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New Surface States of an Unrelaxed (110) Surface* 

. t 
J. D. Joannopoulos and Marvin L. Cohen 

Department of Physics, University of California and 

Inorganic Materials Research Division, Lawrence Berkeley Laboratory 

Berkeley, California 94720 

Abstract -

Electronic densities of states ~r~ calculated' 

using a simple tight binding model for an unrelaxed 

(110) surface of Ge and GaAs. New surface·. states 

for Ge and GaAs are found near the bottom of the· 

valence bands. 

. ·. ! : ' ..... ~· ~- ~.,: ..::. ) :·. ·~ 

We· have calculated 16ca11 and total electronic densities 
,··' 

of states for unrelaxed (110) surfaces of ~e and ~af>s using 

simple tight binding models. These are the first calculations 
-. _, . .': ~ . 

bn a (110) surface using a method si~ilar to that used by 
' - 2-4 

Hirabayashi and others on (111) surfaces. It involves 

using an sp 3-like tight binding Hamiltonian and including 

all ~nteractions between nearest neighbor atoms in a system 

consisting of a finite number N layers of atoms in one 

dimension and a periodic infinite number of atoms in the 
--

other two dimensions. Very reliable results can be obtained 

with only N > 10. In our calculations we have taken N = 12 

with 5 interaction parameters for Ge and 6 for GaAs. The 

details of our calculations and parameters used will be 

discussed elsewhere. 1 
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In Figs. l(a) and l(b) we show the total density of. 

states of the Ge and GaAs system respectively. These are 

unsmoothed computer plots and the small ripples along the 

curves should be considered as noise. The ~tep like structure 

around -12 eV is, however, real and caused by the two

dimensional·singularities of a finite number of two

dimensional layers. These plots reveal a composite effect 

of bulk and surface properties. The fermi level for Ge 

lies around 0.4 eV and surface states are designated by 

A1 , A2 and A3 . What we mean here by surface states are 

states which are very well localized on the surface. HQ 

distinction is made between bona fide surface states an~ 

strong resonances. Surface states A1 are the usual states 

found in. the fundamental gap and consist of two surface bands. 

These bands represent dangling bond states containing roughly 

85% of the charge in the first layer. The states labelled 

A2 and A3 however are new but rather difficult to resolve. 

The A
2 

states represent surface bond states which originate 

near the symmetry point M. They contain 86% of the charge 

in the first three layers. The states labelled A3 occur 

mostly at and near the ·synunetry point X' but extend along 

X' to r and X' to M. These states represent ~ssentially 

s-like states at the surface with roughly 64% of the charge 

concentrated in the first layer. 

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

states are labelled B
1

, B2 , s3 and B1 '. Surface bands B1 and 
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B1 ' 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 calculations B
1 

contains As dangling 

bond states with approximately 80% of the charge localized 

in the first layer. On the other hand B1 ' contains mostly 

Ga dangling bond states with about 80% of the charge concen-

trated in the first layer. The surface states B2 are new 

and have also been obtained using a different meth,od [5]. 

These surface states are found mostly around M. They repre-

sent GaAs bond states along the surface with roughly 80% of 

the charge in the first layer. Finally the most interesting 

new states are the B3 states. These are ~~rface 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 concentrated in the first .J.:?y.er. These states remain . . '• ... .. ... , 

extended into the gap with small changes in the parameters. 

They appear to be an intrinsic property o~ As atoms on a 

surface. A further study of these states is in progress. 
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Figure Caption 

Figure 1. Total density of states of twelve (110) layers 

of Ge (a) and GaAs (b). The surface layers are taken 

to be unrelaxed. The important surface states are 

labelled A and B for Ge and GaAs respectively. A1 , A2 , 

B1 and B2 are new surface states obtained in these 

calculations and are discussed in the text. 
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