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Surface structure of ZnTe (110) as determined from dynamical analysis of low-energy-electron:
diffraction intensities
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Dynamical calculations of the intensities of normally incident low-energy electrons diffracted from ZnTe
(110), performed using a matrix-inversion method, are compared for structures resulting from (i) a
kinematical search, (i) a dynamical search, and (iii) energy-minimization calculations. Second-layer
structural distortions as well as top-layer reconstructions are examined in our structural search. Our
analysis leads to the selection of the most probable surface structure for ZnTe (110) as one in which the top
layer Te moves outward 0.20 A and the top layer Zn moves inward 0.55 A, corresponding to a surface
bond angle of 33.2°. No convincing evidence is obtained for second-layer reconstruction. The structure is
different from zinc-blende (110) surface structures previously examined, e.g., GaAs (110) and InSb (110), in
that the in-plane anion displacement in the surface layer is only half that characteristic of a rigid bond
rotation, and the second atomic layer beneath the surface appears to be undistorted to within the accuracy
of our analysis. The difference between ZnTe and more covalent zinc-blende materials is attributed to a
dependence of the structure of (110) surfaces of zinc-blende-compound semiconductors on the bulk bonding

ionicity.

I. INTRODUCTION

Atomic geometries for the (110) surfaces of
zinc-blende~structure compound semiconductors
have been extracted via analyses of several spec-
troscopic measurements, including elastic low-.
energy -electron-diffraction (ELEED) intensi-
ties,'”12 angular integrated ultraviolet photoemis-
sion spectra (UPS),%'13:1* angle-resolved ultra-
violet-photoemission spectra (ARUPS),'*"!” polar-
ization-dependent angle-resolved photoemission
spectra (PARUPS), %! and the electron paramag-
netic resonances (EPR) of adsorbed O, species.'®
Moreover, three procedures for determining these
atomic geometries via minimization of surface
energy functionals have been proposed.'®"?? It has
been demonstrated that for GaAs (110) all of these
methodologies lead to compatible surface struc-
tures within their inherent uncertainties.?3:!! In
addition to the quite thorough treatment of GaAs
(110), fragmentary spectroscopic results are
available for the (110) surfaces of ZnSe,* **
GaP,!®? and ALSb.!° A preliminary report of the
work described herein for ZnTe (110) appeared
earlier,'? and a complete ELEED intensity analysis
for InSb (110) recently has been given®®'?" although
no photoemission studies of that surface have yet
been reported. Finally, energy-minimization
predictions have been published for the (110) sur-
faces of ZnSe,* GaP,? AlSb,? ZnTe,? % InP,*
and InSb.*

The purpose of this paper is to address several
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issues which have arisen during the course of the
earlier analyses noted above. First and foremost,
we report a dynamical ELEED structural analysis
for the (110) face of a new material, ZnTe. Our
analysis is comparable in both technique and com-
prehensiveness to those of GaAs (110) (Refs. 1, 2,
10, and 11) and InSb (110) (Refs. 26 and 27) reported
earlier, and removes an ambiguity between two
different types of surface structure which could

not be resolved by the previous preliminary (less-
extensive) examination of ZnTe (110) (Ref. 12).
Second, we focus our attention on the two central
structural issues which emerged from the earlier
structural analyses: the distinction between bond-
rotation!'2'%'!! and bond-relaxation® ®'!! geometries
of the surface layer and the occurrence of subsur-
face atomic relaxations. Third, we investigate

the compatibility between the range of surface
structures consistent with the ELEED intensity
analysis and the predictions of energy-minimiza-
tion calculations. Fourth and finally, because some
of our results for the structure of ZnTe (110) are
unanticipated, we reexamine the proposed relation-
ships® between the surface structures of compound
semiconductors and their bulk bonding ionicity.

Our main results reported herein are the exten-
sion of our earlier kinematical and dynamical
ELEED intensity profile analysis'? through a com-
pletely dynamical structure search, and the util-
ization of this search to establish a range of prob-
able surface structures for ZnTe (110). We show
via comparison of theoretical model intensity pro-
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files with data gathered for 14 beams that the
structure of ZnTe (110) differs from those of GaAs
(110) and InSb (110) in that (i) the surface bond
angle, found to be 33.2° is distinctly larger than
the 25.6°s w< 28.8° range found for GaAs and InSh,
(ii) no second or third layer distortions are found
to occur, and (iii) the dominant bond-length change
is a three percent contraction of the surface-ca-
tion—-surface~-anion bond, while the back bond be-
tween the surface anion and the second layer cation
expands slightly. We also find that the structures
determined by energy minimization®'2® are not
included within the conventional uncertainties of
our best fit structure due to their predictions of
large (~0.2 A) subsurface shears.

Another important result documented by this
paper is an explicit examination of the sensitivity
of LEED to motions of surface species parallel to
the surface. For GaAs (110) both “bond-relaxa-
tion”*% (or “normal-displacement”!') models and
“rotational -relaxation”!! (or “bond-rotation’!?)
models have been considered,!0:11:16:19:20  Ajthoygh,
for GaAs (110), the bond-rotated structures appear
to be superior to the normal-displacement ones,
this important conclusion has generally been dis-
played in the literature only in terms of structures
differing both in perpendicular and parallel atomic
positions.''1*+1® In this paper, we demonstrate
the sensitivity of dynamical calculations of LEED
intensities to atomic displacements parallel to the
surface by comparing structures differing only in
these coordinates. We will find for ZnTe (110), in
contrast to GaAs (110) and InSb (110), a structure
intermediate between the bond-rotated and the
normal-displacement models is preferred.

We proceed as follows: In Sec. II we summarize
our experimental procedure. In Sec. III we des-
cribe the nature of our ELEED intensity calcula-
tions. In Sec. IV we discuss the structure analysis,
as well as the sensitivity of the calculated intensity
profiles to atomic motions parallel to the surface.
In Sec. V we summarize our findings and discuss
their physical significance.

II. EXPERIMENTAL PROCEDURES

The ZnTe sample was purchased from General
Diode Corporation. While it is sufficiently conduc-
tive that sample charging did not occur, 'its doping
is unknown. It was cut by the supplier, chemically
polished at RCA using a proprietary etch, mounted
in Mo foil, and sputter cleaned by 1-keV Ar ion
bombardment for 10 min followed by a thermal
anneal at 7= 808 K for 50 min. Auger electron
spectroscopy (AES) revealed that following this
treatment the surface was clean and stochiometric
to within the accuracy of the AES technique.

The low-temperature ELEED intensities reported
herein were measured using a modified Physical
Electronics Industries S/N-504-6-174 manipulator.
Cooling was accomplished via a small liquid-nitro-
gen reservoir connected to the Mo foil in which the
sample was mounted.

The ELEED intensities were obtained using a
Physical Electronics Industries LEED system
and a Gamma Scientific spot photometer to mea-
sure the intensities from the LEED display screen.
Normal incidence was ensured by the symmetry of
the spot pattern (see Fig. 1). ELEED intensity
data were acquired for the [01], [01], [10]=[10],
[11)=[11], [11]=[1T], [02], [02], [20]=[20], [21]
=(21], [12]=[12], [21]=[21], [12)=[12], [13]=[13),
and [13]=[13] beams as averages of three repeated
runs for each intensity profile. The dimensions
of the spot pattern revealed no significant deviation
of the surface unit mesh from that expected of a
truncated bulk crystal described by the geometrical
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FIG. 1. Schematic indication of the surface atomic
geometry and the associated ELEED normal-incidence
spot pattern for the (110) surface of ZnTe. The symbols
utilized in Table I are defined in the upper panel of the
figure. The dimensions of the surface unit mesh are
taken from Wyckoff’s bulk structure (Ref. 29).



parameters given by Wyckoff* (a, =4.306 A, a,
=6.089 A as indicated in Fig. 1).

I11. MODEL CALCULATIONS

An approximate multiple-scattering model of the
diffraction process, described previously,'* was
used to calculate the ELEED intensities. The sur-
face electron-ion core interaction was described
by a one-electron muffin-tin potential. The elec-

" tron-electron interaction is incorporated via an
optical potential represented by a complex function
with constant real part V, and an imaginary part
characterized by the inelastic collision mean free
path A,,.3° By trial and error we have chosen V,
=4 eV and A, =8 A.

The one-electron crystal potentialis formed from
a superposition of overlapping ionic (e.g., Zn"Te")
charge densities.® The localSlater approximation
is used for the exchange potential. The bulk crys-
tal structure (see Fig. 1) is that given by Wyckoff.®
We use the muffin-tin radii 722 =1.22 A, e =1.42
A, as determined from crystal potential crossover.
The Wigner-Seitz radii are »Z2=1.74 A and 7T¢
=2.02 A. Once the crystal potential in a given
Wigner-Seitz cell has been obtained, it is reduced
to muffin-tin form. The resulting phase shifts are
shown in Fig. 2.

In view of the problems entailed in correctly
including bulk lattice vibrations in diatomic sys-
tems>® we have calculated our structures using a
rigid-lattice model for comparison with data taken
at 7=150 K, where the effects of lattice vibrations
are modest. The effects of surface lattice vibra-
tions on the analysis of ELEED from GaAs (110)
have been examined in some detail previously,™
and will not be reexamined here.

In the approximate multiple-scattering model
of the diffraction process used in the surface
structure determination, the 7' matrix for the top
three bilayers was solved exactly, utilizing six
phase shifts for both the Te and Zn species, while
in the lower layers the T matrix was approximated
by the single-bilayer scattering amplitude.!* To
check the convergence of this approximation, for
structure (g) in Table I we have performed a sim-
ilar calculation solving, however, the 7' matrix
for the top four bilayers exactly. The results are
presented in Fig. 3 for the [10] and [11] beams.

As we see, the principal features of these beams
are well reproduced in the three-layer-exact cal-
culations [panels (a) and (c)], although some of

the finer structure changes on going to four-layers
exact [panels (b) and (d)]. Thus, given the repro-
ducibility of ELEED data from compound semi-
conductors, our calculations in which the 7' matrix
for the top three layers.is solved exactly is judged
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FIG. 2. Phase shifts for the Zn* and Te" species re-
sulting from Slater exchange and the muffin-tin param-
eters described in Sec. III in the text.

to be adequate for the determination of surface
structures to within an accuracy of 0.1 A. Simil-
arly, we have compared beam intensity profiles
calculated using six phase shifts with those cal-
culated using eight phase shifts for both Zn and

Te species and have found little difference. Hence,
six phase shifts are used in all of our calculations
presented here.

IV. STRUCTURAL ANALYSIS

As mentioned in the Introduction, in our pre-
liminary study of ZnTe (110) (Ref. 12) two struc-
tures were found to be comparably compatible
with measured ELEED intensities: a structure
with a 0.4-A top layer vertical shear and a 0.3-A
second layer shear, and a structure with a 0.8-A
first layer shear and no second-layer reconstruc-
tion. These structures were determined by a ki-
nematical structure search in which comparisons
with experimental data for five beams, the [o1],
[o1], [10]=[10], [11]=[11], and [11]=[11] beams,
were performed. To resolve this ambiguity, we
report here a new structural analysis which rep-
resents an expansion of our earlier work in four
directions. First, as discussed in Sec. II, we
have increased our data base from five to fourteen
beams, including some beams out to third order.
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FIG. 3. Comparison of the predicted normal-incidence
intensities for the [10] and [11] beams calculated using
Slater exchange and a rigid lattice, with the surface
given by panel () in Table I, Curve (a): calculated in-
tensity of the [10] beam using six phase shifts and solv-
ing the T matrix of the top three layers exactly. Curve
(b), same as curve (a), but solving the T matrix of the
top four layers exactly. Curve (c), calculated intensity
of the [11] beam using six phase shifts and solving the T
matrix of the top three layers exactly. Curve (d), same
as curve (c), but solving the T matrix of the top four
layers exactly.

Second, our present structure analysis, compris-
ing approximately forty model structures, has
been carried out utilizing dynamical ELEED in-
tensity calculations. Third, the effect of atomic
motions parallel to the surface have been inves-
tigated in detail. It is found that neither the “nor-
mal-displacement model” nor the “rotationally
relaxed” (i.e., no bond length changes in the first
layer) model gives the best correspondence with
experiment but, rather, the best fit structures lie
in a region of parameters which are intermediate
between the two. Fourth, we have considered a
new energy-minimized structure recently proposed
for ZnTe (110) (Ref. 27) in response to the analysis
reported in Ref. 12.

Dynamical calculations of our two-layer recon-
struction'? with a top layer shear of 0.4 A and a
second layer shear of 0.3 A revealed this structure
was incompatible with the larger data base of 14
beams. This is illustrated for the [02], [02], [12],
[12], and [13] beams in Fig. 4. As a result, this
region of parameter space was not explored fur-
ther.

The earlier kinematical analysis'? indicated ac-

INTENSITY (Arbitrary Units)

| | | |
90 120 150 180 2I0
ENERGY (eV)

|
30 60

FIG. 4. Comparison of the calculated (solid curves:
rigid lattice; six phase shifts) and measured (dashed
curves) intensities for the [02], [02], [12], [12], and [13]
diffracted beams for a structure with 4, ,=0.405 &,
8,,,=0.300 & as in Ref. 12, Table I, with the y displace-
ment appropriate for a-15.4° rigid-bond rotation.

ceptable agreement with experiment was obtained
by raising the Te in the uppermost layer 0.15 +0.1
A and lowering the Zn in the uppermost layer 0.65
+0.1 10&, producing a surface shear of 0.80 A.
Subsurface atoms remained at their bulk positions.
Extensions of this early kinematical search® in-
dicated, however, that a better structure was ob-
tained by raising the top Te only 0.10 A while
leaving the surface Zn at 0.65 A, producing a
slightly smaller surface shear of 0.75 A. This
structure is contained within the uncertainties
associated with the earlier structure. Dynamical
investigation of this structure indicated improve-
ment over the normal-displacement structure was
obtained by moving the surface Zn atom 0.56 A
sideways, in the direction given by a rotation of
the top bond forcing the Te outward. The resulting
structure [see Table I, panel (a)] gave better com-~
parison between theory and experiment than the
earlier'? 0,80 A surface shear model, but yielded
unsatisfactory correspondence between the two
for several beams [e.g., see Figs. 9, 10, and 13,
panel (a)l. ’
Similarly, the published energy-minimized
structure of Chadi®! [see Table I, panel (e)] gave
poor agreement with the measured intensities for
the [11] [see Fig. 9, panel (e)], the [02] [see Fig.
10, panel (e)], and the [21] [see Fig. 14, panel
(e)] beams. In response to earlier indications!? of
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FIG. 5. Comparison of the calculated (solid curves,
six phase shifts) and measured (dashed curves) intensi-
ties of the [01] beam of normally incident electrons dif-
fracted from ZnTe (110). Curve (a): the measured in-
tensity at 7=125 K (dashed curve) and the calculated in-
tensity (solid curve) using the bulk geometry of Wyckotf
(Ref. 29) and the single layer “ionic” reconstruction of
So (Ref. 34) described in panel (a) of Table I for a rigid-
lattice model. Curve (b): same as curve (a), but evalu-
ated using the two-layer structure of Chadi (Ref. 28)
shown in panel (b) of Table I, and a rigid lattice. Curve
(c): same as curve (a) but evaluated using the single~
layer “best-fit” reconstruction described in Table I
[panel (c)] and a rigid lattice. Curve (d): same as
curve (c), but evaluated using the two-layer structure
described in Table I [panel (d)] and a rigid lattice.
Curve (e): same as curve (a), but evaluated using the
three-layer reconstruction of Chadi (Ref. 21) described
in Table I [panel (e)] and a rigid lattice.

this fact, however, a refined energy-minimized
structure has been proposed for ZnTe (110) by
Chadi”[see Table I, panel (b); Figs. 5-18, panel
(b)]. This new structure has a slightly larger
first layer shear of 0.70 A, compared to the earl-
ier value of 0.67 A. The new structure, however,
gave poor agreement with experiment for the [ 11]
[see Fig. 8, panel (b)], the[01] [see Fig. 6, panel
(b)], the[11] [see Fig. 9, panel (b)], the [20] [see
Fig. 12, panel (b)], and[13] [see Fig. 18, panel
(b)] beams. On balance, neither of the energy-
minimized structures provide as good a descrip-
tion of the experimental intensities as that deter-
mined by the kinematical analysis [ panel (a),
Table I]. Hence we believe that a first layer shear
of 0.75 .7&, intermediate between the earlier kine-
matical result of 0.80 A (Ref. 12) and the energy-
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FIG. 6. Same as Fig. 5, only for the [01] beam.

minimized results of 0.67 A (Ref. 21) and 0.70 A
(Ref. 28) yields the best comparison with experi-
ment. This is especially so for the [11] (see Fig.
8), [11] [see Fig. 9], [02] (see Fig. 10), [02] (see
Fig. 11), [12] (see Fig. 15), [12] (see Fig. 16), and
[13] (see Fig. 17) beams.

In the kinematical best fit structure [ Table I,
panel (a)] the top bilayer-substrate distance is
characterized by a value of dy,,, =1.503 A. The
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FIG. 7. Same as Fig. 5, only for the [10] beam,
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FIG. 8. Same as Fig. 5, only for the [11] beam,

“rotationally relaxed” structure, however, with
surface shear 0.75 A and bond angle w; =29.6°
[see Table I, panel (f)] is characterized by a value
dyg,, =1.617 A. In view of this discrepancy of
0.114 A, we have dynamically investigated the top
bilayer-substrate distance dy;,,. The optimum
dynamically-determined surface bilayer-substrate
distance of dy,,, =1.603 [see Table I, panel (c) and
Figs. 5-18, panel (c)] is equivalent to the rota-
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FIG. 9. Same as Fig. 5, only for the [1I] beam.
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FIG. 10. Same as Fig. 5, only for the [02] beam.

tionally relaxed value within the limits of ELEED

precision.

Recent dynamical ELEED calculations for GaAs
(110) (Ref. 11) and InSb (Refs. 26,27) have shown
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FIG. 11. Same as Fig. 5, only for the [02] beam.
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FIG. 12. Same as Fig. 5, only for the [20] beam.

that “ rotationally relaxed” structures are superior
to “normal-displacement” structures. As men-
tioned above, our best fit structure has the verti-
cal spacings essentially equivalent to those of the
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FIG. 13. Same as Fig. 5, only for the [21] beam.
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“rotationally relaxed” structure. In order to check
the applicability of our earlier conclusions on in-
surface atomic displacements to ZnTe (110) we ex-
amined the y motions of both surface Zn and Te
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FIG. 15. Same as Fig. 5, only for the [12] beam.
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FIG. 16. Same as Fig. 5, only for the [12] beam,

species. Our optimum structure [ Table I, panel
(c)] has the same value of dy,,, (see Fig. 1) as the
corresponding rotationally relaxed structure
[Table I, panel (f)], indicating that the surface
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FIG. 17. Same as Fig. 5, only for the [13] beam.,
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FIG. 18. Same as Fig. 5, only for the [13] beam,

Zn “rotates” just as we expect on the basis of
studies of other zinc-blende (110) surfaces.!!+26:27
The sensitivity of our best fit structure to the
surface Zn y motion is indicated in Fig. 19 for the
[20] and [13] beams. From the [20] beam we see
the 120-150 eV experimental structure is best
reproduced with a value of dy, ,=3.804 A [Fig. 19,
panel (a)], while dy,,,=3.604 A [Fig. 19, panel
(b)] is acceptable, and smaller values are clearly
worse. From the[13] beam we see the 130-160
eV experimental structure is best described by a
value of dy,,,=3.604 A [Fig. 19, panel (e)], while
both smaller and larger values are clearly infer-
ior. Thus, we see that rotationally relaxed Zn

y motions (With dy,,,=3.604) yield best overall
agreement with experiment, a conclusion which is
supported through studies of intensity profiles for
other beams.

The optimum Te y motion relative to its bulk
position, characterized in Table I [panel (c)] by
Ay,,=4.945 A, is 0.181 A smaller than that for the
corresponding rotationally relaxed structure
[Table I, panel (f)], and is halfway between those
for the rotationally relaxed structure [ Table I,
panel (f)] and the structure with only Zn y motion
[Table I, panel (a)]. Thus, the Te sits halfway
between its normal-displacement position and its
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FIG. 19. Comparison of calculated (solid curves, six
phase shifts, rigid lattice) and measured (dashed curves)
intensities of the [20] and [13] beams of normally inci-
dent electrons diffracted from ZnTe (110) showing the
effects of surface Zn parallel displacement. Curve (a):
the measured [20] beam intensity at T=125 K (dashed
curve) and the calculated intensity (solid curve) using
the bulk geometry of Wyckoff (Ref. 29) and the single-
layer ‘best-fit” reconstruction described in Table I
[panel (c)] except dj y=3.804 A and Ay ,=5.145 X. Curve
(b): same as curve (a), but evaluated using the “best
fit” structure of Table I [panel (¢)]. Curve (c): same as
curve (a), but evaluated using dy, ,=3.404 A and AVE
=4.745 A, Curve (d): same as curve (a), but evaluated
for the [13] beam. Curve (e): same as curve (b) but
evaluated for the [13] beam. Curve (f): same as curve
(c), but evaluated for the [13] beam.,

rotationally relaxed position. The validity of this
claim is indicated for the [20] and[02] beams in
Fig. 20. For the [20] beam the 120-140 eV experi-
mental structure is best reproduced by a structure
[see Fig. 20, panel (c)] with rotated Te y position,
while the intermediate [ Fig. 20, panel (b)] and nor-
mal displacement are inferior, but still accept-
able. For the [02] beam the 60-140 eV structure
is best described by the structure with normal
displacement Te y position [ Fig. 20, panel (d)],
while increasing the Te y motion decreases the
correspondence with experiment. Thus, the best
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FIG. 20. Comparison of calculated (solid curves, six
phase shifts, rigid lattice) and measured (dashed
curves) intensities of the [20] and [02] beams of normal-
ly incident electrons diffracted from ZnTe (110) show-
ing the effects of surface Te parallel displacements.
Curve (a): the measured [20] beam intensity at T=125 K
(dashed curve) and the calculated intensity (solid curve)
using the bulk geometry of Wyckoff (Ref. 29) and the
single-layer ‘“best-fit” reconstruction described in Table
I [panel (c)] except Ay ,=5.126 A, Curve (b): same as
curve (a) except for the “best-fit” structure of Table I
[panel (c)] i.e. & ,=4.945 A, Curve (c): same as curve
(a) except evaluated for Ay ,=4.764 A. curve (d): same
as curve (a), but evaluated for the [02] beam. Curve
(e): same as curve (b), but evaluated for the [02] beam.
Curve (f): same as curve (c), but evaluated for the [02]
beam.

overall agreement is obtained with the intermed-
iate y position of the surface Te atom.

Dynamical ELEED analyses of GaAs (110) (Ref.
11) and InSb (110) (Refs. 26 and 27) structures
have indicated the presence of structural distor-
tions extending at least two bilayers into the bulk,
Energy-minimization calculations for ZnTe (110)
(Refs. 21 and 28) [see e.g., Table I, panels (b)
and (e)] also indicate the presence of subsurface
reconstructions. In our dynamical ELEED analy-
sis of ZnTe (110) we have searched for improve-
ment in the comparison between theory and experi-
ment resulting from second layer shears 4, , in
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the range —-0.02 < 4y, < 0.2 A (i.e., shears in both
directions). The best results for virtually all
beams were obtained for little or no second layer
shear [see Table I, panel (c¢)]. Previous dynami-
cal analyses of zinc-blende (110) structures indi-
cated that the [01], [11], and[21] beams were the
most sensitive to second layer distortions.!!+%¢

In the present analysis the [01] [see Fig. 5, panels
(c) and (d)], [21] [see Fig. 13, panels (c) and (d)]
and[11] [see Fig. 9, panels (c) and (d)] beams are
found to be insensitive to this variable. The only
beams improved by subsurface distortions, the
[21] [see Fig. 14, panels (c) and (d)] and the [13]
[see Fig. 18, panels (c) and (d)] beams are more
than offset by those worsened, e.g., see the [11]
[see Fig. 8, panels (c) and (d)], [01] [see Fig. 6,
panels (c) and (d)], and the [13] [see Fig. 117,
panels (c) and (d)].

It is noteworthy that most of these structures,
shown in Table I deviate from each other, in the
vertical displacements, by less than the usually
quoted® ¥ accuracy of ELEED structure analy-
ses, i.e., Ad,< 0.1 A. Therefore, the significant
structural results emanating from the dynamical
multilayer analysis are the absence of second
layer reconstructions, and the superiority of Te
v motion intermediate between those of the normal
displacement and rotationally relaxed models.

V. DISCUSSION

In this paper we report a surface structure de-
termination for ZnTe (110) via dynamical ELEED
analysis which represents an expansion of our
earlier work in four directions. First, we have
increased our data base from five to fourteen
beams. Second, our present structure analysis
has been completely carried out utilizing dynami-
cal ELEED intensity calculations although our
best-~fit structure closely corresponds to one
found kinematically. Third, the effect of both
Zn and Te displacements parallel to the surface
have been explored in detail. It is found that nei-
ther the “normal-displacement” model nor the
“rotationally relaxed” modelgives the best corre-
spondence with experiment. Rather, in the case
of ZnTe (110) the surface Zn atom is displaced
parallel to the surface the usual amount for a
rigid-bond rotation, while the surface Te atom
has a reduced y displacement. Fourth, we have
considered two energy-minimized structures, one
published and one recently proposed for ZnTe
(110) (Ref. 28).

On the basis of our model calculations we con-
clude that only the uppermost atomic bilayer is
reconstructed relative to the truncated bulk-solid
structure?® given by a unit mesh a,=4.306 A,

a,=6.089 A, and atomic positions d, ,,=2.153 &,
di,23=2.153 A, A, (Zn)=4.567 A relative to a
tellurium species at the origin of the unit mesh.
Specifically, we find that d,,,, (Te)=2.35 0.1 A,
dy,23(Te)=2.15320.1 A, d, ,,(Zn)=1.603 0.1 A,
dy,23(Zn)=2.153 0.1 A, and Ay, (Zn)=4.945 0.2
A. These tolerances, for practical purposes, ex-
clude both of the energy-minimized structures
proposed for ZnTe (110) by Chadi,?**?® but include
a 29.6° rigid-bond-rotation structure [see Table I,
panel (f)]. There is no dynamical ELEED evidence
indicating the presence of second or third layer
structural distortions.

The single-layer reconstruction we have found
for ZnTe (110); a 33.2°+4.0° surface bond angle
with the dominant bond length change a 3% con-
traction of the surface Zn-Te bond, is quite dif-
ferent from the final two-layer reconstructions
found from dynamical ELEED analysis for

- GaAs (110) (Ref. 11) and InSb (110) (Ref. 26 and

27) and is more similar to the 34.8° single-layer
reconstruction first proposed for GaAs (110) by
Lubinsky et al.!

This difference in surface behavior between
ZnTe (110) and GaAs (110) and InSb (110) is not
surprising considering their large difference in
Phillips ionicity.*® In the Phillip’s scale, GaAs
and InSb have ionicities f; equal to 0.310 and
0.321, respectively. Hence we expect identical
behavior for these materials. Estimates of the
Phillips ionicity for ZnTe, however, vary from
0.49%¢ to0 0.61.%" Thus ZnTe is roughly twice as
ionic as the previously studied materials. (In-
deed, ZnTe has ionicity near the maximum al-
lowed, fFitteal = 0,785+ 0.01, for a zinc-blende
material. For greater ionicity only rock salt
structures occur.’®) The ionicity of ZnTe is more
similar to that of ZnO, with f;=0.62.3%" The sur-
face reconstructions of ZnTe (110) and ZnO (1010)
are also similar in that both are limited to the top
atomic bilayer.?*®*! Thus, ionicity may be able
to induce different surface structures on materials
with identical bulk structures, as suggested by
Duke et al.? in their “ionic reconstruction” model.
Further ELEED analysis of ionic zinc-blende
(110) surfaces are necessary to clearly resolve
this question, although it is evident from the
analysis reported above that the surface structure
of ZnTe (110) is distinctly different in character
from the corresponding structures of the covalent
compound semiconductors GaAs and InSb.
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