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The surface Green function matching (SGFM) method has been developed

recently [l] to deal with a great variety of problems in a unified way. The

method was first developed for continuum systems [2]. The recent advances for

discrete structures can deal with surfaces, interfaces, quantum wells, super-

la t t ices , Intercalated layered compounds, and other systems. Several

applications of this formalism are being carried out. In the present note we

will describe how the formalism applies to the calculation of the electronic

surface band structure of vanadium which is a quite interesting transition metal

with very active magnetic properties at the surface, in particular at the (100)

surface. It is straightforward, on the basis of the caluclation presented here,

to obtain the magnetic moment on the surface, for example, through the method

followed by G. Allan [3] or the surface paramagnon density which should be

particularly enhanced at this surface as compared to the bulk.

The SGFM method allows the calculation of the density of states on the

atomic layers following the surface into the bulk and so one can find how deep

the enhanced paramagnon distribution can enter the crystal without any ad hoc

hypothesis. Interesting results might come out from tunneling studia normal-

vacuum-superconductor, in the sense that the enhanced surface magnetism could

manifest itself in the I-V characteristics from which the Eliashberg function

is obtained Paramagnons in the bulk are hold responsible for a high decrease of

the superconducting critical tenrmrnture of Vfjinrlium [!»].

In this paper we devote ourselves to the description of the practical

application of the SGFM method to the electronic band structure of the (100)

surface of vanadium.

The SGFM method considers in general the problem of the matching of

wave functions at an interface (or a surface, which is a particular ease) in

the language of Green functions. It Is assumed that the Green functions of the

two bulk media, say a and b, are known. The Hamiltonian of the whole system

Is expressed as

HS = P HS P + P, H!J P. + P HX P. + P. HX P • (l)
a a a b b b a b b a "
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where P is the projector operator into the respective medium, II is the

Hamiltonian representing the interaction "betveen the tvo media and
a , b

the Harelltonian describing the atoms in medium a and b respectively.

For a free clean non-reconstructed surface described in the spir i t of

a tight-binding Slater-Koster analysis including first and second nearest

neighbours and parametrizing the Hamiltonian with five d-like wave functions

in each atom s i te , the Flamiltonian can "be expressed as a (10 x 10) matrix.

These matrices can be parametrised with seven parameters all together: the

intra-si te matrix element, three first-nearest neighbour matrix elements

(a, ir and 6-like) and three more for the corresponding second nearest neigh-

bours.

A tight-binding Glater-Xoster Tit analysis for "DMTK vanadium using the

band structure calc'jlalion of Yasui et al [5]. was reported by Greir.pel and Yinp;

[6]. A good fit was obtained with five non-zero tight-binding parameters.

We have used these in our calculations.

The HGFM rraly
, - 1

allows us to calculate the surface projected Green

function inverse f^^ by the following a imple expression:

E, K) - (El -
0 0

Here all the terms represent (10 x 10) matrices, I is the unit mnv-rlx and

II the surface Hamiltonian. The projector operator P now acts all ways in

the single vanadium medium and the index defines the principle layer (two atom;::

layers in this case) into which the Hamiltonian is to be projected. T is the

transfer matrix which we have calculated following the algorithm if Lopez-Sancho

et al. [T]. TO find the density of states we first integrate i,^ir-, '<) in the

surface Brillouin zone by using the method developed by Cunninr:;:ur. [8J and then

use the usual formula

- -Im t r (3)

Our result is shown in Fig. 1 where we present the density of states

for the vanadium (100) surface. We have repeated the calculation using the

decimation technique [9] and have obtained exactly the same result. The upper

curve Is the result of Grempel and Ying [6]. The relative magnitude is not

meaningful in this figure. The main feature of this result is the high increase

in the surface density e£ states near the Fermi level. The three main peaks of the

density of states in this region are common to both results although our result

Is quite sharper. This might be due to the fact that the result from Grempel

and Ying [6] has been corrected to take into account charge neutrality vhile

ours has not.

In conclusion, we have applied the SGFM method to the calculation of

the electronic band structure at the (100) surface of vanadium. The expected
n e t increase of the surface density of states at the Fermi level Is evident

from our calculation although a certain smoothing is to "be expected if we

correct the result to take into account charge neutrality. The SGFM method

as developed to include discrete structure constitutes a simple unambiguous

way for calculations like the one we present here.
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Fig. 1 Density of states for vanadium (100) surface. The lower curve has

teen obtained "by using the transfer matrix and the decimation

techniques. These two results are undistinguishable. The upper

curve is from Eef. 6. It has been corrected to take into account

charge neutrality at the surface. Our result as presented here is

not corrected yet for charge neutrality. Nevertheless, the big

increase in the density of states at the Fermi level is evident.
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