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We studied the growth of diamond structured Sn on CdTe(100) by angle-resolved photoemission
spectroscopy with synchrotron radiation in the photon-energy range hv=12-34 eV. Sn grows layer
by layer in the o phase on CdTe(100). The a-Sn/CdTe(100) interface is abrupt and nonreactive. We

observe neither outdiffusion nor segregation of Cd in the a-Sn layer.

A Schottky barrier of

Vsp=0.55 eV develops after the adsorption of { monolayer of a-Sn on p-type CdTe(100).

I. INTRODUCTION

The performance of modern semiconducting devices
such as modulation-doped heterostructure lasers and
detectors depends critically on the interfacial properties of
the constituents semiconductors. The new effective-mass
filter (EMF) photodetector, for instance, consists of
several hundred alternating layers of Ga;_,In,As and
Ga;_,Al,As. Each layer measures about 5 crystal units
thick and maintains its quantum size effect only if the in-
terfaces between the two materials are atomically flat, or-
dered, and abrupt. Unfortunately systems which form a
nonreactive stable interface with two-dimensional growth
and without intermixing, segregation, or clustering are
rare.

The a-Sn/CdTe superlattice is a potential heterostruc-
ture laser candidate with interesting electronic properties.
The confinement of a thin a-Sn layer between CdTe (band
gap E,=1.56 eV at 300 K) opens the symmetry-induced
zero gap band of a-Sn and splits it into two-dimensional
sub-bands in the direction normal to the layers.! A
layer-thickness dependent energy gap appears between the
extrema of the lowest valence and highest conduction
band. Recent theoretical examinations of the quantum
size effect of a-Sn by Craig and Garisson! show that a
maximum band gap of E,; ~430 meV results for a film
thickness of 40 A. Other calculations considering the
dielectric response of thin a-Sn indicate that the typical
bulk singularities in ¢ ~! and w ~!/? are not present in a
thin film.> The static dielectric constant depends linearly
on the a-Sn film thickness. Due to a gap-independent
effective mass and a drastic change in the joint density of
states, the absorption coefficient of a thin «a-Sn film is
much higher and more abrupt than that of an alloy semi-
conductor with a comparable energy gap.

From a theoretical standpoint, a-Sn/CdTe is a promis-
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ing heterostructure, but can we actually make a working
superlattice from «a-Sn and CdTe? These materials
present two problems: Sn is stable at room temperature
in the 3 phase, not in the a phase,3 and CdTe has an un-
stable surface which frequently leads to Cd diffusion into
an adjacent material.*~® Substrate interaction with the
epilayer in the form of self-doping, and diffusion or inter-
face alloying can change or ruin the performance of a su-
perlattice system completely. Since the expected energy
gap in the a-Sn film is small it is particularly sensitive to
the degree of spatial quantization of its conduction-band
electrons, and therefore to the interfacial properties. A
useful superstructure requires a stable @-Sn and an atomi-
cally flat and sharp junction between it and CdTe. For-
tunately, the nearly perfect lattice match between a-Sn
and CdTe solves both of these problems.

Recent experiments demonstrate the ability to grow
high-quality a-Sn films by heteroepitaxy on InSb and
CdTe surfaces.”~!! The diamond structured a-Sn grows
in registry with the zinc-blende structure of the substrate.
The small lattice mismatch of <0.14% favors two-
dimensional growth and gives rise to a nearly strain-free
ideal interface region. Raman experiments studying the
phase transition from the semiconducting a phase into the
metallic 8 phase show that the substrate interfacial bonds
act to stabilize the phase transition.!> Thin a-Sn films
grown on InSb(100) transform into the 3 phase at ~115°
C whereas the transition temperature for bulk a-Sn crys-
tals occurs well below room temperature at ~13.2°C.
The increased thermal stability of thin a-Sn films may al-
low the growth of CdTe layers by MBE at moderate tem-
peratures on top of a-Sn.

The Cd diffusion problem may be solvable as well.
Previous experiments with various metal overlayers on
CdTe show that the interfaces are usually not atomically
abrupt. Among all of the III-V and II-VI compounds
studied, CdTe has one of the most unstable surfaces.*°
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Several metal monolayers are necessary to build the
Schottky barrier and to produce the maximum surface
Fermi level shift. In contrast, GaAs needs only fractions
of monolayer to develop fully the Schottky barrier.>!%!4
Brillson observed a relationship between the interface
reactivity, the Schottky-barrier height, and the heat of re-
action.!” He found that most reactive metals, those with
negative heats of reaction, formed abrupt interfaces and
low Schottky barriers whereas unreactive metals, those
with positive heat of reactions, developed wide interfaces
and high Schottky barriers. The heat of reaction for Sn to
form a SnTe compound is + 0.33 eV/metal-atom.® This
value is just slightly higher than the necessary critical
value of 0.3 eV/metal-atom needed to make a Schottky
barrier.

The aim of the present paper is to investigate the inter-
face formation and the epitaxial growth of a-Sn on
CdTe(100) in order to provide important parameters such
as the Schottky-barrier height, the interface width, and
the interfacial composition. Since these parameters criti-
cally determine the effectiveness of an a-Sn/CdTe super-
structure used as a sensitive high-speed detector, a de-
tailed study of them is a necessary prerequisite to the suc-
cessful MBE growth of the superlattice structure. We
have used angular-resolved photoemission spectroscopy
with synchrotron radiation as a local microscopic probe to
investigate the CdTe(100) surface properties and the a-Sn
interface formation. Based on Sn and Cd 4d core level
spectra, we find that Sn does not react with the substrate
and Cd does not diffuse through the Sn layer. Valence-
band and core level spectra clearly indicate the growth of
semiconducting a-Sn. The interface region is fairly
abrupt. A thin film of I monolayer saturates the band
bending and pins the Fermi level at ~0.55 eV above the
valence-band maximum.

II. EXPERIMENTAL

Mechanical polishing brought crystal plates of 8x8
mm? and about 1-mm thickness of p-type CdTe oriented
with the [100] axis perpendicular to the face to a mirror
finish. Simultaneous sputtering with Ar ions of 500-eV
energy and mild annealing to ~270°C removed surface
contamination and crystal damage left by the cutting
and polishing. Obtaining a clean and well-ordered sur-
face required sputtering and annealing for more than 10
h. The diffraction pattern from low-energy electron
diffraction (LEED) showed sharp spots. CdTe(100) sur-
faces annealed at 400°C exhibit a one domain (2Xx1)
reconstruction.'®

A liquid-nitrogen shielded molecular beam cell
equipped with a high-purity carbon crucible provided the
Sn films. At cell temperatures of ~1200°C the typical
growth rate was ~ 1 A/s. We monitored the evaporation
rate with a thermally stabilized calibrated quartz thick-
ness monitor. During the growth the sample was held at
room temperature.

We performed the angle-resolved photoemission experi-
ments at the University of Wisconsin—Madison electron
storage ring in Stoughton, Wisconsin using photons in the
range hv=12—34 collected from a Seya-Namioka type
monochromator. The total angular acceptance of the
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hemispherical sector analyzer was ~2°. The total energy
resolution of the spectrometer-monochromator unit was
~200 meV, as determined from the measured width of
the Fermi edge of metallic Sn. The angle of incidence of
the photons was 45° with respect to the surface normal.
To measure work function changes, A®, induced by the
Sn overlayers, we biased the sample with a negative poten-
tial and extrapolated the cutoff energy of the secondary
electrons in the photoemission spectra. The errors for the
relative measurements of AP are ~20 meV.

III. RESULTS AND DISCUSSION

A. Cd 4d core level spectra

Figure 1 shows the Cd 4d core level spectra measured
with hv=22 eV of clean and Sn-covered CdTe(100) taken
under normal emission. The binding energies for the Cd
4ds /55,2 levels are at 10.86 and 11.45 eV, respectively.
These results agree with those of previous experiments.®
Recent work by John et al.,'® however, showed addition-
al structure in the Cd 4d spectra which they assigned to
two surface shifted components. One component
represented the surface Cd which is bound to Te while the
other one indicated free Cd on the surface. In previous
experiments we produced similar multicomponent core
level spectra with different relative intensities by annealing
to temperatures above ~300°C. Since the present experi-
ment addresses the problem of metastable phase heteroep-
itaxy, we avoided the diffusion of Cd to the surface by an-
nealing only to 270°C. Cd 4d spectra taken with higher
surface sensitivity at hv=232 eV showed also only a single
spin orbit doublet whereas John et al.'® reported an addi-
tional surface sensitive structure having ~30% of the in-
tensity of the bulk spectrum.

Deposition of Sn shifts the Cd 4d spectra by ~0.24 eV
towards higher binding energies. This binding energy
shift reflects a downward band bending induced by the Sn
atoms of initially flat bands. The opposite situation where
the clean CdTe surface originally has bent bands which
are flattened by the addition of Sn cannot be the case
here, since an initial band bending of the clean surface
would necessarily place the bulk Fermi level close to the
midgap position of 0.60 eV above the valence-band max-
imum (VBM). The CdTe substrate used in this experi-
ment is highly p type with the Fermi level in the bulk
close to the valence-band maximum. Additional coverage
beyond 0.25 monolayers (ML) produces no further band
bending which indicates a pinned Fermi level and a sharp
interface with two-dimensional layer growth. A clustered
overlayer growth as seen, for example, with Ag on
GaAs(110) shows a shift of the valence band extending
over several monolayers.!’

Analysis of the attenuation of a substrate core level
with increasing overlayer thickness gives more direct
proof of the growth mode. For a two-dimensional layer
by layer growth the substrate core level intensity reduces
exponentially as I =1, exp(—d /A) where d is the over-
layer film thickness and A is the characteristic electron
mean free path in the overlayer material. Figure 2
shows the intensity decrease of the Cd 4d core emission
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FIG. 1. Cd 4d core level spectra as a function of a-Sn(100)
coverage. All spectra have been taken with Av=22 eV at nor-
mal emission. (ML represents monolayer.)

as a function of a-Sn monolayers. The data points fol-
low perfectly the exponential attentuation equation
In(I/1y)=—d /A. The observed exponential decrease of
the Cd 4d intensity (normalized to the zero coverage in-
tensity) with increasing Sn coverage provides strong evi-
dence for an abrupt two-dimensional layer growth of Sn.
Out diffusion of free Cd through the overlayer observed
for numerous metal/CdTe interfaces does not occur at
the a-Sn/CdT(100) interface.

The exponential substrate attenuation allows also the
determination of the electron escape depth. An attenua-
tion of the Cd 4d intensity by 1/e occurs at an overlayer
coverage equal to the mean free path. From Fig. 2 we
deduce a mean free path of A=10.5 ML of Sn, or A=17
A for electrons with ~6-eV kinetic energy. Accurate
electron mean-free-path values are still scarce in the
literature for semiconductors. This scarcity is particu-
larly true for the low-energy side of the escape depth
function. Our value of A=17 A agrees reasonably well
with those obtained for Si, Ge, and GaAs measured in
the same kinetic energy region.!8 =20

B. Valence-band spectra

Figure 3 shows the evolution of the a-Sn valence-band
spectra as a function of the Sn coverage taken at normal
emission with Av=20-eV photons. The angular-resolved
valence-band spectra for the clean CdTe(100) shows in
this energy range a typical three peak structure. The
peaks labeled 4 and B at ~2.0 and ~ 3.4 eV binding en-
ergy which disperse with photon energy originate from
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FIG. 2. Decrease of Cd 4d core level emission as a function
of a-Sn coverage.
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FIG. 3. Normal emission valence-band spectra of the a-

Sn/CdTe(100) interface as a function of a-Sn coverage. The
Fermi level of the a-Sn-covered samples has been shifted accord-
ing to the binding-energy change of the Cd 4d core level.
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direct transitions out of the first and the second bulk
valence bands of CdTe. (The dispersion with photon en-
ergy is not shown in the figure.) The third peak C which
does not disperse with photon-energy results from indirect
transitions with initial states at flat band regions
(dE /3k =0) near the X and K points.?! Indirect transi-
tions from these regions are very typical for materials with
zinc-blende structure. The relatively high intensity does
not necessarily imply that the material is of bad single-
crystal quality, but rather reflects mainly the existence of
a large volume in k space with a high density of states due
to flat regions of the valence bands.

The characteristic CdTe(100) valence-band spectrum di-
minishes gradually with increasing Sn coverage. Direct
transitions are extremely sensitive to overlayer adsorption,
since they represent the initial-band structure at a particu-
lar k point. The indirect transitions, conversely, are an
integral measure of the band structure over an extended k
range and are much less sensitive to the presence of the
adsorbed overlayer. As one observes, from Fig. 3, the
heights of peaks 4 and B immediately change with small
amounts of Sn and finally their relative intensities reverse.
Peak C, on the contrary, remains nearly uneffected for
small coverages. As deduced from the Cd 4d core level
binding-energy shift (see Fig. 1), the adsorption of Sn pro-
duces an interface dipole which forces a downward bend-
ing of both the CdTe bands and the Cd 4d core level at
the interface region. Correcting the band bending effect
by shifting the valence-band photoemission spectra by the
same amount towards lower binding energies realigns the
characteristic emission structures with features of the
clean CdTe(100) surface.

From a first glance this figure gives the impression that
the interface evolves over a region of ~20 ML in thick-
ness. However, determining the interface width by fol-
lowing the decay of the substrate valence-band emission
and the evolution of the overlayer emission in a binding-
energy region where both materials contribute to the spec-
tra is very difficult. Attenuating the underlying substrate
emission so that the unperturbed overlayer spectrum is
detectable requires an overlayer thickness well above the
photoelectron escape depth A. From Fig. 2 we determine
the escape depth A~ 10 ML for electrons of Ey;, ~6 eV.
For valence-band electrons excited with Av=20 eV the ki-
netic energy is slightly higher and therefore the escape
depth is somewhat smaller. By comparison with the
mean free path in Si (Ref. 18) we estimate a mean value of
the escape depth A ~8 ML for the valence-band region in
a-Sn.

Keeping in mind that the intensity of an electron beam
passing through a layer of thickness A attenuates by 64%
and that of a layer of thickness of 3A by 95%, we see that
even for an atomically abrupt interface the valence-band
photoemission spectrum has to show noticeable changes
over a film thickness of at least 2A. Thus the apparent
change in the valence bands shown in Fig. 3 over a 15-
ML thickness is exactly what is expected from a sharp in-
terface.

The emission increase around the Fermi level with in-
creasing Sn coverage is more clearly visible in Fig. 4
where spectra are taken at Ahv=20 eV and ©=23° off
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FIG. 4. Valence-band photoemission spectra of the a-

Sn/CdTe(100) interface taken around the boundary of the sur-

“face Brillouin zone at the X point.

normal. The parallel component k; of the outcoming
photoelectron points along the [110] direction. For elec-
trons with a binding energy of a few eV and a work func-
tion ®=4.36 eV for the a-Sn(100) the k; component is
around the X point of the first surface Brillouin zone.
Around this region in k space the top of the valence band
is dispersed further away from Ef, and bands responsible
for peaks 4 and B in the normal emission spectra of Fig.
3 move closer together. By dispersing the substrate
valence-band emission towards higher binding energy the
emission from the Sn overlayer becomes dominant near
Er. We will present a more detailed analysis of the CdTe
experimental band structure along high-symmetry lines in
k space and around characteristic k points in the surface
Brillouin zone in a separate paper.”? For the present
study the important observation is that the valence-band
spectra at ~X exhibit less structure than those taken with
kH =0 at I_-‘

The reduction to only two main features in the sub-
strate valence-band spectra makes the detection of new a-
Sn-related structures much easier. As seen in Fig. 4 the
adsorption of small amounts of Sn causes again an im-
mediate increase of emission in the CdTe gap region
below Er and a subsequent reduction of the two charac-
teristic CdTe peaks. The right part of Fig. 4 shows an en-
larged part of the region ~1 eV below Er. These spectra
which were produced by a difference curve between the
Sn covered and the clean surface show that the photo-
emission intensity from a 1-ML a-Sn overlayer and a
thick a-Sn film both fall linearly and intersect the abscissa
at the Fermi level. The only difference between the thin
and the thick films is that the total intensity in this energy
region for thicker films leads to a steeper slope of the
difference spectrum. Additional Sn beyond 1 ML simply
adds to the existing Sn emission but does not produce ad-
ditional features.
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The immediate “pinning” of the leading edge of the
valence-band spectra close to Ef is strong evidence for an
abrupt interface between CdTe(100) and the ordered over-
layer growth of a-Sn. Near Er we see neither the forma-
tion of interface gap states nor the evolution of thickness-
dependent occupied quantum-well states. Metallic Ag
overlayers on Si show clearly these thin film related
states.”> Recent calculations employing the linear com-
bination of atomic orbitals (LCAO) method confirm the
existence of one-dimensional quantum-well states for the
a-Sn/CdTe(111) interface.’

The truncation of the number of a-Sn layers leads to a
strong perturbation of the p orbitals which are oriented
along the [111] direction. The binding energy of the p-
like bonding orbitals varies slowly from ~ 100 meV below
Efp for a 30-A thick film and approaches Er at an over-
layer thickness of ~100 A. The antibonding p-like con-
duction band state shows a slightly different thickness
dependence. For 20 A of a-Sn it starts at ~180 meV
above Er, reaches a maximum of ~320 meV at 40 A,
and comes back to about 100 meV above Eg for 100 A of
a-Sn. Unfortunately, theorists have performed calcula-
tions only along the [111] direction. The properties of the
bonding and antibonding orbitals in a thin layer confined
along the [100] direction is, therefore, not clear. The
shape of the inelastic scattered electron tail in low-energy
electron loss experiments seem to verify the existence of
empty (conduction-band) quantum-well states for this sys-
tem.?* Despite the evidence in favor of gap states, the re-
sults here neither prove nor disprove their existence.

These experiments do not provide evidence of a sharp
localized thickness-dependent emission in the energy
range ~1 eV below Ep. At present, though, we can not
rule out the existence of quantum-well related valence-
band states for a-Sn/CdTe(100) interface. The total ex-
perimental energy resolution of AE ~200 meV may smear
narrow structures. Cross sections or symmetry rules may
lower or even forbid transitions for the present detection
geometry. More theoretical and experimental work is
needed in order to enhance the detection efficiency of the
expected quantized conduction states by either tuning the
photon energy or searching with different excitation
geometries in other areas in the Brillouin zone.

C. Sn 4d core level spectra

Figure 5 shows the evolution of the Sn 4d core level
spectra with increasing Sn coverage, taken under normal
emission with Av=34 eV. The binding energy of the Sn
4ds,, level is at 23.81+0.05 eV for small coverages of a-Sn
and it shifts continuously with increasing coverage to
23.95+0.05 eV for 45 ML of Sn. The binding energy for
a bulk film of the metallic B-Sn (as shown in the top of
Fig. 5) is ~150 meV smaller than that of a bulk a-Sn
sample. Friedman et al.?> predicted a shift towards
smaller binding energies for the Sn 4d levels in 3-Sn but
their calculated absolute value of AE(4d)=0.3 eV is
much bigger than what we found. Friedman et al.?® also
performed an experiment to measure the binding-energy
difference between the 4d levels of a- and B-Sn. By cool-
ing a polycrystalline 3-Sn sample, they found a shift of
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AE,(4d)~0.32 eV. However, the applicability of their
observed shift to the formation of a-Sn at temperatures
below 13.2°C is not clear at this point since they did not
report the disappearance of a strong Fermi level emission
of the metallic B phase after thé phase transition nor did
they do any other additional studies to verify the a-phase
formation after the sample was cooled down for a
sufficiently long time.

The small increase in binding energy of the Sn 4d level
with increasing a-Sn coverage could result from the inter-
face dipole layer. The downward band bending of the p-
type CdTe after the adsorption of Sn creates a positive
charge accumulation at the Sn interface while the negative
charge distribution decays into the CdTe substrate. The
decay length depends mainly on the carrier concentration
and extends in a semiconductor typically over several
100-1000 A.2® On the metallic side of the barrier the de-
cay length is usually sufficiently short. The first layer
screens the charge causing the bending. In the present
case where the Sn overlayer grows as s semimetal thin
film or as a small gap semiconductor, one may also expect
a fairly short decay of the band bending over several lay-
ers on the Sn side of the interface.

In addition to a shift in binding energy between the two
Sn phases, the Sn 4d emission is ~50% broader in the a
phase than in the metallic 8 phase. The small (~ 150

T T T 1
Sn/CdTe(100)
0.14eV
hv=34eV f—
Sn 4d3/2" [ Snadg,

k,=0 ;

B-Sn '
@
'c
3
£
s ML |
> 45
=
Z |
i 1
w 30 |
) S

* \J\/\

6 \/\

|
1 [ L Il
26 25 24 23

BINDING ENERGY (eV)

FIG. 5. Photoemission spectra of the Sn 44 core level of the
a-Sn/CdTe(100) interface as a function of Sn coverage. The
spectra have been measured under normal emission with
hv=234-eV photons.
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meV) band bending in the Sn overlayer could cause these
broadenings. For a decay length of the band bending
comparable with the mean free path of the photoelectrons,
the spectra is a superposition of transitions with different
binding energies.

General inhomogenities and Sn cluster formation can-
not be the source of the broadening since the Sn film
grows layer by layer. The small lattice mismatch of
0.14% with the CdTe substrate, however, causes some
strain which may effect the electronic structure over an
extended film thickness. We have begun additional quan-
titative studies of strained a-Sn epilayers which may shed
some more light on this aspect. At this point we can only
speculate about the origin at the small binding-energy
shift and increased peak width of the Sn 4d emission in
a-Sn.

D. Energy-level diagram of the a-Sn/CdTe(100) interface

Photoemission spectroscopy provides an excellent tool
for extracting from one experiment important interface
parameters such as band offsets AEyg, positions of Er
with respect to the top of the valence band and electron
affinities X. Figure 6 shows the Cd 4d and Sn 4d
binding-energies shifts, the Schottky-barrier formation in
the valence band, and the work function changes with in-
creasing a-Sn coverage. We reference all energies with
respect to the Fermi level which remains constant
throughout the interface. Using this energy presentation
causes the vacuum level VL to follow the changes A¢ of
the work function. We have measured the work func-
tion from the photoemission spectra around the photo-
emission threshold region. Biasing the sample allowed
clear distinction between the different work functions of
the sample and the electron analyzer. The absolute ac-
curacy of the work function ® is ~200 meV and reflects
the accumulation of errors in determining the photon
energy, the Fermi level, the top of the valence-band
emission, and the exact point of the photoemission
cutoff. The relative change of the work function Ag,
however, is much more accurate. The estimated error
for A¢ is ~20 meV. As seen in Fig. 6 the deposition of
Sn lowers the photoelectric threshold from the
CdTe(100) value of ¢=5.26 eV to the thick a-Sn value
of $=4.35eV.

The work function change is not abrupt during the in-
terface growth. Initially it decreases sharply by A¢~0.21
eV for 0.25 ML of a-Sn but it then slowly changes over
the next ~20 ML before reaching the final thickness in-
dependent work of bulk a-Sn.

In theory the work function consists of two different
contributions. The bulk chemical potential & which is a
measure of the Fermi level with respect to the “zero” of
the crystal potential, and the dipole barrier D which is a
surface term caused by a “spill over” of charges at the
crystal/vacuum interface. Calculations of ¢ considering
both quantities /i and D agree reasonably well with experi-
mental data from simple metals.”’ The electron density
distribution around the vacuum/metal interface which is
responsible for this dipole layer formation changes over
relatively short distances. The so called Friedel oscilla-
tions of the charge distribution towards the inside of the
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interface has a typical length of ~L1kg. This value indi-
cates that a full dipole layer contribution to the work
function develops for a typical metal after 1-2 layers
which agrees well with existing data of the work function
changes for thin alkali-metal films grown on transition-
metal surfaces. Lang and Kohn,?® however, pointed out
that the oscillation length critically depends on the density
of states at Ef.

Our work function measurements indicate that charge
densities may vary over as much as ~20 ML in a sem-
imetallic material like a-Sn. The presence of an electro-
static field generated by the dipole layer at the a-Sn/CdTe
interface may provide an additional contribution to
broaden the surface dipole layer at the a-Sn/vacuum in-
terface and thus may cause the a-Sn work function to de-
velop gradually over an extended distance from the CdTe
surface.

Extrapolation of the leading edge of the valence-band
emission to zero is the usual method for determining the
top of the valence band from a photoemission spectrum.
Interface studies® frequently involve this method but its
usage requires some precautions. The emission from the
top of the valence band originates from a very localized
small k-space volume around the I' point and contrib-
utes a relatively small amount to the total emission spec-
trum. The emission from other regions of the bulk Bril-
louin zone does not, therefore, force the leading edge of
the total emission spectrum to point to the valence-band
top at the I' point. This argument is particularly true
for an angle-integrated photoemission spectrum which
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FIG. 6. Evolution of the energy levels of the Sn-CdTe struc-
ture as a function of increasing Sn coverage. The shift of the
valence band and the substrate core level emission are due to
band bending after the deposition of ~ 1 ML of Sn.
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must sample over a large part of the Brillouin zone in
order to reproduce density of state features. Angle-
resolved spectra, on the contrary, sample selectively in k
space. By changing the photon energy, one tunes transi-
tions along a particular k direction and thus allows for a
determination of both the binding energy and the k vec-
tor for a particular feature in a photoemission spectrum.
The emission from I' gives the valence-band top.

We took normal emission spectra of CdTe(100) at
different photon energies and determined the emission of
the 'y bulk valence band to be 0.3+0.1 eV below the
Fermi level. Since the energy gap for CdTe at 300 K is
E,=1.56 eV, the bottom of the I'¢ conduction band
lies at 1.26 eV above Ep. Using the experimentally
determined photoelectric threshold (¢=FEvy; —Evyg)
$=5.26%0.2 eV for CdTe(100) we can also estimate an
electron affinity (Y=¢ —E,;) X=3.7%0.2 eV. From pho-
toelectric yield measurements, Swank>! reported a slight-
ly higher value of X =4.28 eV.

Adsorption of Sn causes the valence band to bend
downward by AEyg=0.25 eV with + ML of Sn as indi-
cated by the constant binding energy of the Cd 4d core
level with further Sn coverage. From the 0.25-eV band
bending and the separation between the top of the
CdTe(100) valence band to Er we determine a Schottky
barrier Vsg=0.55 eV for the interface of @-Sn with p-type
CdTe(100). Applying the Schottky model where the work
function difference Vsg=®Pg—Py; of the two materials
determines the barrier height Vsg between a metal and a
p-type semiconductor, we expect a much higher value of
Vsg=0.91 eV. One frequently observes a discrepancy be-
tween experimental and theoretical barrier heights at met-
al semiconductor interfaces. The shortcoming of the sim-
ple model is the presence of interface states which stabi-
lize the Fermi-level shift.

The top of the a-Sn valence band pins at Er within a
coverage of 1 ML of Sn. Angle-resolved valence-band
spectra taken around the T and X point of the surface
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Brillouin zone do not give any indication of additional Sn
related interface state emission with the onset of the a-
Sn/CdTe formation.

IV. CONCLUSIONS

We summarize the angle-resolved valence-band and
core level studies of the a-Sn/CdTe(100) interface forma-
tion as follows. (i) Sn grows layer by layer in the a phase
on CdTe(100) substrates. The a-Sn phase is stable in a
thin film well above room temperature (ii) The a-
Sn/CdTe(100) interface is abrupt and nonreactive. At
room temperature Cd neither interdiffuses nor segregates
in noticable amounts on top of the @-Sn films. (iii) «-Sn
develops a Schottky barrier with p-type CdTe(100) of
VSB':O-SS eV.

The encouraging findings demonstrate the possibility of
growing a well-defined interface between a-Sn and CdTe.
A well-characterized interface is an important precursor
to the growth of a high-quality super lattice structure of
these two materials. We recently performed additional
experiments on the epitaxial growth of CdTe on a-Sn sub-
strates. Core level emission measurements do not give
evidence for Cd or Te outdiffusion or Sn,Te, compound
formation.*
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