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We report results based on the self-consistent density-functional theory, within the local-
density approximation using ab-initio pseudopotentials of clean CdTe and CdSe (110) sur-
faces. We analyze the trends for the equilibrium atomic structures, and the variations of
the bond angles at the II-VI (110) surfaces. The calculations are sensitive to the ionicity of
the materials and the results are in agreement with the arguments which predict that the
relaxed zinc-blende (110) surfaces should depend on ionicity.

I. Introduction

The non-polar (110) zinc-blende surface are thought

to be the best understood among all semiconductor sur-

faces, from the electronic as well as the structural point

of view. The study has been concentrated mainly on

surfaces of Si, Ge and the III-V compounds[1], but the

II-VI compounds have not been analyzed in detail. It

is widely believed that the relaxations on these sur-

faces are determined virtually by covalent forces, and

the surface anions rotate more-or-less rigidly out of

surface through an angle ! �= 29� for all zinc-blende

(110) surfaces[2�4] . Recently, there has been a great

deal of interest in wide-band-gap II-VI semiconductors

mainly using these materials as pure or alloyed semicon-

ducting compound in infrared detectors, solar cells and

blue-light-emitting laser diodes[5]. Since the electron

structures of di�erent zinc-blende crystal compounds

are generally very similar, one may hope that system-

atic comparison of data from di�erent systems should

resolve some of the ambiguities.

In the following paper, we present a theoretical

study of the non-polar (110) cleavage face of CdTe and

CdSe zinc-blende compounds. In particular, we will

concentrate on the atomic surface geometry and on its

correlation with the electronic and chemical properties

of the surface. The driving mechanism for the atomic

rearrangement will be analyzed in connection with the

ionicity of the materials and another II-VI (110) sur-

faces.

II. Method of calculation

We use the �rst-principles density-functional-

theory calculations for electronic structure and to-

tal energy[6;7] within the local-density approxima-

tion for the exchange-correlation functional[8]. Norm-

conserving non local pseudopotentials are generated

and Kleinman-Bylander (KB) type of fully separable

pseudopotentials are constructed[9;10]. The wave func-

tions are expanded in a plane-wave basis set with a

kinetic-energy cut-o� of 12 Ry. The kk integration is

replaced by a sum over four Monkhorst-Pack special

points in the irreducible part of the surface Brillouin

zone[11]. We treat the 4d electrons of Cd as core be-

cause the surface relaxations are mainly a�ected by the

s and p valence electrons, but we generate a KB pseu-

dopotential for a cadmium atom choosing suitable core

radii and electron con�guration sxpy.

The surfaces are modelled by a slab geometry of

eight (110) atomic layers with a surface at each side

plus a vacuum region equivalent to six atomic layers.

The two central layers, representing the bulk CdTe and

CdSe are frozen during the calculation. To determine

the equilibrium atomic positions the three outermost

layers on both sides of the slab are relaxed until opti-

mum atomic coordinates are stablished by the calcu-

lated total energy and forces together with the Car-

Parrinello approach[12]. At the equilibrium geometry
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all forces are smaller than 0.005 eV/�A corresponding

to an uncertainty of the atomic positions less than 0.05

�A.

III. Results and analysis

Figure 1 shows a top view of the surface and the

side view of the outermost layers of the clean relaxed

surface. Also the structural parameters are de�ned in

Table I and II. The atomic relaxation on both CdTe

(110) and CdSe (110) surfaces have a similar pattern of

the III-V (110) surfaces: the surface-layer anions move

out of the surface and the cations move inward. Under

the coordination conditions of the surface, the cation

atom prefers a more planar, sp2-like bonding situation

with its three anions neighbors and the anion prefers a

p-bonding with its three cations neighbors. The calcu-

lated equilibrium cubic lattice constant is 6.203 �A for

CdTe and 5.783 �A for CdSe and are about 4% smaller

than the experimental values of 6.486 �A and 6.052 re-

spectively.

Figure 1. Atomic geometry for II-VI semiconductor (110)

surfaces. (a) Top view of the surface unit cell. (b) Side view

of the �rst three layers of the (110) surface. Open circles

are anions and the hatched circles are cations. a0 is the

theoretical bulk lattice constant and d0 =
p
2a0=4.

Table I shows the displacements of atoms from the

ideal zinc-blende positions for the clean surfaces CdTe

Table I. Structural parameters for the surface relaxation
as de�ned in Fig. 1. For each compound the �rst line
corresponds to the LEED analysis (Ref. 13).

Table II. Displacements perpendicular to the surface
of the cations and anions at the top layer. The posi-
tive direction is taken along (110). The changes of the
cation-anion distances (labeled ciaj) between neighbor-
ing atoms in the �rst two layers (i; j = 1,2) of our slab
are given in the last three columns.

(110) and CdSe (110). The results for CdTe (110) are in

very good agreement with low-energy electron di�rac-

tion (LEED) analysis[13] while for zinc-blende CdSe

(110) there is no available data. The relative displace-

ment is the most accurately determined by LEED in-

tensity analysis to within � 0.05 �A. The tilt angle ! is

also in very good agreement with the experimental one.

From Table II it can be seen that the surfaces re-

lax with the surface anions moving out of the surface

and the surface cations moving inward. The calculated

changes in the bond lengths of the surface atoms rel-

ative to the bulk lengths are smaller than 3.3%. The

change in the cation-anion distance at the �rst layer

of the surfaces (c1a1) is larger for CdSe. While the

c2a1 bond length is almost unchanged (less than 1%),

the c1a2 bond length is shortened around 2.5%. These

bond length variations are bigger than the observed val-

ues for III-V (110) surfaces[3] and agree well with the

results for other II-VI (110) surfaces[4;14].

The bond angles obtained in our present calcula-

tions are shown in Table III. As it was pointed out on

reference 4, the angle � is bigger in II-VI compounds
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Table III. Calculated tilt angle !, relative displacement
�1;? in % of the lattice constant a0, bond angles at the
anions and at the cations located at the �rst layer, and
Z2e2=�a0 in eV.

than in III-V compounds and the angle � is closer to

90� as one goes from sulphur compound to selenium

compound and then to tellurium compound. Here the

pyramidal angle � at the anion goes from 93.1� for CdSe

to 90.8� for CdTe in agreement with the Zn compounds.

The planar angle  at the cation is close to 120�, and

the in-plane angle � is lower, close to the tetrahedral

bond angle (109.47�).

The attractive Coulomb forces between the outward

surface anions and the inward surface cations should re-

duce the relaxation caused by covalent forces, for the

more ionic zinc-blende semiconductors. The Philipps

ionicities[15] for CdSe (wurtzite) and CdTe are 0.699,

0.675, respectively. We compare in Table III the trends

of the angle � and the Coulomb energy[16] Z2e2=�a0,

where a0 is the zinc-blende theoretical lattice constant,

Z is the longitudinal e�ective charge[17], e is the elec-

tronic charge, and � is the dielectric constant. For

the calculation of the Coulomb energy of CdSe (110)

surface, we have used the parameters Z and � of the

wurtzite structure. As can be seen in Table III, for com-

pounds with common cation, the angle � decreases, get-

ting closer to 90�, when the Coulomb energy decreases.

The tilt angle ! increases when the Coulomb energy de-

creases. The calculated relative displacement �1;? in

% of the theoretical lattice constant a0, is smaller for

higher Coulomb energy. The planar angle  increases

above 120� as the Coulomb energy decreases, while the

in plane angle � goes above the tetrahedral angle.

The calculated bond angles at the II-VI (110) sur-

faces are bigger than the bond angles at the III-V (110)

surfaces[4] as the ionic forces try to reduce the relax-

ation caused by the covalent forces. The dependence on

ionicity of the (110) surface relaxations of zinc-blende

semiconductors is stablished, as our calculations are

sensitive to the ionicity of the materials, and in good

agreement with the arguments which predict that the

tilt angle should depend on ionicity[16].
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