ISBN 963 481 623 1
Acta Phys. et. Chem Szeged 33 3-10 (1987) -

—

CHANGE CAUSED IN CHARGE DENSITY CF S$i BY A
HEXAGONAL SITE SELF-INTERSTITIAL

By

G. PAFP1, P. BOGUSLAHSKI2 ana A.'SALDERESCHI3

! Department of ‘Theoretical Physics, Jdzsef Attila University
Szeged, Aradi vértanuk tere 1., Hungary

2 Institute of Physics, Polish Academy of Sciences, Warsaw,
'Poland -

’

3 Institut de Physique Appllquée, Ecole Polytechn1que Federale,
Lausanne, Switzerland

Istituto di Fisica Teoretica, Universiti di T:ieste, Italy
(Recetived 26 April 1987) '

The electronic charge density of a self-interstitial at a hexagonal site
in' $1 is investigated. From the results it can be established that the
charge density around the self-interstitial atom is metallic-like and the
nearest-neighbour bonds are weakened.

Silicon self-interstitials are poorly understooca in com-
parison with other defects (substitutionals or vacancies, fcr
example) . Though vacancies anG interstitials should be created
in equal numbers by irraaiation, cnly vacancies are observed.
There is no experimental eviaence for the existence of self-
-interstitials. however, to understand other interstitial im-
purities, it is instructive to study self-interstitials.

In this paper we present results on the chénge causeG in
the charge aensity of silicon by a selt-interstitial at a

hexagyonal site.



We calculated the electronic structure by using the seli-
-consistent pseudopotential electron-energy approach [1],
with the Appelbaum-Hamann soft-core pseudopotential [2]. In
this momentum-space tormulation, supercells are usec to modell
the interstitial [3]. The supercell contains sixteen host
atoms and a nearest-neighbour - interstitial distance of'7.6 A.
In our calculations a plane wave basis set (about 700 plane
wa es) was treated. When this approach is used for pure sili-
con test‘calculations, the results are in gooa agreement with
those obtained by more sophisticated methods.

' Let us now proceea to the results. In order to examine
the nature of the self-interstitial - lattice bonainy, in Fig.
1 we sﬁow contour plots of the total valence charge density
obtaineda from ocur calculations. '
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Figure 1£ Self-consistent valence charge density contour plot
in two different planes: (110) rlane (left panel),
(111) plane (right panel).

The planes shown are the (110) plane, containing a zigzag
chain of atoms (the dark circles) and the self-intersitial
(star), and the (111) plane, showing the hexagonal environment.
Bonding between the interstitial and the nearest-neighbour
‘atoms is:evident, but the charge density accumulation around



the impurity is rather metallic-like. There is a remarkably
constant-density region (no contour in the (111) planef near
the Si self-interstitidl atom.
Figure 2 shows the Ap(;),
contour plot for the:(110)
plane.‘”Ap(;)_ié defined by

Ap (?)=9D(-;) —pP(;)‘, .

where pD(;) is the charge
density of silicon contain=
ing an extra atom,Aénd
pP(;) isvthelpure silicon
charge density. ‘

Figure 2: Contour plot of
valence charge density dif-

ference in (110) plane,

The grey part of Fig. 2 1is négative ana the remainder is
positive. Indifferently, the nearest-neighbour bonds are
weakened. - .

As we haJe shown earlier [4,5], a hexagnal site self-
interstitial produces three main impurity-related states up
to the bottom of the conduction band: a hyperceep state below
the valence band, an s-like resonance in the valence band,
and a pz-like bounda state in_the gap near the top of the va-
lence band. The charge density contour plots in the (110)
plane are éhown for these stateé in Fig. 3: the hyperaeep
state (panel C), the s-like resonance (panel A) andAthe P,-
like state (panel B). It can be seen from Fig. 3 that the
hypefdeep state and the pz-like state are well localized a-
round the impurity while the resonance state involves charge .



on the nearest
neighbours too.

N

Figure 3: Contour plots of impurity~related states in (110)

plane: resonance state (panel A); pz—like state

(panel B); hyperdeep state (panel C).

For the analysis, we decomposea the impurity-related

wavefunctions:

W=EVW+PCW=WV+W

—

C

where P and P_ are the projectors onto the valence and con-

auction subspaces, respectively, of perfect Si. In all cases

we found that ¥, consists essentially of host crystal bond-

ing orbitals, and Yo corresponds to atomic orbitals of the



self-interstitial ortho-
gonalized to the whole
valence states. These~re—
sults are shown by Figs. 4
ana 5 for the hyperdeep
state and resonance state
in the'(211) plane. For
the hyperdeep state, con-
tributions from the

valence bands aominate,

while for the resonance
state the effect of the

Figure 4: Electron density contour in the (211) plane of
the hyperdeep state (top panel), and its projec-
“tion onto the valence (left panel) ana the con-
Guction (right panel) states of perfect Si. Con-
tour values are given in units of one electron/Si
unit cell. The self-interstitial and host atoms
are indicated by an asterisk and dots, respec-

tively.
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conduction band is narked. As regards the symmetry properties
of the relevant states, we found that the hyperdeep state is
a symmetric combination of the nearest-neighbour bonds and
the impurity s-orbitals, and the resonance state is an anti-
symmetric one. Results tor the pz-like state can be found,‘

—

for example, in [5].
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U3SMEHEHME B TUIOTHOCTU 3APANA KPEMHUA OKA3HBAEMOHN
TEK3ATOHAJIBHO/ TOYKO{ CAMO-MEXRHIOY3JIUA

r, lanm, II, BorycaanBcku ¥ A, Banzepeckn

'

- MccaezoBana IROTHOCTH HSNEKTPOHHOrO 3ADAKAE CAMO=MEXIO=
Y3JMA B TORIATOHANBLHON TOurRe kKpeMEna, Vi3 pesynrTaros
BUAHO, UTO INOTHOCTH BEDHEKS BOKDYr &TOMS CAMO-MEXIOY3JIHH
X Oiauxalinue OBASH ocaalNeHH.



