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IMAGING THE Al-SIC INTERFACE REGION BY HREM TECHNIQUES

M. VanDenBurg, D.J. VanDijk, P.M. Bronsveld,G. Boom,J.Th.M. DcHosson,

DepartmentofAppliedPhysics,MaterialsScienceCentre,Universityof Groningen,

and

J.L. Hutchison,

Departmentof MetallurgyandScienceof Materials,Universityof Oxford

A metalreinforcedwith ceramicparticlescanbeof commercialinterestbecauseofits improvedspecificstrength.
Thehigherthestrengthoftheinterfacebetweenthemetalmatrixandtheceramicparticlethehigherwill bethe
strengthof themetal-ceramiccomposite.We reporton thefirst resultsof ahighresolutionelectronmicroscopic
studyofsuchacompositemanufacturedby Billiton Research(Arnhem).ThecompositeconsistsofSiCparticles
in an#6061aluminiumalloy coldpressedfrompowderandsubsequentlyextruded.It hasbeeninvestigatedon
theAkashi002B transmissionelectronmicroscopefromOxfordUniversitywith atheoreticalstructuralresol-
utionof0.18nmat200kV. Itis imperativethatboththemetalmatrixandtheceramicparticlearemostaccurately
orientedin alow indexpoleandthat theinterfaceis parallelto theelectronbeamandsteplessperpendicularto
thatplane[1]. In figure 1 anexampleis givenin whichthebasalplaneof thehexagonalSiCparticleis aligned
parallelto the interface.Locally the(200)Al fringeswith aninterplanarspacingof 0.20nm areresolved.The
anglebetweentheseplanesandtheinterfaceis 54’. A possibleprefeffedorientationrelationshipthereforeis:
(000 1 )Si~//(111)Al;[2 11 O1SiC//( 1 1 OJAI.
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Fig. I (Left) Al/SiC composite in which the basal planeof a-SiC is parallel to the interface. The best resolved
planesin Al arethe (200)planeswith aninterplanardistanceof 0.20 nm andaninclination to the
interfaceof 54’.

Fig. 2 Al/SiC compositein whichthebasalplaneof a-SiCis notparallelto theinterface.Thebestresolved
planesin Al arethe(111)planeswith aninterplanardistanceof 0.23nmandan inclinationtothebasal
planeof70’.
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In thecaseof anon-parallelorientationasteppedinterfaceis observedasis depictedin figure2. Thebasalplar
is inclinedtotheinterfaceoveranangleof 30’. Clearlyvisibleon thismicrographarethe(11l)Al planeswhic
makeanangleof 40’ with theinterface.Thetotalangleof 70’ suggeststhefollowing orientationrelationshij
(0001)SiC//(l 1 1)Al;[2 11 0]SiC//[l 0 hAl with 5d111(Al)=d~01(SiC).
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Fig. 3 (Left) Both thebasalplaneof a-SiCandtheoctahedralplaneofAl arevisualizedby this sketchofa
atomiclayerwith only thelatticeparameterbeingdifferentfor both structures.

Fig. 4 Theunit cell of a-SiCwith thecharacteristicCABC’B’A’C stackingspanningadistanceof 1.5 nfl
ThelargespheresrepresentSi, thesmallonesC.

In bothcasesthebasalplanein SiC is parallelto a
octahedralplanein Al. In figure 3 wehavesketche
thoseplanesexhibitingatotal misfit of 6%. This
ratherlarge[2] andwill certainly give rise to tti

fonnationof dislocations,buttheyarenotresolve
in the micrographs.One should bear in mInt
however,that becauseof the largedielectric mi~
matchbetweenAl andSiCasignificantbindingca
be achieved even in incoherent boundarie

____________________________________ Nevertheless,good lattice matching will lead
smallerseparationsbetweentheAl andSiC atorr
andthereforeto an amplificationof theseimal
effects. So,epitaxialrelationsdo notprecludethi
from beingthepredominantbindingmechanism.
In figure 4 we showthe a-SiC unit cell. The dat
form thenecesaryinput for the EMS simulatio
programme[3]. In figure 5 we showsuchasimi
lation for an 15 nm thick slab of a SiC layer i
[2 11 0] orientationwith theinput parametersf
theAKASHIOO2B. ThecharacteristicCABC’B’A’

Fig.5 Simulationof a 15 nm thick a-SiC slabin stackingis well reproduced.
[2 11 0] orientationwith a defocusof 45 nm, a C,
value of 0.4 mm, adefocusspreadof 8 nm, anda
beamsemiconvergenceof 0.8mrad.
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