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As individual layers are reduced in thickness in a A/B multilayered thin film stack, pseudomorphic
phases can be stabilized. The stabilization of these phases is a result of the competition between the
volumetric and interfacial free energy.  Recently a classical thermodynamic model has been pro-
posed to model phase stability in such systems [1]. The total free energy per unit interfacial area,
∆g, is given as

∆g  = [∆G
A
f
A
 + ∆G

B
f
B
]λ + 2∆γ

where ∆G
i
 is the volumetric free energy difference between the pseudomorphic and bulk equilib-

rium states, fi is the volume fraction of i, λ is the bilayer thickness equal to the layer thickness of A
plus the layer thickness of B, and ∆γ is the interfacial free energy reduction between the pseudomor-
phic and bulk equilibrium interfaces.  Thus, volume fraction and λ act as two independent degrees
of freedom in stabilizing the pseudomorphic phase. A plot, referred to as a biphase diagram, of the
inverse bilayer thickness, λ-1, and the volume fraction, f

i
, can be used to map out regions of phase

stability. This provides a quick and convenient reference in which combinations of length scale and
volume fraction would stabilize either the bulk equilibrium phase or the pseudomorphic phase.
These phase stability plots have been referred to as biphase diagrams.

Lowe and Geballe [2] reported that Zr can under go a change in phase stability from hcp to bcc
when the bilayer spacing is reduced below 3.1 nm for an equal layer thickness specimen.  Based
upon the classical thermodynamic model, additional hcp to bcc phase stability should exist for Zr as
the volume fraction is varied. Using this data point as a reference, a series of Nb-rich volume
fraction multilayers were sputtered deposited. Plan-view electron diffraction confirmed additional
phase stability changes in the Zr layers. These have been plotted on the biphase diagram of Fig. 1.
A line intensity scan of the plan-view electron diffraction pattern of Fig. 2 revealed that upon a
change in phase stability, the Zr layer adopted a lattice parameter very similar to its high tempera-
ture bcc β-Zr phase indicated by the asymmetric {011} intensity profile [3]. Upon further reduction
in layer thickness for a fixed volume fraction, the bcc Zr / bcc Nb  interface became coherent.

Since Zr was stabilized as a pseudomorphic bcc phase in the Nb-rich volume fraction multilayer,
could a hcp Nb phase be stabilized for a Zr-rich volume fraction multilayer. A series of Zr-rich
volume fraction multilayers were sputtered deposited as shown in Fig. 1.  Plan-view electron dif-
fraction of multilayer #10 on Fig. 1 can be seen in Fig. 3. This diffraction pattern was consistently
indexed as two hcp phases [4]. The stabilization of the hcp Nb phase, similar to the bcc Zr phase, is
a result of the interfacial energy reduction. These phases have been confirmed by transmission x-ray
diffraction. This type of phase diagram provides a quick and convenient tool to scientists in model-
ing and predicting phase stability in multilayered thin films.
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Fig. 1 Biphase diagram for Zr/Nb multilayers [4].

Fig. 2 Plan-view electron diffraction of hcp-bcc
Phase stability in Zr for Zr/Nb multilayers [3].

Fig. 3 Plan-view electron diffraction of
hcp Zr/hcp Nb ( #10) [4].
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