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Abstract -

Electronic densities of states afé Caiculatedz
using a simple tight binding model fep an unrelaxed
(110) surface of Ge and GaAs. New surface states
for Ge and GaAsbare found near the bottom of the

valence bands.
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We'have’caleulated 1bcall and total electronlc densxtles

_of states for unrelaxed (110) surfaces of Ge and GaAs u51ng

51mple tight binding models. These are the flrst calculatlons
on a (110) surface. u51ng a method 31m11ar to that used by
Hirabayashi and others on (111) surfaces.2°u.'It 1nvolves
using an sps-llke tlght binding Hamlltonlan and 1nclud1ng
all interactions between nearest nelghbor_atoms in a system
con31st1ng of a finite number N layers of atoms. in one
dimension and a periodic 1nf1n1te number of atoms in the
other two dimensions. Very rellable results Can be obtalned
with only N > 10. In our calculatlons we have taken N = 12
with 5 interaction parameters for Ge and 6 for GaAs ‘The
detalls of our calculations and parameters used will be

discussed elsewhere.1
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In Figs. 1(a) and 1(b) we show the totalndensity of
states of the Ge and GaAs system respectively. These aré
unsmoothed computer plots and the small ripples along the
curves should be considered.as noise. The step like strucfure
around —12'eV/is, however, real and caused by thé two--
dimensional singularities of a finite number of two-
dimensional layers. _These plots reyéal a composite effect
of bulk and surface properties. The fermi level for Ge
lies around 0.4 eV and surface states are designaféd'by

A and A,. What we mean here by surfan‘sfates are

1 2 3
states which are very well localized on the surface. No

s A

distinctiqh is_made between bona fide surface states and
strong yesohgnces. Surface states A, are the usual states
found in. the fundamental gap and consiét of two surface bands.
These bands represent'dangling bond sfates containing roughly
85% of the charge in the first layer. The states lébelled
‘A, and A, however are new but rather difficult to resolve.
The A2>sfates represent surface bond states which originate
near the symmetry point M. They’contain 86%:of the charge
in the first three layefs. The stétes labelled A, occur
mostly at and near the'Symmetry poiﬁt X' but extend along -

X' to T and X' to M. These states représenf essentially
s-like stafes at.éhe surface with roughly 64% of the charge

- concentrated in the first layer.

For GaAs the fermi level lies near 0 eV and the sﬁrface

states are labelled B B,, By and B,'. Surface bands B, and

l’.



Bl' are the usual bands obtained from a splitting of the A1
bands caused by the differences in potential between the Ga
and As atoms. In our calculétiong Bl contains As dangling
bond states with approximately 80% of tﬁe charge ldcaliied
in the first layer. On the other hand Bl; cdntains mostly
Ga déngling bond states with about 80% of the'éharge concen-
trated in the first layer. The supface states 82 are new
and have also been obtained using a diffefent method [5].
These surface states are found mostly around.ﬁ. They repre-
sent GaAs bond states along the surfacelﬁith roughly 80% of
the charge'in the first layer. Finally the most interesting
new states are the B3 stateé. Thgsg are sprface states that
exist near the lower energy band edge of the "heteropolar"
'gap and extend around 0.2 eV into this "forbidden" gap. They
represent As s-like surface states with roughly 70% of the
charge coﬁcentratgd in therfirst ;gyer,"Thgsevﬁﬁgtg§vpemain
extended into the gap with small éﬂanges in tﬁe»parameters.-
They appear to be an intrinsic property of As atoms on a

surface. A further study of these states is in progress.
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Figure Caption
Figure l.l Total density of states of twelve (110) layeré
of Ge (a) and GaAs (b). The surface layers are taken
‘to bé unrelaxed. The importaht surface‘sfates are
labelled A énd B for_Ge.and GaAs respective;y. Ay Ay,
B, and B
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calculations and are discussed in the text.

are new surface states obtained in these



DENSITY OF STATES (states/eV-atom)

20— T T T | ]
(a) Ge
Twelve (110) layers
| Ia A2
1.0 |~ T
0 | R | ]
2.0 T M
] GaAs 1 1 ]

(b) Twelve (110) layers

! R
—8 —4 u 0
ENERGY (eV)

Fig. 1



LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.




-
-
—

TECHNICAL INFORMATION DIVISION
LAWRENCE BERKELEY LABORATORY
UNIVERSITY OF CALIFORNIA

' BERKELE Y, CALIFORNIA 94720



