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Interfacial thermodynamics and impurity effects on
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Abstract: Based on the first-principles study, the effects of temperature, interfacial stoichiometry, Al activity, O activity
and impurity segregation on the internally oxidized Cu/Al,O; interface were studied. The calculated interfacial phase
diagrams and corresponding energetics suggest that, the equilibrium interface structure varies with the ambient; the O-rich
type interface, followed by the Al-rich type, has significantly stronger adhesion than its stoichiometric counterpart.
Impurity S strongly segregates to Al-rich and stoichiometric type interfaces, degrades the adhesion (up to about 65%) and
also reduces the size stability of alumina particles in Cu, while the O-rich interface is immunized from S segregation. P, as
another common impurity in Cu, has a limited capability to segregate to the Al-rich and the stoichiometric interfaces, but
it can segregate to the O-rich interface and reduce the adhesion seriously.
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Fig. 2 Side views and top views of stable interface structures of Cu(111)(110)//a-Al,05(0001)(1010) after full relaxations: (a)

Stoichiometric termination with O-top coordination; (b) O-termination with hollow coordination; (c) Al,-termination with hollow

coordination (Calculated work of separations, W, between interfacial layers are marked on side)
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Fig. 3 Relationships among calculated interface energies and

Al activity (a;) and oxygen partial pressure (po,) at 1 223 K
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Fig. 8 Predicted atomic structures and W, for Al-rich (a), stoichiometric (b) and O-rich interfaces (c) under 1/3 monolayer (ML)

coverage of segregated impurities (Here, Cu, O, Al, S and P atoms are represented in blue, red, green, yellow and purple,

respectively)
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Fig. 9 Valence electron density contours: (a) Clean O-rich interface; (b) Clean Al-rich interface; (c) Clean stoichiometric interface;

(d) Stoichiometric interface containing segregated S (S;) at 1/3 ML coverage; (e) Stoichiometric interface containing segregated S

(Scy) at 1/3 ML coverage; (f) Stoichiometric interface containing segregated P (Pc,) at 1/3 ML coverage; (g) O-rich interface

containing segregated P (P) at 1/3 ML coverage
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