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Abstract
Interface structure is a basic problem in interface and surface science. It is usually indicated by
atomic positions for an ideal interface. But this way is sometimes unsuitable for a mismatch
interface, because there are too many atoms under consideration, whose coordinates may
confuse our mind in understanding the interface structure. In this case, a ‘dislocation
representation’ is introduced. A misfit dislocation network is used as an effective representation
of the interface structure. However, there are two questions on this topic. How to determine the
dislocation network structure? And how to relate it to interface dynamics? In this paper, we
work on the first question and make an effort to build up the ‘dislocation representation’ for
metal/Al2O3 interfaces.

(Some figures in this article are in colour only in the electronic version)

1. Introduction

The metal/oxide interface is an important issue in surface
and interface science. It has many applications in catalysts,
composite materials, metal–ceramic sensors, etc [1–4], and
so it attracts attention. The interface structure, adhesion,
segregation, wetting and misfit dislocation are most widely
studied topics [5–7], usually by ab initio and atomistic
methods [8–13].

In this work, we are interested in (Ag, Au and Cu)/Al2O3

(0001) interfaces and on their characterization method. For
an ideal interface, an ‘atomic representation’ is used. The
interface structure is confirmed by atomic positions. But for
a mismatch interface, this way is sometimes unsuitable, as the
effective interface area is quite large. So we use a ‘dislocation
representation’, and take a dislocation network (DN) as the
basic frame for interface structure, instead of specific atomic
configurations.

In previous works, we have already studied the Ni/Al2O3

interface on the DN’s structure [14, 15]. The present work also
includes this topic, but goes far beyond it. Misfit dislocation is
considered in a new way—the ‘dislocation representation’.

For misfit dislocation, the Burgers vector is an important
issue. Usually, it is equal to the smallest lattice vector. In bcc-

Table 1. Lattice constants and misfits of (Ag, Au and Cu)/Al2O3

interfaces, where aM is from theoretical calculation in this work, and
aAl2O3 and cAl2O3 are experimental values [23].

aM (Å) γ0

Ag 4.141 −6.16%
Au 4.168 −6.77%
Cu 3.626 7.16%
Al2O3 aAl2O3 = 4.759 Å, cAl2O3 = 12.989 Å

metal/Al2O3(0001) interfaces, it is aM
2 [111] [16, 17], where aM

is the lattice constant (M = Ag, Au or Cu), see table 1. But
in fcc-metal/Al2O3(0001) interfaces of interest in this work,
it can be aM

2 [11̄0] and aM
2 [01̄1̄] in principle. The former one

is parallel to the interface and the latter one is not parallel. In
experiments, just aM

2 [11̄0] has been reported for Cu/Al2O3 [18].
But following the bcc-metal/Al2O3’s result, aM

2 [01̄1̄] is also
considered in this work.

Now, let us present some background information on these
interfaces. First, the misfit across the interface is

γ0 =
√

2
3 aAl2O3 − aM

aM
(1)
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Table 2. Potential parameters of �Ag−O, �Ag−Al, �Au−O, �Au−Al, �Cu−O and �Cu−Al.

D0 R0 a1 b1 c1 a2 b2 c2 a3 b3 c3

(eV) (Å) y (eV) (Å
−1

) (Å) (eV) (Å
−1

) (Å) (eV) (Å
−1

) (Å)

�Ag−O 103.63 1.00 1.75 −44.25 3.08 1.47 −24.77 1.86 2.11 3.50 2.26 2.62
�Ag−Al 5.55 1.00 1.61 −24.27 2.43 1.85 63.38 2.28 1.38 −0.41 2.19 3.59
�Au−O 125.36 1.00 2.17 −101.23 2.31 1.23 −1.04 1.89 2.88 3.18 1.73 1.79
�Au−Al 72.31 1.00 2.20 −32.57 1.69 1.47 0.38 3.22 2.98 24.01 1.47 0.99
�Cu−O 61.24 1.00 1.86 −64.36 2.13 1.34 6.66 2.48 1.87 −0.33 1.73 3.27
�Cu−Al 181.76 1.00 2.93 −60.05 2.33 1.46 −29.71 7.75 1.45 11.01 2.48 2.10

where aAl2O3 is the lattice constant of Al2O3, also listed
in table 1. Note that γ0 is positive for Cu/Al2O3

and negative for (Ag and Au)/Al2O3. This may lead
to different structural and energetic properties on misfit
dislocations. Then, Cu/Al2O3 is widely studied in
experiments [18, 19], while (Ag and Au)/Al2O3 are limited in
theoretical calculations [20–22]. In our mind, the former one
can suggest some experimental checks and the latter two are
predictions.

The following work consists of four parts. First, in
section 2, we introduce the interatomic potentials for atomistic
simulation. Then, in section 3, an ideal interface is studied
by using the ‘atomic representation’. Next, in section 4, the
misfit dislocation is considered for the mismatch interface.
The dislocation structure, position, energy and Burgers vector
are calculated, resulting in the ‘dislocation representation’.
Finally, section 5 is the conclusion.

2. Interatomic potentials

The interatomic potential is a prerequisite for all kinds
of atomistic simulations. Its determination is usually a
challenging problem. In previous works, we have used a Chen–
Möbius inversion method to get a series of parameter-free
potentials, and checked them over a wide range [14, 24–26].
Now, we use them again for advanced studies.

In general, metal/alumina interfaces contain three kinds
of atomic interactions: metal–metal, alumina–alumina and
metal–alumina pairs. The former two are inner bulk materials
and the latter one is across the interface. Each of them is
introduced below.

First, metal–metal potentials have been presented in our
previous work [27], so we do not say anymore here. Then,
metal–alumina potentials are obtained by the inversion method
mentioned above [14]. A series of checks show that they
are quite applicable for Al-terminated interfaces, but not O-
terminated interfaces. So we just consider Al-terminated cases
in this work (or briefly, M/(Al2O3)Al, M = Ag, Au and Cu).
The potential function is of the Rahman–Stillinger–Lemberg
form:

� = D0ey(1− r
R0

)+ a1

1 + eb1(r−c1)
+ a2

1 + eb2(r−c2)
+ a3

1 + eb3(r−c3)
.

(2)
The potential parameters are listed in table 2

Finally, alumina–alumina potentials are ignored in this
work because all the potentials we have found for Al2O3 cannot
keep a stable Al-terminated interface. It always changes to an

Table 3. Lattice energy parameters and surface energies of Ag, Au
and Cu, obtained by atomistic calculations.

ε0 ε2 ε3 σ

(eV) (eV) (eV) (eV Å
−2

)

Ag −2.80 28.30 −98.88 0.17
Au −3.24 42.96 −198.19 0.15
Cu −3.82 26.79 −99.81 0.34

O-terminated one after atomic relaxation. In this condition, we
take Al2O3 as a rigid body and ignore its inner interactions. It
is surely a primary approximation for atomistic simulation, but
sometimes reasonable, as Al2O3 is more rigid than metal. In
particular, fixing the Al2O3 body can greatly reduce the free
variables in calculation and helps us go to a large scale.

3. Ideal interface

Now, we are going to study an ideal interface. As we have
mentioned above, ‘atomic representation’ is used in this section
by considering atomic positions. The preferred interface
structure is picked out from a series of possible cases by the
lowest energy principle. Atomistic calculations are performed
by the Cerius2 program [28].

Before the main part, some important issues are presented.
First, the total energy of an interface system contains many
parts, including surface energy, interface energy, lattice energy,
etc. The interface energy is obtained by subtracting all the
other parts from the total energy:

σM/Al2O3 = Etotal − nε

S
− σ (3)

where Etotal is total energy, σ and ε are surface and lattice
energies of metal layers, and n is the number of metal atoms.
Note that Al2O3 is a rigid body, and has no energy term.
Otherwise, the interface is built up by putting metal layers
on Al2O3, resulting in an extra metal surface on the top side.
So surface energy is taken into account. Its value is listed in
table 3.

As we see, σM/Al2O3 is obtained by subtracting lattice and
surface energies from the total energy. For an ideal interface,
it is just the interface energy (see table 5). But if misfit
dislocation is taken into account (as we will do in section 4),
the result contains both the interface energy and dislocation
energy. So for distinction, we use σ ′

M/Al2O3
instead of σM/Al2O3

in this case. There is a relation

σ ′
M/Al2O3

= σM/Al2O3 + ρedis (4)

2
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Figure 1. Some possible structures for ideal interface. (a) The first layer is reconstructed. (b)–(d) There are 1
3 – 4

3 translation layers.

Figure 2. Optimized structure of Ag/Al2O3.

where edis is dislocation energy per unit length and ρ is
dislocation density, which is equal to the length of dislocation
lines (DLs) in unit area.

To our mind, misfit dislocation is also a kind of interface
relaxation. It concentrates misfits to DLs and makes other
parts coherent. So σ ′

M/Al2O3
is a generalized interface energy

for the mismatch interface, while σM/Al2O3 is just for the ideal
interface, although both of them are calculated by the same
formula (4).

Second, lattice energy ε is a variable of metal deformation
in this work, which is determined by misfit strain. As we
known, misfit dislocations can reduce this strain, but it always
remains a little. For quantitative evaluation, we define a
residual misfit

γ = γ0 − 1
2ρb⊥ (5)

where b is the Burgers vector and b⊥ is its normal component
to the DL. Usually, the ± of b⊥ is consistent with γ0, to make
|γ | < |γ0|. So for (Ag and Au)/Al2O3, b⊥ < 0, and for
Cu/Al2O3, b⊥ > 0. In particular, if γ = 0, the metal part
is undeformed and ε achieves its lowest value. We can get
dε
dγ

|γ=0 = 0.
Based on the above discussions, ε is a function of γ . It

can be written as a Taylor expansion:

ε = ε0 + ε2γ
2 + ε3γ

3 (6)

Table 4. The values of d1, d2 and d3 for (Ag, Au and Cu)/Al2O3.

d1 (Å) d2 (Å) d3 (Å)

Ag/Al2O3 1.06 1.24 3.65
Au/Al2O3 1.09 1.27 3.67
Cu/Al2O3 0.54 0.85 2.78

where ε0, ε2 and ε3 are undetermined parameters. The first-
order term is ignored, because dε

dγ
|γ=0 = 0. In principle, ε0 is

equal to sublimation heat, ε2 is related to second-order elastic
constants and ε3 is related to third-order elastic constants. For
convenience, we use atomistic calculations to get all of them,
as listed in table 3. Note that ε3 is always negative. It means
metals are easy to stretch than to compress.

Now, let us proceed to the main part of this section—
the optimized structure of (Ag, Au and Cu)/Al2O3 interfaces.
For this purpose, we consider a series of possible structures
with different kinds of reconstruction or translation layers
on the interface, as shown in figure 1. Among them,
figure 1(a) follows Ni/Al2O3’s result in [15], which contains
a reconstructed layer. Then figures 1(b)–(d) have 1

3 to 4
3

translation layers.

Atomistic calculations show that figure 1(c) has the lowest
interface energy (see figure 2 of its optimized structure). The
2
3 metal layer mixes with the Al-terminated layer and forms a
new translation layer. For the discussion, Al in Al2O3 is much
sparser than it is in pure metal. So there are many vacancies
between Al ions. In bulk Al2O3, they are filled by O ions. But
on the Al-terminated interface, they can just be filled by metal
atoms, resulting in a mixed layer.

In summary, the three interfaces (Ag, Au and Cu)/Al2O3

have a similar optimized structure, just different in geometric
parameters, as illustrated in figure 2. There are three
parameters for this geometry: d1, d2 and d3. Among them, d1

and d2 are vertical distances between metal atoms and Al ions
in the mixed layer and d3 is the distance between the mixed
layer and the next metal layer. Table 4 shows their values. As
d3 is much larger than d1 and d2, the first 2

3 metal layer and the
Al-terminated layer are close enough to form a new translation
layer.

3
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Figure 3. Possible structures for mismatch interface. (a) b ⊥ DL, (b) b ⊥\ DL, (c) b ‖\ Al2O3(0001).

Table 5. The values of σM/Al2O3 and edis for (Ag, Au and Cu)/Al2O3

interfaces.

edis σM/Al2O3

b (eV Å
−1

) (eV Å
−2

)

Ag/Al2O3 b ⊥ DL aM
2 [11̄0] −1.3892 0.1442

b ⊥\ DL aM
2 [11̄0] −0.2396 0.1229

Au/Al2O3 b ⊥ DL aM
2 [11̄0] −1.5099 0.1814

b ⊥\ DL aM
2 [11̄0] −0.1915 0.1412

Cu/Al2O3 b ⊥ DL aM
6 [21̄1̄] 1.0061 0.0150

b ⊥\ DL aM
2 [11̄0] 0.6655 −0.0022

4. Mismatch interface

In section 3, the ideal interface has been studied. It is quite
simple, because we just need to consider a small interface
area. Now, the mismatch interface is taken into account. A
large interface area makes it sometimes complex. So ‘atomic
representation’ is unsuitable. In this section, we choose another
way to achieve the interface structure, called the ‘dislocation
representation’. Atomistic calculations also use the Cerius2

program [28].

4.1. Methodology

As we have mentioned in section 1, the Burgers vector in
the fcc-metal/Al2O3 interface is more complex than in bcc-
metal/Al2O3. It can be aM

2 [11̄0] or aM
2 [01̄1̄]. The former is

parallel to the interface (b ‖ Al2O3(0001)), but the latter one is
not parallel (b ‖\ Al2O3(0001)).

For the multiplicity of the Burgers vector, we consider
three kinds of interface configurations, as shown in figure 3.
Among them, figures 3(a) and (c) have a n±1:n ratio across the
mismatch plane and figure 3(b) has a n2 ±n+1:n2 ratio, where
± is for positive or negative misfit. The latter one includes a
small angle between M[11̄0] and Al2O3[112̄0], as shown in (7).
By the way, figure 3(a) is b ⊥ DL, figure 3(b) is b ⊥\ DL and

figure 3(c) is b ‖\ Al2O3(0001).

θ = arcsin

√
3

2n
. (7)

Then let us consider the possible DNs and Burgers vectors
for the above interfaces. First of all, figures 3(b) and (c) just
have a unique DN in trigonal structure, with b = aM

2 [11̄0]
and aM

2 [01̄1̄], respectively, as illustrated in figures 4(b) and (c).
Then, figure 3(a)’s DN can be hexagonal or trigonal, with
b = aM

2 [11̄0] or aM
6 [21̄1̄], see figures 4(a.1) and (a.2). In

particular, figure 4(a.2) has stacking faults on the interface,
which has been shown in Ernst’s review [29].

4.2. Dislocation position

Now, we pay attention to dislocation position (P). In this
work, it is equal to the mismatch plane’s position in the initial
model, as illustrated in figure 3(a) for the case of P = 1. In
general, there are two tendencies for P . First, misfit dislocation
can relax misfit strain and P − 1 is equal to the number of
unrelaxed monolayers (MLs). So P tends to 1 to reduce the
strain energy. Second, the interface effect can change the
dislocation structure, and may get a larger dislocation energy
than in bulk metal. So P may tend to ∞ to reduce this energy
term. Considering these opposite parts, we perform some
calculations.

First of all, we prove that the interface structure in
figure 3(c) (b ‖\ Al2O3(0001)) cannot be stable in atomic relax-
ation, as shown in figure 5. It becomes confusing after energy
optimization, no matter (Ag, Au and Cu)/Al2O3. However,
this is different from bcc-metal/Al2O3(0001) [16, 17], in which
only b can be aM

2 [11̄0], not parallel to the interface plane. So
in the following work, we just consider figures 3(a) and (b) as
possible structures.

Then, we use the lowest energy principle to determine P .
Due to the modeling method in figure 3, the number of metal
atoms (n) is changed for dislocation at different layers. So in
order to evaluate P , the energy term associated with n must be

4
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Figure 4. Possible Burgers vectors and DNs for figures 3(a)–(c).

Figure 5. Atomic relaxation of Ag/Al2O3 in figure 3(c), P = 4.

subtracted from the total energy, just as we have done in (3). It
means that the generalized interface energy σ ′

M/Al2O3
from (3)

can be used as the criterion in this subsection.
As a result, we get σ ′

M/Al2O3
after atomic relax-

ation, as shown in figure 6. The calculation covers
(Ag, Au and Cu)/Al2O3, for P = 1–5. It shows P = 1 is
the lowest energy position, no matter b ⊥ DL or b ⊥\ DL.

4.3. Dislocation network

The purpose of this subsection is to determine the DN from
figures 4(a.1) and (a.2) at b ⊥ DL. For b ⊥\ DL, the DN is
unique, not considered now.

From the above discussions, (Ag, Au and Cu)/Al2O3 have
a translation layer on the interface, so we cannot find a Burgers
circuit across the interface to confirm the DL. In order to get
the DN, strain distribution is taken into account, just as we
have done before [15]. In this view, the DN occupies the
strain concentration area, and the other parts are the interface
coherent area.

0.30

0.25

0.20

0.15

0.10

1 2 3 4 5
P

Figure 6. σ ′
M/Al2O3

for (Ag, Au and Cu)/Al2O3, P = 1–5.

Figure 7 displays the calculated strain distribution on
(Ag and Cu)/Al2O3 interfaces, indicated by M–M distances
(M = Ag and Cu now). Au/Al2O3 is ignored because it is
similar to Ag/Al2O3.

5
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Figure 7. M–M distance distribution on (a) Ag/Al2O3 and
(b) Cu/Al2O3 interfaces.

As a result, we see that in the case of b ⊥ DL, the DN is
hexagonal for Ag/Al2O3 (also for Au/Al2O3, in figure 4(a.1))
and trigonal for Cu/Al2O3 (in figure 4(a.2)), with b = aM

2 [11̄0]
and aM

6 [21̄1̄].

4.4. Dislocation energy and density

As dislocation position and network have been confirmed, we
now pay attention to dislocation energy edis. From (4), it is a
part of the generalized interface energy σ ′

M/Al2O3
. As the latter

is available in atomistic calculations (by using (3)), edis can be
fitted from the σ ′

M/Al2O3
versus ρ curve, as shown in figure 8.

From this figure, the good linearity between σ ′
M/Al2O3

and ρ

proves that (4) is reasonable.
Resultant values of σM/Al2O3 and edis are listed in table 5. It

is worth noting that edis is negative for (Ag and Au)/Al2O3 and
positive for Cu/Al2O3, which is consistent with the misfit (in
table 1). In general, dislocation is a line defect in materials. It
induces lattice distortion, so increases the total energy. In this
view, dislocation energy is positive in bulk metals. But on the
interface it can be negative in some cases.

For a discussion, note that the DN is a kind of interface
relaxation and dislocation energy is included in σ ′

M/Al2O3

(see (4)). We use a variable

δγ =
√

2
3 aAl2O3 − a′

M

aM
(8)

to denote this relaxation, where a′
M is the distorted lattice

constant. Obviously, δγ tends to 0 on the coherent area.
Due to the definition of Burgers vector, we can get

∫

S
δγ dS = − 1

2ρb⊥ (9)

0.04 0.05 0.06 0.07 0.08

0.09

0.08

0.07

0.06

0.05

0.04

0.03

Figure 8. The σ ′
M/Al2O3

versus ρ curve for Ag/Al2O3 interface in the
case of b ⊥ DL.

where S is the interface area and b⊥ has been mentioned
in (5).

As Al2O3 is a rigid body now, interface relaxation is
limited on the metal side. So dislocation energy is an integral
of the surface relaxation energy (δσ ) on M(111) (M = Ag, Au
or Cu):

edis = 1

ρ

∫

S
δσ dS. (10)

Following the lattice energy’s formula (6), δσ can also be
written as

δσ = σ2δγ
2 + σ3δγ

3. (11)

Obviously, surface energy parameters σ2 and σ3 are
proportional to lattice energy parameters ε2 and ε3 (in table 3)
in a certain way, although their scale factors are unequal. So
σ2 is positive and σ3 is negative.

As we have mentioned in section 3, b⊥ and γ0 (misfit
across interface) are in the same ±. From (9), δγ and γ0 are on
opposite ±.

Then, substituting (11) into (10), we get

edis = 1

ρ
σ2

∫

S
δγ 2 dS + 1

ρ
σ3

∫

S
δγ 3 dS. (12)

As σ2 > 0 and σ3 < 0, there are σ2
∫

S δγ 2 dS > 0 and
σ3

∫
S δγ 3 dS ≷ 0 at γ0 ≷ 0. Considering the two terms, edis is

always positive at γ0 > 0, but can be negative at γ0 < 0. The
latter includes (Ag and Au)/Al2O3 interfaces.

Based on the above discussions, we are going to calculate
dislocation density ρ. Just like for dislocation position, it is
also determined by the lowest energy principle. From (3), the
total energy is

Etotal = S(ρedis + σM/Al2O3 + σ) + nε. (13)

In principle, the target ρ is obtained at min{Etotal}, or in
derivative form

d

dρ
Etotal = 0. (14)

For the derivation, let us use L as the number of metal
MLs and 	S as the area per atom on the interface (which is

6
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Table 6. The values of ρ, σ ′
M/Al2O3

and θ at L → ∞.

b ρ (Å
−1

)

σ ′
M/Al2O3

(eV Å
−2

) θ (deg)

Ag/Al2O3 b ⊥ DL aM
2 [11̄0] 0.0421 0.0857 —

b ⊥\ DL aM
2 [11̄0] 0.0486 0.1113 2.0381

Au/Al2O3 b ⊥ DL aM
2 [11̄0] 0.0459 0.1120 —

b ⊥\ DL aM
2 [11̄0] 0.0530 0.1310 2.2401

Cu/Al2O3 b ⊥ DL aM
6 [21̄1̄] 0.0967 0.2023 —

b ⊥\ DL aM
2 [11̄0] 0.0645 0.0407 2.3692

equal to 	S = a2
Al2O3

2
√

3
= 6.54 Å

2
). There is a relation

S

n
= 	S

L
. (15)

Substituting (4)–(6) and (15) into (13), we get

d

dρ
Etotal = Sedis + n

dε

dρ

= SL

	S

(
3ε3γ

2 dγ

dρ
+ 2ε2γ

dγ

dρ
+ edis	S

L

)

= SL

	S

(
−3

2
b⊥ε3γ

2 − b⊥ε2γ + edis	S

L

)
. (16)

Considering (14), a quadratic equation is obtained:

3

2
b⊥ε3γ

2 + b⊥ε2γ − edis	S

L
= 0. (17)

Note that ρ does not appear in this equation. It is included
in the residual misfit γ , as shown in (5). The method is to
calculate γ by (17) and calculate ρ from γ via (5).

By the way, (17) shows γ is dependent on L. It means that
dislocation density is dependent on the number of metal MLs.
This is a very interesting result and needs more discussion.

First, let us pay attention to the ultimate condition at
L → ∞. In this case, (17) changes to

3
2 b⊥ε3γ

2 + b⊥ε2γ = 0. (18)

The reasonable solution is γ = 0, so ρ = 2 γ0

b⊥ . Generalized
interface energy σ ′

M/Al2O3
and epitaxial angle θ are also

calculated, as listed in table 6.
Considering the values of σ ′

M/Al2O3
, the energy-preferred

Burgers vector is aM
2 [11̄0] for all three interfaces. The DN

is hexagonal for (Ag and Au)/Al2O3 (b ⊥ DL, figure 4(a.1))
and trigonal for Cu/Al2O3 (b ⊥\ DL, figure 4(b)). In particular,
there is a small angle 2.3692◦ between Cu[11̄0] and
Al2O3[112̄0].

However, table 6 is at L → ∞, but the results about
the Burgers vector and DN are not limited in this ultimate
condition. A series of checks show that, for L from 5 to
100 MLs, b ⊥ DL is always preferred for (Ag and Au)/Al2O3

and b ⊥\ DL is preferred for Cu/Al2O3.
Next, we calculated ρ at L < ∞, based on the above

results. Figure 9 shows that the ρ versus L curves are
descending for (Ag and Au)/Al2O3 and rising for Cu/Al2O3.

0 20 40 60 80 100

0.064

0.060

0.052

0.056

0.048

0.044

Figure 9. ρ versus L curves for (Ag, Au and Cu)/Al2O3 interfaces,
at the energy-preferred Burgers vector and DN.

4.5. Discussion

An important issue mentioned above is that dislocation energy
is negative for (Ag and Au)/Al2O3. This originates from the
third-order term in (11), related to the argument ‘metals are
easier to stretch than to compress’. It leads to some interesting
results.

First, as we know, in most mismatch interfaces, there is
a critical thickness for supported films. Below this thickness,
the interface is coherent, without misfit dislocation. But for
(Ag and Au)/Al2O3, we have proved that there is no such kind
of critical thickness. The negative edis calls for DLs, so even
the metal film is quite thin.

Second, for (Ag and Au)/Al2O3, dislocation density is
quite large if the metal film is thin enough (see figure 9). As edis

is negative, generalized interface energy σ ′
M/Al2O3

(=σM/Al2O3 +
ρedis, from (4)), is also negative at this condition. This is very
interesting. Because interface energy is usually positive, to
get the smallest interface area resulted in an interface plane.
But σ ′

M/Al2O3
< 0 can destroy this plane, instead by a rough

dentation structure. In our mind, this may be why Ag and Au
films cannot grow epitaxially on Al2O3 in experiments.

5. Conclusion

In this work, we use the atomistic calculation method to study
(Ag, Au and Cu)/(Al2O3(0001))Al interfaces. The purpose is
to understand interface structure in ‘atomic representation’ and
‘dislocation representation’. As a main advantage, we prove
that the DN can give a reasonable description of the mismatch
interface’s structure. A series of interesting results is obtained.

First, all three interfaces have a mixed translation layer,
consisting of a 1

3 Al layer and 2
3 metal layer.

Second, the DL is above this translation layer. Its Burgers
vector is aM

2 [11̄0]. The DN is hexagonal in (Ag and Au)/Al2O3

(b ⊥ DL) and trigonal in Cu/Al2O3 (b ⊥\ DL). In
particular, there is a small angle 2.3692◦ between Cu[11̄0] and
Al2O3[112̄0].

Third, dislocation energy is negative for (Ag and Au)/
Al2O3 and positive for Cu/Al2O3. The former one can lead to

7
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negative interface energy in some cases. At this condition, the
interface area tends to enlarge, resulting in a rough dentation
structure. This may be why Ag and Au epitaxial films have not
been found on Al2O3(0001).
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