water and it will give the bulk density value faah specimen.

volume = mass — MaSgater

density = mass

(masgr — Mas§ate)
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Figure 4.8: Measured density for both Cu-coated&i@ non-coated SiC reinforcement

in CuSiC composites.
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Figure 4.9: Bulk density for both Cu-coated SiC amwh-coated SiC reinforcement in

CuSiC composites.
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The true density is obtained by using a MicronegitAccuPyc 1l 1340
pycnometer. Figure 4.10 shows the increasing ofsitlervalue when the volume
fraction of Cu matrix increase, which the volumeaction of SiC reinforcement

decreased.
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Figure 4.10: Density measured using pycnometerbfith Cu-coated SiC and non-

coated SiC reinforcement in CuSiC composites.

For Cu-coated SiC reinforcement in the composites result obtained from all
measured, bulk or pycnometer showed slightly highesity compared to non-coated
SiC reinforcement. This might due to the betteernfsice bonding between Cu matrix

and Cu-coated SiC in the composites as discussbpsly in section 4.3.
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The fraction of the total void volume or the potpsian be determined by the

equation (Shu 2003):

p=1-_"_

Lo
where Ris the pore volume fractiom is the measured density apglis the theoretical
density. Besides, the porosity also can be deteunby the difference of bulk density

measured using density meter and the true demsity pfycnometer measurement.

Figure 4.11 showed the porosity percentage of geximens. As the density
trend increases, the porosity percentage is exgpéatbehave oppositely. This might be

due to the entrapped:lgas during the electroless coating process.
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Figure 4.11: Percentage of porosity for both CutetdaSiC and non-coated SiC

reinforcement in CuSiC composites.



CHAPTER S

CONCLUSION AND RECOMMENDATION

51 Conclusion

Nowadays, aluminum matrix reinforced with silicoarbide particle (Al-SiC) is
widely used as the thermal management materialslémtronics packaging. However,
it has limitation on the coefficient thermal expans(CTE) properties since it only can
be altered between 6.2 to 23 ppm/K as well ashteertal conductivity which limited to
220 W/m.K. Therefore, the invention of copper mateinforced with silicon carbide
particles (Cu-SiC) is expected to improve on therrttal properties since copper has

almost double the thermal conductivity compareditoninum.

CuSiC composites have the interface problem betwee copper matrix and the
silicon carbide particles reinforcement due to nading between the two constituents.
In order to improve the bonding issue, the reirganent is coated with a thin copper
film by using electroless coating technique to obteomogeneous copper deposits on
SiC particles. Then, the Cu-SiC composite was albed by different volume fraction
of the SiC reinforcement to analyse the behaviothef properties. The composites is
compared between Cu-coated SiC particles reinfoeo¢mnd non-coated SiC particles

reinforcement.

From the XRD pattern of a sample of CuSiC composiie peaks that exist is
similar to the raw materials’ XRD peaks which apheroidal Cu powder and SiC
particles. Before performing the electroless caatthe surface of SiC particles need to

be cleaned from unwanted contaminants throughsalivia cleaning in a solvent. Then,
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the surface is sensitized and activated to seeduhface for Cu deposits. Then, the
electroless coating technique is conducted in atrelless copper coating bath under
suitable temperature and pH of the coating solufidren, the Cu-coated SiC particles
need to be dryed at 6% for 2 hours. From SEM images on the raw SiC glaxj the

unwanted contanminants can be seen. After ultras@teaning in solvent, no

contaminant observed under SEM image. After agtwaprocess, SEM images have
shown the surface of SiC that already seeded vathlytic element for Cu deposits.

After coating process, the SEM image shows the €hosits on the SiC particles.

Particle size distribution is another characterisvhich conducted in this
research work. The particles size distribution wagormed on the raw SiC patrticles,
after ultrasonic cleaned SiC particles, after deasg and activation of the SiC particles
as well as after Cu-coating on SiC particles. Tize slistribution showed that, after
cleaned the SiC, no other contaminant less thamit@ons left in the powder. Then,
after sensitizing and activation, the mean distrduis slightly higher due to catalytic
elements which attached to the SiC particles. Théry Cu-coating process, the mean

particle size distribution gow higher because ef@u deposits on SiC particles.

Fabrication of the CuSiC composites is performsthg powder metallurgy
methodology. The Cu matrix and SiC reinforcementl{llCu-coated and non-coated) is
mixed via ball milling method and pressed in a coszed mold with 50kN uniaxial
compaction load. Then, the compacted samples atersd at 92% for 2 hours in
argon atmosphere. After that, the samples were uneédor density using analytical
balance, vernier caliper, density meter and alstnpyeter. The density trend shows
that, as the volume fraction of SiC reinforcememréased, the density decreased. For

Cu-coated SiC reinforcement, the density is slightbher compare to the non-coated
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SiC reinforcement. For the percentage of porostg, trend shows oppositely of the

density trend. This is because, the higher theityernise lower the porosity.

52 Recommendation

Due to the time constrain, this research worl k@lve a lot of areas to be
explored. The study on the thermal conductivity, ECTand also the mechanical
properties of the CuSIiC composites are recommeimiddture. With these further
studies and characterizations, the improved dewadop of CuSiC via electroless

coating process can be achieved.
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