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Abstract. By examining the structure of small clusters of self-interstitials in diamond using local-
density-functional techniques, we have developed models for the planar defects called platelets.
We present the structures, energies and vibrational properties.

Recently much progress has been made in the understanding of self-interstitials and their
aggregates in group IV materials. In diamond, the R2 and R1 S = 1 electron paramagnetic
resonance (EPR) centres have been conclusively assigned to the single, [001]-orientated split-
interstitial [ 1] and di-interstitial [2] respectively. A form of the tri-interstitial has been assigned
to the O3 EPR centre [3, 4]. Both complexes can be understood in terms of complexes of R2:
R1 is a reconstructed pair of [001] split-interstitials at nearest-neighbour sites whereas O3
possesses three [001] split-interstitials at next-nearest-neighbour locations (figure 1).

The structure of O3 points very clearly to the Humble [5S] model for a tetra-interstitial
which is completely reconstructed (i.e. there are no dangling bonds). The defect possesses a
considerable strain in the [001]-direction. This defect, shown in figure 1 has been identified
in silicon as the B3 EPR centre in the positive charge state [6]. However, Humble introduced
this model not as a point defect, but as a building block for the (001)-platelet seen in diamond.

Platelets are created during long-term, high-temperature annealing of nitrogen containing
diamonds and are a common flaw in natural diamonds. They are associated with a broad

Figure 1. Schematic of the O3 centre (middle) and the tetra-intersitial strucutre (right). The
dashed bonds indictate the reconstructions, which leave the grey atoms four-fold and the black
atoms three-fold coordinated. Also shown (left) is a section of pure lattice for comparison.
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luminescence band [7, 8] centred at 1.25 eV, which impairs the efficiency of optical windows
made from diamonds. They have attracted considerable attention in the past and many early
models (e.g. [9]) of their structure were based on nitrogen aggregates. However, EELS
studies [10] and the isotopic dependence of the B’ infrared-absorption associated with the
platelet [11] have cast doubt on the presence of a substantial amount of nitrogen in the
platelet and instead a model based on aggregated interstitials has been proposed. The most
recent favour a condensation of carbon interstitials onto a {001} plane [10]. As all bonds
are saturated, an array of I units, as suggested by Humble [5], and shown schematically in
figure 2(a), is expected to have particularly low energy. However, it is possible to switch
the bond reconstruction from one I4 unit to a neighbouring one with the requirement that each
reconstructed bond lies perpendicular to its neighbouring reconstructed bonds. Thus one of the
reconstructed bonds in figure 2 is broken and the atoms with dangling bonds form bonds with
neighbouring I, units. This leads to a plethora of possible models. One such model is shown
in figure 2(c). The presence of a C, [100] axis shows that the [110] and [110] projections are
equivalent, in conflict with recent transmission electron microscopy (TEM) studies [10]. These
models cannot then be fully correct. Figures 2(d) and (e) show sets of parallel bonded chains
along [110], and along with the model illustrated in figure 2(d) consisting of an alternating
arrangement of Humble I units, these are asymmetric between these projections. Any of
these is a possible model for a periodic platelet structure, although a combination of all these
topologies might well occur in practice [10].
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Figure 2. The proposed structures for the platelet. The grid represents the lattice of atom sites in a
(001) plane. Each site is occupied by [001]-split interstitial. The reconstuctions between adjacent
sites are indicated by the dark lines, and in models (a) and (b) correspond to the dark bonds in
figure 1. (a) is a regular array of tetra-interstitials, and (b) where they are staggered. (c)—(e) consist
of the [100]-chain, and the in- and anti-phase [110]-chains.

We have used a local-density-functional approach (supercell AIMPRO [13,12]) to
simulate these defects. The platelets are modelled using unit cells consisting of sixteen (001)
layers of atoms, with 4, 8 or 16 atoms per plane depending on the periodicity of the platelet
model. The calculations have been performed using the Monkhorst—Pack [14] scheme of k-
points with a 23 mesh of points. Formation energies per interstitial, £/, can be calculated
using the formula E/ = (Epjaeler — nEc)/N, where Epjaelet is the total energy of the platelet
supercell containing n atoms and N interstitials, and Ec being the energy per atom of pure
diamond.

E/ varies by around 0.5 eV between the models, as listed in table 1. The lowest energy
structure is that shown figure 2(a) which does not reflect the asymmetry of the (011) and
(011) directions observed experimentally. We note that the formation energy per interstitial
is reduced further if the volume of the platelet unit cell is allowed to relax (table 1). This
leads to a value of around 1 eV per interstitial which is dramatically lower than the formation
energy for the isolated interstitial at around 12 eV. Importantly the alternating squares model
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Figure 3. Phonon bands of bulk diamond projected on the (001) plane (hashed area) and high-
energy phonon modes localized in the (001) plane of the platelet shown in figure 2(a) (solid lines).
The phonon dispersion is shown in the [110] (K/2-T")) and [100] (I"-X) directions in the folded
Brillouin zone.

Table 1. Formation energies per interstitial (eV) for the various platelet models (figure 2) for the
bulk lattice constant and for the relaxed unit cell. Also, for each model the dilation of the lattice in
units of ag are reported.

Model
(a) (b) (©) (d) (e

Bulk lattice constant ~ 3.58  3.69 4.01 3.82 3.75
Relaxed unit cell 1.04 090 127 120 1.14

Lattice dilation 044 039 038 041 042

(figure 2(b)) now has the lowest formation energy per interstitial, and this model possesses the
experimentally observed asymmetry. However, we note that our calculations neglect processes
relating to the nucleation process of the platelets and the strain at the platelet boundaries which
might further affect the formation energy.

The TEM studies [15] have shown that the platelet leads to a displacement of {100} planes
by 0.4 ay although displacements as low as 0.33 a( have been reported for smaller platelets [16].
For 14, we find that the displacement is 0.34 a, with the value increasing to 0.38 to 0.44 a
for the relaxed platelet models. In addition, the calculated infra-red active vibrational modes
of I, at 1349, 1362, 1401, 1420, 1421 and 1569 cm~! are in reasonable agreement with bands
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Figure 4. Plot of the Kohn—Sham eigenvalues for (a) a pure diamond unit cell, and (b) the relaxed
structure illustrated in figure 2(b).

at 1372, 1426, and possibly 1520 and 1540 cm™!, assigned to platelets [17].

The actual position of the 1372 cm™! (B’) band varies between platelets, but is always
present. The peak position shifts from higher frequency with smaller platelets to lower
frequency with the larger platelets, consistent with the view that the peak position is dictated
by the amount of strain relaxation in the region of the planar defect. In figure 3, we compare
the phonon modes of bulk diamond with the vibrational modes of an infinitely-extended (001)
platelet with the Humble 14 structures (figure 2(a)), although all of the structures studied are
broadly similar. All vibrational modes are calculated using a Musgrave—Pople potential for
bulk diamond [18]. We find a collection of vibrational modes localized in the neighbourhood of
the platelet above the Raman edge of bulk diamond, consistent with the B’ band. The frequency
is dependent on the amount of relaxation, consistent with the size dependence observed by
experiment.

Thus we conclude that platelets can be viewed as being formed from aggregates of 1.
These models are consistent with TEM and infra-red absorption measurements. As can be
seen from figure 4, which is typical of all the models examined, there is no evidence of gap
states for these periodic systems. However, defects in these models, such as impurities (e.g. N)
or disorder would tend to introduce dangling bond states where optical transitions and/or the
high fregency local modes might be generated. Further work is needed to quantify the effects
of impurities in the idealized platelet structure.
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