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AbstracL An average duster Bethe lattice method is developed [or the calculation of the 
elecironic density of states of an infinite sjslem of atoms. The mITecIness and eEiciencj 
of the method are tested Ly two aamples of calculating the electronic s l ~ c t ~ ~  for 
square and honeycomb lattices. 

1. Introduction 

The investigation of the electronic structure of solids is a very important topic in solid 
state physics research. One effective way to do this is to calculate the local density of 
states (mos) of the system. Several ways have been developed to achieve the wos 
calculation. Among them, some typical methods are the self-consistent method [l], 
the method of moments 12, 31, the recursion method [l, 41 and the cluster Bethe 
lattice (CBL) method [5, 61. 

In dealing with an infinite system, the first three methods are used to calculate 
the LDOS for a finite cluster with some kind of boundaly condition to hi ta te  the 
infinite system. In order to approach the situation in which the boundary condition 
does not affect the result seriously, a very large cluster must be used. So it may need 
strenuous calculations. On the other hand, the CBL method chooses a Enite part of 
the system as a cluster and replaces the infinite envvonment by a Bethe lattice; the 
LDOS of the system is then calculated by considering the interaction of the cluster 
and the Bethe lattice. 

The CBL method is a very useful tool for studying the electronic structure of non- 
periodic systems but, when used for periodic systems, the convergence is usually very 
slow. Then arduous calculation is needed. Hence an improvement to the method 
is essential. In this paper, an average cluster Bethe lattice (ACBL) method will be 
presented. The correctness of our method is tested by calculating the moss of two 
periodic lattices. 

2. The improved cluster Bethe lattice method 

7b improve the CBL method, an ACBL method is proposed and a simplification of 
the cluster’s selection is suggested. Firstly a finite cluster with the symmetry of the 
reference site is chosen in order that the reference site is located at the symmetry 
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ccntre of the cluster. Then an irreducible section of the cluster b selected. Suppose 
that the number of sites in it is N; the reference lattice site is labelled as the fust 
site. Then the LDOS of the reference site can be given as 

S Q Way and H Q E 

n , ( E , N )  = ( l / r ) I m ( l / G / l ) .  (1) 

(IlCll) can be obtained by solving the following Dyson equation of the cluster: 

E(ilGI1) = 6,, + C(ilHllc)(lclGII) i = 1,2,. . . , N (2) 
k 

and 

with nearest neighbours i , j .  
By calculating nl( E, N) with a series of different sizes of clusters from those 

only consisting of the basic ring topology where the number of sites is mL to a fairly 
complex topological structure where the number of sites is mH in the irreducible 
section, then we define 

i.e. the average LDoS of the CBL method. This is the ACBL method. 

3. The electronic structure calculation of periodic lattices by the ACBL method 

This part of the paper gives examples using the ACBL method to test its correctness 
and precision. The lattice parameters U; and K j  are taken as 0.0 and 1.0, respectively, 
in the calculations. 

Each site is equivalent in the square lattice. The exact mos calculation can be 
carried out by other methods 17, 81. The LDOS of the square lattice calculated by the 
ACBL method for 297 sites, by the CBL method for 1385 sites and by exact calculation 
are shown in figure 1 by short-dashed, longdashed and full curves, respectively. From 
the figure, one can see that the existence of a large number of oscillatory p k s  makes 
it unsuitable for the CBL method to deal with a periodic system. On the other hand, 
the ACBL method possesses a great advantage when dealing with this problem. Even 
for a very small cluster, one can obtain a fairly goad result. 

The honeycomb lattice is the Same kind of two-dimensional periodic lattice as 
the square lattice. The exact LDos result has been evaluated [7, 81. The results 
obtained by the ACBL method for 223 sites, by the CBL method for 1039 sites and by 
exact calculation are shown in figure 2 by shortdashed, long-dashed and full curves, 
respectively. Once more, the efficiency of the ACBL method in dealing with the 
periodic system is demonstrated. 
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Figure 1. WO% of lhe square laltice: --.-, mull  obtained by the ACBL method; - - -, 
result obtnined by lhe (BL method; -, exact result. 
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Figure 2 WO% of the honeycomb lalticc ----, mull  obtained by the ACBL method; _ - _  , result obtained by the CgL method; -, m c t  result. 

4. Conclusion 

An improved cBL method, namely the ACBL method, for calculating the LDOS of an 
infinite system is presented. The validity' and accuracy of the method are tested by 
the electronic structure calculation of the square and honeycomb lattices. It is shown 
that the ACBL method is appropriate for the D O S  calculation of periodic systems. 
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