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Formation of the Zn/CdTe„100… interface: Interdiffusion, segregation, and Cd-Zn exchange
studied by photoemission

C. Heske, U. Winkler, D. Eich, R. Fink, and E. Umbach
Experimentelle Physik II, Universita¨t Würzburg, Am Hubland, D-97074 Wu¨rzburg, Germany

Ch. Jung and P. R. Bressler
BESSY-GmbH, Lentzeallee 100, D-14195 Berlin, Germany

~Received 17 March 1997!

The interface formation of Zn/CdTe~100! has been investigated using synchrotron and MgKa x-ray pho-
toelectron spectroscopy. We identify five distinct phases of the interface formation process, including the
passivation of surface defects by small amounts of adsorbed Zn (< 0.1 Å!, diffusion of Zn into Cd vacancies
and lattice-site defects, and a Cd-Zn exchange, thus forming the ternary compound Cd12xZnxTe in a near-
surface region. In the final stage of the indiffusion, we find significant Cd segregation and also, to a smaller
extent, Te segregation. The formation of a metallic Zn overlayer for high Zn coverages is associated with a
surface photovoltage effect at room temperature. The results derived from the investigation of Zn-induced band
bending, surface core-level shifts, and peak area evaluations are discussed, and a model based on the variation
of the photoemission information depth is given. We also present a simple method to determine the onset of Cd
segregation in order to identify the ternary Cd12xZnxTe surface-alloy with maximum Zn content.
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I. INTRODUCTION

Among II-VI semiconductor compounds, CdTe plays
dominant role due to the wide field of its technological a
plications such as infrared detectors and solar cells. Emp
ing ternary CdTe-based compounds such as Cd12xZnxTe,
band-gap and/or lattice parameter engineering can be
formed by a variation of the concentration parameterx. Thus
lattice mismatch, generally encountered in the formation
semiconductor heterojunctions, can be minimized by cho
ing the appropriate ternary concentration, hence reducing
density of defects at the semiconductor interface. Moreo
band-gap engineering allows the design of special, probl
oriented band-offset structures to either minimize or ma
mize the influence of valence- and conduction-band offs
in semiconductor heterojunctions.

These engineering opportunities are generally approac
from a ‘‘bulk point of view,’’ i.e., by using ternary substrat
materials or by growing thick, bulklike films by molecula
beam epitaxy~MBE! or atomic layer epitaxy~ALE!. How-
ever, the interface properties of a semiconductor heteroju
tion strongly depend on thesurfaceproperties of the under
lying substrate material such as the ternary composition
the surface, the electronic and geometric surface struc
the surface band gap, the Fermi-level pinning position, a
in the case of polar surfaces, the surface termination.

Therefore, two different procedures appear feasible in
der to gain a detailed understanding of heterojunctions
volving ternary semiconductors. First, one could investig
the influence of variations of the bulk parameters on the s
face properties, and thus establish rules which allow to
rive indirectly the state of the surface from bulk operatio
Or, second, one could generate the ternary compound
near-surface region by interdiffusion of the third constitue
into a binary substrate material, as was first pointed out
Wall et al. for Mn/CdTe~110!.1

In this study, we demonstrate the possibility of the seco
560163-1829/97/56~20!/13335~11!/$10.00
-
y-

er-

f
s-
he
r,
-

i-
ts

ed

c-

at
re,
d,

r-
-

e
r-
e-
.
a

t
y

d

approach in the case of Zn and CdTe~100! by investigating
the electronic structure of the near-surface region, and
employing the dependence of the x-ray photoemission in
mation depth on the energy of the incident photons. T
installation of an additional MgKa x-ray source at the PM5
~HE-PGM3! monochromator beamline at the BESSY stora
ring enabled us to cover a wide photon energy range~1253.6
eV and 90–650 eV!, combined with the high spectral reso
lution at high photon energies for the synchrotr
experiments.2 Thus the investigation of surface core-lev
shifts ~SCLS’s! of low-lying core levels such as Cd 3d and
Te 3d, and a comparison of core-level emission for vario
kinetic energies were possible. No photoemission invest
tions of Zn adsorption on II-VI semiconductors have hithe
been reported, to our knowledge.3

As will be discussed throughout the paper, the interdif
sion processes of the Zn/CdTe system take place in sev
distinct phases. However, we will present a simple method
determining the stage of interdiffusion by investigating t
shift of core-level photoemission peaks, which provides
valuable monitor for the formation of Cd12xZnxTe in the
near-surface region.

In Secs. II and III, the experimental parameters and
sults will be presented. The analysis of Zn-induced co
level shifts and band bending as well as the information
rived from Cd surface core-level shifts will be given in Se
IV. Finally, Sec. V presents an interdiffusion model based
the experimental data and on a simple model calculation
the photoemission signal attenuation with increasing Zn c
erage.

II. EXPERIMENT

The interface formation of Zn/CdTe~100! was studied by
successively evaporating Zn from an Al2O3 crucible onto a
commercial CdTe~100! single-crystal surface at a rate of a
proximately 1 Å per minute. The polar~100! surface of the
13 335 © 1997 The American Physical Society



tio
rte
in
d

n

t

ep
ur
m
ts

of
m

d
he
w

ac
t

r
n
a
in

is
ct

i

b

s
os
te
a
e
s

ye
re
p
c

h
ri

ra

a
st

hat
er-
this
tive

Te
no
cted,

nd
ng

dTe

Å,
ion
n
t a

Au

ga-

cted,

om
ies,

i
was
The
igh-

13 336 56C. HESKEet al.
CdTe substrate was prepared by repeated sputter~1-keV Ar
ions! and annealing steps~300 °C!. The validity of this ap-
proach and its influence on surface structure and termina
have been thoroughly investigated, and are repo
elsewhere.4–7 For the present preparation conditions the
vestigation of surface core-level shifts revealed a C
terminated surface.

We employed the high energy resolution of the pla
grating monochromator PM5~HE-PGM3! at the BESSY
synchrotron source for a wide photon energy range using
HIRES photoemission spectrometer. At a photon energy
hn5450 eV, the Gaussian~i.e., total experimental!, contri-
bution to a Voigt line-shape fit of the Cd 3d3/2 core-level
spectra is about 0.4 eV.

In studies using successive overlayer deposition st
great care has to be taken to minimize the overall meas
ment time in order to avoid influences of contamination fro
residual gas particles~the base pressure in our experimen
was 2310210 mbar!. Even though no significant O 1s or C
1s photoemission signals could be detected at the end
stepwise deposition series, we minimized possible conta
nation effects~such as the formation of ZnO! by investigat-
ing two separate deposition series, with an emphasis on
ferent experimental information. In the first series, t
surface structure of the pristine CdTe substrate alone
monitored by low-energy electron diffraction~LEED!, and
the synchrotron photoemission investigations after e
deposition step focused on the valence-band region and
~shallow! core levels Cd 4d, Te 4d, Zn 3d, and Zn 3p. In
addition, Mg Ka x-ray photoemission spectroscopy~XPS!
measurements of each element were performed in orde
allow a comparison of results from different informatio
depths. For the second series, the attention was aimed
LEED investigation after each deposition step and at the
vestigation of the SCLS’s of the Cd and Te 3d3/2 levels in
addition to the above-mentioned~shallow! core-level mea-
surements. No MgKa measurements were performed in th
case. The LEED investigations revealed an unreconstru
surface@~131! LEED pattern# for the pristine CdTe sample
in both series. The surface structure did not change w
increasing Zn coverage up to a nominal coverage of 14
~second series!, while the background intensity of the LEED
pattern increased. Above 14 Å, no LEED pattern could
observed.

The thickness determination of deposited Zn overlayer
a rather problematic task, for two reasons. First, Zn dep
tion leads to a significant diffusion into the substrate ma
rial, e.g., CdTe, as will be shown below. Second, Zn appe
to have a rather small sticking coefficient on some surfac
which is consistent with the extremely high Zn vapor pre
sure required for detailed-balance conditions.8 We also no-
ticed severe problems when determining the Zn overla
thickness by using a quartz microbalance which monito
the Zn flux at the sample position before and after each de
sition step. In a first deposition series the microbalan
quartz was covered with a thick CdTe overlayer, while t
quartz had to be replaced before a second deposition se
On the clean quartz surface the sticking coefficient was d
tically enhanced~by about a factor of 4!, and hence much
larger fluxes were monitored. Therefore, we had to renorm
ize the exposure of the second series such that a consi
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quantitative development of all data occurred. It is noted t
the determination of the Zn overlayer thickness may gen
ally be quite uncertain, and that the thicknesses given in
paper are just nominal values which are accurate as rela
measure within a series but not as absolute values.

III. PHOTOEMISSION SPECTRA

The evolution of the upper valence band region of Cd
is shown in Fig. 1 for increasing Zn coverage. While
significant changes in the overall spectral shape are dete
both the valence-band edge as well as the~partly angle-
integrated! split-off band at a binding energy between 5 a
6 eV experience a downward shift toward higher bindi
energies up to a nominal Zn coverage of 5 Å~for a detailed
discussion of the valence region emission features of C
we refer to Refs. 9–17!. For higher coverages~6 and 10 Å!,
an upward shift of the spectral features is observed. At 18
finally, a Fermi edge is resolved, suggesting the format
either of a metallic Zn overlayer or of sufficiently large Z
islands. The position of the Zn Fermi edge is detected a
slightly higher kinetic energy~0.15 eV! than the Fermi en-
ergy of the instrument as derived from a sputter-cleaned
reference. This effect is due to a surface photovoltage~SPV!
frequently encountered in metal-semiconductor investi
tions with synchrotron photoemission.18,19 Even at room
temperature such a surface photovoltage can be dete
e.g., for the Mn/Cd~Zn!Te~100! interface system.20 In the
case of Zn/CdTe, the largest SPV effect we observed at ro
temperature is a 0.3 eV shift toward higher kinetic energ

FIG. 1. Photoemission spectra~hn590 eV! of the upper
valence-band region of CdTe~100! ~0-Å Zn! and for different nomi-
nal Zn coverages. The first evidence of a Fermi edge~i.e., for a
metallic overlayer! is detected in the 18-Å spectrum. The Ferm
energy of the instrument and hence the binding-energy scale
separately determined by a sputter-cleaned Au-foil reference.
spectra were normalized by the background count rate on the h
binding-energy side.



in

tra
: t

p-

th
d/

po
-
ld
or

gy

w
r-

p
hi
-
s-
C

Zn
ith

ted
ick-

ag-

3
dis-
an

,
n-

on

Zn
f a
vel
e to

ies

ole
ies,

pe-
the
r.
d
ong
te,

y

nt
nce

-

d
rg

ow-

56 13 337FORMATION OF THE Zn/CdTe~100! INTERFACE: . . .
as is in accordance with the overall downward band bend
in Fig. 1.

The lower valence-band region of CdTe~100! and the Zn/
CdTe interface is shown in Fig. 2. The displayed spec
features are superpositions of several shallow core levels
dominant feature in the lowest spectrum~0-Å Zn! is mainly
composed of the spin-orbit-split Cd 4d core level~at about
10.9 and 11.5 eV!. Moreover, Cd atoms located in the to
most layer of the polar~100! surface give rise to a SCLS
which is mainly due to a change of the coordination state,
Madelung potential, the cation-anion charge transfer, an
the final-state screening of the photo hole.7 As will be dis-
cussed in more detail in Sec. IV, this surface-shifted com
nent of the Cd 4d3/2 level is detected on the high-binding
energy side of the bulk peak, and thus leads to a shou
between 12 and 12.5 eV in the bottom spectra. Furtherm
dispersing Te 5s emission21 and transitions from theX6

v criti-
cal point12 have been reported on the low-binding-ener
side of the Cd 4d bulk peaks.

As in the case of the upper valence-band region, a do
ward band bending~i.e., a shift toward higher binding ene
gies! is observed in Fig. 2 for the composed Cd 4d feature
with increasing Zn coverage up to 5 Å, followed by an u
ward shift for further deposition steps and a downward s
for the highest Zn coverage~for which a Fermi edge is re
solved!. Apart from an influence on the SCLS to be di
cussed in Sec. IV no significant line-shape changes of the
4d emission are detected for increasing Zn coverage.

Finally, additional emission features pertaining to the
3d levels evolve around a binding energy of 10 eV w

FIG. 2. Photoemission spectra~hn590 eV! of the lower
valence-band region of CdTe~100! for increasing nominal Zn cov-
erages, showing the spin-orbit-split Cd 4d features~at about 10.9
and 11.5 eV in the 0-Å Zn spectrum! and their surface-shifted com
ponents at higher binding energy~labeled SCLS! as well as two Zn
3d emission features~9.7 and 10.2 eV in the 18-Å spectrum! which
appear for nominal coverages>2 Å. The spectra were normalize
by the count rate average of the high- and low-binding-ene
sides.
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increasing Zn coverage. Two clearly distinct peaks separa
by 0.6 eV can be detected at and above a nominal Zn th
ness of 2 Å.

A large number of values has been reported for the m
nitude of the spin-orbit splitting of the Zn 3d levels, varying
from zero to almost 0.8 eV.22–26 For the Zn~0001! surface,
Himpsel et al. emphasized the band character of the Znd
states in finding that their observations such as energy
persion and interband transitions are incompatible with
atomic core-level model.27 Similarly, Wei and Zunger clari-
fied the role of the Zn 3d states in II-VI semiconductors
finding thatp-d repulsion and hybridization have some i
fluence on the semiconductor properties, among others
the magnitude of the spin-orbit splitting.28

Based on our experimental results, we believe that the
3d emission features have to be viewed in the context o
band structure rather than as pertaining to atomic core-le
emission. Thus, the two peaks are interpreted as being du
spin-orbit splittingin conjunctionwith hybridization and de-
localization. The coexistence of two different Zn spec
seems unlikely, since the intensity ratio of the two Zn 3d
peaks remains approximately constant throughout the wh
deposition series. We indeed detect two different Zn spec
as will be discussed below~Fig. 4!, but the first species is
found for the first Zn deposition steps, while the second s
cies evolves at a nominal thickness of 1 Å, comparable to
coverage range in which the Zn 3d emission features appea
Apparently, the discernible Zn 3d features are associate
only with the second Zn species, which suggests a str
interaction of the first Zn species with the CdTe substra
and a strong Zn 3d contribution to the chemical bond b
mixing with valence orbitals~bands!.

In Fig. 3 the photoemission spectra of the Te 4d core
levels are shown. As in the case of Cd, no significa
changes in line shape are detected, thus giving no evide

y

FIG. 3. Photoemission spectra of the Te 4d levels of CdTe~100!
for increasing nominal Zn coverages~hn590 eV!. The spectra
were normalized by the count rate average of the high- and l
binding-energy sides.
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13 338 56C. HESKEet al.
for the formation of a second Te species~e.g., ZnTe!. The
peak positions of the Te 4d core levels are also shifted to
ward higher binding energies with increasing Zn covera
reaching a maximum at 5 Å, and are shifted back for hig
coverages. Again, the spectrum with the metallic overla
~18-Å Zn! reveals a line position at higher binding energy

The Zn 3p spectra of Fig. 4 taken from the second sam
exhibit a small Zn signal even for the pristine, nomina
Zn-free CdTe surface~in contrast to the first sample, whic
showed no Zn signal!. At this point, the sample had mere
been sputtered and annealed in the photoemission cham
and hadnot yet been transferred into the MBE chamber
contamination of the surface from the Zn source can thus
ruled out. We therefore expect this line position to be rep
sentative of the substitutionally incorporated Zn
Cd12xZnxTe.29 For increasing Zn coverage, the sam
binding-energy shift of all spectral features as in the Cd a
Te case is detected. Moreover, a second Zn species at l
binding energy evolves at a nominal coverage of 1–2 Å
coincidence with the above-mentioned detection of the
3d double peak of Fig. 2. This second phase becomes do
nant in the high-coverage~18 Å! spectra, and is thus consid
ered to represent Zn atoms in a metallic or nonionic bond
state.

From Zn 2p3/2 XPS spectra taken with MgKa radiation
~not shown!, the same behavior can be derived as for s
chrotron measurements of the Zn 3p levels. In this case the
line position of the first few deposition steps is significan
shifted toward lower binding energy, and the linewidth
increased with increasing nominal coverage> 1 Å due to a
superposition of the two Zn species. For high coverag
large amounts of Zn are detected, which can be significa

FIG. 4. Zn 3p photoemission spectra taken athn5202 eV.
Some Zn emission can be detected even for the nominally Zn-
CdTe single crystal surface~0-Å Zn spectrum!. With increasing Zn
coverage, a second Zn species at lower binding energy can be
tinguished~nominal coverage>1 Å!, which becomes dominant in
the high-coverage regime. The spectra were normalized by
count rate at the low-binding-energy side.
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reduced by annealing at 300 °C in UHV for 10 min. Appa
ently, a large amount of Zn atoms can be removed from
photoemission information volume via desorption and/or d
fusion into the bulk.

Several general trends can be derived from the exp
mental results presented so far. First, a prominent Zn di
sion is expected from the fact that a Zn Fermi edge is
tected only at very high nominal coverages, while the Zn 2p,
3p, and 4d spectra reveal significant amounts of Zn with
the photoemission information volume. Second, two diff
ent Zn species are detected, which can be correlated
substitutionally incorporated Zn at low nominal coverag
and with Zn in a nonionic or metallic environment in th
high-coverage range. Finally, a relatively complex ban
bending behavior has been observed for increasing Zn c
erage. From these results we derive several distinct inter
fusion phases for the Zn/CdTe interface formation, wh
will be discussed in the following sections.

IV. EVALUATION OF BINDING-ENERGY SHIFTS

In this section, a more detailed analysis of the bindin
energy shifts with increasing Zn coverage will be given, a
we take a closer look at the surface core-level shifts rev
ing the surface termination. The results of this analysis th
lead to the model presented in Sec. V.

In Fig. 5 the binding-energy shifts of several photoem
sion signals are displayed for increasing Zn coverage.
values are referred to those from the pristine, unexpo
CdTe~100! surface~0-Å Zn, and a binding energy shift of 0
eV, not shown due to the logarithmic scale of the abscis!.
The data points have all been derived from photoemiss
spectra taken athn590 eV, which gives the maximal photo
energy resolution for fixed settings of monochromator s
and electron analyzer parameters. Great care was take
determine the position of the Fermi energy of the instrum
with a Au-foil reference for each injection of the BESS
storage ring. Throughout the deposition series, the pho

e

is-

e

FIG. 5. Binding-energy shifts of various photoemission featu
with respect to the binding energies of pristine CdTe~i.e., 0-Å Zn!
for increasing nominal Zn coverage on a logarithmic scale. T
open squares pertain to the split-off band at a binding energy of
eV ~see Fig. 1!. The edge of the valence band~full squares! was
determined by linear extrapolation. The various interdiffusi
phases~I–V! are discussed in the text.
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56 13 339FORMATION OF THE Zn/CdTe~100! INTERFACE: . . .
energy~and thus the measurement of the Fermi energy! var-
ied by less than 0.04 eV.

Apart from the Te 4d5/2 and the bulk Cd 4d5/2 peaks, the
split-off band at a binding energy between 5 and 6 eV~see
Fig. 1! and the valence-band edge have been evaluated.
position of the edge has been determined by a linear extr
lation. Since no significant changes in the shape of
valence-band edge occurred during the Zn deposition st
this procedure is regarded as exact~within 60.1 eV! in de-
termining relative energy shifts such as those presente
Fig. 5.

The band-bending behavior of the Zn/CdTe interface f
mation can be divided into five different phases. The fi
phase consists of the pristine CdTe and the very first de
sition step, and will be discussed in more detail below. I
second phase~II !, the energy position of all evaluated spe
tral features remains moderately constant, while there
sharp increase of the binding energy in the third phase~III !,
reaching a maximum for a nominal Zn thickness of 5
Note that the onset of the third phase coincides with the
detection of the second Zn species and the evolution of
Zn 3d emission features. The two final phases~IV and V! are
characterized by the beginning formation of a metallic ov
layer. In phase IV no Fermi edge of the Zn overlayer can
be detected, in contrast to phase V, where a Fermi edg
clearly visible in the valence-band region. In view of th
growth start of the metallic Zn overlayer, we thus tentative
assign phase IV to the existence of small Zn islands or c
ters. The distinction between phases IV and V, however
somewhat arbitrary, since it relies on the sensitivity of t
photoemission measurements such as the surface dens
states at the Fermi edge or the photoemission matrix
ment, and on the critical cluster size for the formation o
Fermi edge.

As mentioned above, we detect a surface photovolt
effect once a Fermi edge is present in the valence reg
spectra~phase V!. In our case, the correction of this effe
leads to an increase in binding-energy shift of all spec
features, i.e., to an upward shift in Fig. 5. Moreover, w
expect such a SPV effect to play an important role also
phase IV, in which the formation of the metal-semiconduc
interface begins, even though no Fermi edge is yet dete
with photoemission due to the low cross section of Zns
states. Since, in phase V, the SPV effect decreases in m
nitude for increasing Zn coverage, we expect the correc
in phase IV to be even larger. Thus, we believe that
downward ‘‘bowing’’ in phases IV and V of Fig. 5 can b
understood qualitatively on the basis of the SPV effect.

We now come back to the discussion of phase I, wh
comprises the pristine CdTe~100! surface and the very firs
deposition step. Phase I is displayed together with phase
Fig. 6 on a linear scale~lines are intended as guide to th
eye!. As can clearly be derived from Fig. 6, there is a pr
nounced difference between the binding-energy shift of
valence-band edge and those of all other investigated
tures, which is established in the very first Zn deposit
step. Note that the errors for the binding-energy determ
tion are estimated to be 0.05 and 0.1 eV for the photoem
sion peaks and the valence-band edge, respectively, so
the three emission features are equal within the error b
while the difference between the valence-band edge
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those three features cannot be explained solely by dete
nation errors.

Which origins could account for a difference in the ba
bending of different photoemission spectral features? In p
ciple, a surface band bending induced by surface state
adsorbate atoms is expected to alter the local electronic
tential, and will thus affect all spectral features equally. A
influence of final-state effects can be ruled out, since o
would have to assume a better screening of the photo
for the core levels than for the valence-band maximum.
explanation based on the increase in band gap due to
formation of a ternary Cd12xZnxTe compound also appear
unlikely, because of the small amounts of Zn deposited d
ing the first deposition step.

We favor a different explanation for the enhanced dow
ward shift of the valence-band~VB! edge, which is the satu
ration of surface defects or quenching of surface states w
are located just above the VB edge by adsorbed Zn atom
was pointed out by Gawlik and co-workers15,16 for the ~1
31!-unreconstructed CdTe~100! surface that the top of the
valence band at theG point consists of a surface resonan
superposed onto the bulk band structure. For certaink-space
directions, surface states are detected above the val
band. This surface resonance could be visible in the sp
trum of the pristine surface, and could be rapidly quench
by small amounts of Zn. In addition, surface defects, such
Cd and Te surface vacancies, terrace steps, and dislocat
may also contribute to the surface density of states at
above the actual valence-band edge. In our case, the m
existence of a~131!-unreconstructed surface gives som
evidence for an imperfect distribution of unsaturated bon
which can be related to an increased density of surface
fects. Moreover, the downward shift ofall emission features
after the first deposition step can be interpreted as a cha
of the Fermi-level pinning position due to a saturation
surface defects or a quenching of the surface resonance.
it appears very likely that the adsorbed Zn atoms in the v
first deposition step primarily influence the surface resona
and/or defects, leading to a reduced surface density of st

FIG. 6. Enlarged view of the binding-energy shifts of Fig. 7 f
the first few deposition steps on linear coverage scale~phases I and
II !. The lines were determined by a least-square fit and are inten
as a guide to the eye. A significantly larger binding-energy shift
the valence band edge as compared to all other spectral featu
established in the very first deposition step.
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13 340 56C. HESKEet al.
at and above the valence-band maximum; this causes
increased shift of the ‘‘VB edge.’’ The fact that the edg
shape is not changed upon this shift is not surprising if
magnitude of the shift, the experimental resolution, and
probably broad spectral distribution of such states are c
sidered.

The explanation of a surface defect saturation or surf
resonance quenching by adsorbed Zn atoms in the very
deposition step is corroborated by an investigation of
SCLS’s of the topmost Cd atoms. Figure 7 shows the
3d3/2 core levels for the pristine CdTe~100! surface~a!, after
the first Zn deposition step~b!, and for high nominal Zn
coverages@~c!: 10 Å and~d!: 18 Å#. As discussed above fo
the Cd 4d levels, a SCLS is detected as a shoulder at
high-binding-energy side. Since no SCLS is found for the
3d3/2 level ~not shown!, we conclude a Cd termination of thi
surface, in accordance with earlier results.5,7 The relative in-
tensity of the surface-shifted component was increased
choosing the photon energy such as to maximize the sur
sensitivity.7 Contrary to what one would expect for the rel
tive surface intensity upon deposition of adsorbate atoms
Cd surface-shifted componentincreasesafter the first Zn
deposition step~the surface-to-bulk area ratio increases s
nificantly from 0.23 to 0.31!. For further deposition steps, th
relative surface intensity does indeed decrease, as expe
This finding is in accordance with the idea of passivation
surface defects by adsorbed Zn atoms in the very first de
sition step, leading to a more homogeneous potential di
bution at and within the surface top layer. Thus more
atoms are embedded in an environment characteristic o
surface-shifted emission features in Fig. 7. For example
Cd vacancy in the top layer will reduce the Madelung pot
tial for all neighboring Cd atoms. This will lead to a shi
toward smaller binding energy, i.e., toward the bulk positio
The passivation of the Cd vacancy by a Zn atom will reve
this shift, and hence an increased surface component wi
detected@Fig. 7 ~b!#. Furthermore, a Cd vacancy will als
alter the electronic state of neighboring Te atoms in the s
ond layer, and hence also indirectly influence the neighb

FIG. 7. Photoemission spectra of the Cd 3d3/2 core levels for the
pristine CdTe~100! surface~a!, after the first Zn deposition step~b!,
and for high nominal Zn coverages@~c! 10 Å and~d! 18 Å#. Below
each spectrum the residual, i.e., the difference between the
surement and the Voigt line shape fit is shown.
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ing Cd atoms in the top layer. Again, this influence wou
lead to a shift towards the bulk position, and is reversed
the passivation of the Cd vacancy by a Zn atom. It is emp
sized that the relative intensity of the SCL-shifted comp
nent is hence a direct measure of the quality and homog
ity of the topmost surface layer.

As stated above, the surface-shifted component decre
with increasing Zn coverage, but nevertheless rema
present, as can be seen in Fig. 7~c! for the 10-Å spectrum.
Conversely, no Te SCLS is detected throughout the wh
deposition series. Apparently the Cd termination is not ab
ished in the interdiffusion and interface formation process
Once the metallic Zn overlayer is established and a Zn Fe
edge can be detected, a third Cd species at lower bind
energy~0.75 eV with respect to the bulk Cd emission fro
CdTe! can be detected, as shown in Fig. 7~d! for a nominal
Zn thickness of 18 Å. Three possible origins of this thi
species are feasible: First, this species pertains to emis
from Cd in an interfacial layer between the~interdiffused and
Cd-‘‘terminated’’! Cd~Zn!Te semiconductor and the metall
Zn overlayer. Second, Cd can be dissolved in the growing
film, either forming an intermetallic compound@as is known
for Cd concentrations up to 1.17%~Ref. 30!# or an alloy.
Finally, of course, segregation of Cd and enrichment on
surface of the Zn overlayer can be expected. Even tho
none of these three interpretations can be completely ru
out on the basis of our experimental results,31 we favor the
third explanation, since we detect a strong enhancemen
the Cd signal in surface sensitive measurements as comp
to bulk measurements for the 18-Å Zn deposition step; t
will be discussed in more detail in Sec. V. Note that t
surface-shifted Cd component can still be detected in
high-coverage spectrum, which is ascribed to emission fr
Cd atoms at the Zn/Cd~Zn!Te interface. This component i
enhanced with respect to the bulk signal, while the ove
intensity of the Cd 3d3/2 peaks is significantly reduced
These findings are consistent with the assumption that the
atoms at the interface exhibit a similar peak position as
previous surface atoms.

In Fig. 8, the evaluation of the Cd surface core-level sh
is presented on a logarithmic Zn coverage scale. The s
line ~intended as guide to the eye!, full dots, and the left
ordinate pertain to the surface-to-bulk peak area ratio of
Cd 3d3/2 spectra. This is consistent with the substitution
Cd atoms by Zn in the surface~or interface! layer ~and an
additional indiffusion of Zn atoms!, that the SCLS ratio de-
creases with increasing Zn coverage in the range of 0.05
Å. Note that this behavior cannot be explained only by t
formation of a closed or partial Zn overlayer, since bo
signals would be attenuated by the same factor~this factor
depends solely on the attenuation length of photoelectr
within the overlayer, which is identical for both signals u
der consideration!. The SCLS remains approximately con
stant for all coverages~open squares, dotted line and rig
ordinate!. At this stage of the analysis, we have identifi
several different phases of the Zn/CdTe interface format
which will be further discussed in Sec. V.

V. A PHASE MODEL FOR THE Zn/Cdte INTERFACE
FORMATION

A. Interpretation of experimental results

This section is aimed at a further clarification of the Z
interdiffusion behavior during each phase of the Zn/Cd

a-



s
h
ti
fir

e
tio
a
,
f
b-
ts
V
ig
ce
a
b

sio
an
h
c
s

er
Z
n
o

re

s
na
le
ss

rate

and

ig.
n-

ial
es
d
is

e
n-
dea
ery

Te
in
ro-
-
m

rtial

ll
e
es
-

in

e

ri-
rage
-

sitiv-

the
he

ed
ths

56 13 341FORMATION OF THE Zn/CdTe~100! INTERFACE: . . .
interface formation. In the data and interpretations given
far, we have neglected the quantitative analysis of the p
toemission spectra. This has also been done by investiga
the peak areas of all spectral features obtained in the
deposition series.

A quantitative analysis of peak areas from well-order
surfaces can strongly depend on photoelectron diffrac
~PED! effects. In fact, we have observed significant pe
area variations for the Te 3d5/2 core level of a Cd-terminated
c(232)-reconstructed Cd~Zn!Te surface upon variation o
the photon energy.20 Since nearly no PED effects were o
served for the Cd 3d5/2 core level, and since the PED effec
for Te become negligible for kinetic energies above 65 e
most of the peaks investigated in this study will not be s
nificantly affected by PED effects. Although some influen
on the results from the synchrotron measurements of Te
Cd 4d levels cannot be ruled out, the overall trends to
discussed in this section will nevertheless remain valid.

The normalized peak areas of the various photoemis
peaks are presented in Fig. 9. The normalization of Cd
Te peaks was performed by dividing the peak area at eac
deposition step by the value for the pristine CdTe surfa
thus obtaining a ‘‘relative intensity.’’ The relative intensitie
for the Cd and Te peaks at a nominal Zn thickness of 0 Å are
therefore equal to unity. Analogously, the Zn peaks w
normalized by the peak area at the maximal nominal
thickness~i.e., at 35 Å!; the normalized Zn areas at 0-Å Z
are zero. Open symbols represent the synchrotron ph
emission results obtained forhn590 eV, while filled sym-
bols refer to the MgKa XPS measurements. Cd levels a
denoted by circles~4d and 3d3/2, respectively!, Te levels by
squares~4d and 3d3/2), and Zn levels by triangles~3p and
2p3/2). Employing a wide range of different photon energie
the kinetic energies of the investigated photoelectron sig
and hence their information depth could be varied. Tab
gives an overview of the kinetic energies used and the a
ciated electron inelastic mean free paths~IMFP’s! derived
from the universal curve given by Seah and Dench,32 which

FIG. 8. Evaluation of the surface core-level shift~SCLS! data as
derived from the Cd 4d3/2 core-level spectra. The solid line and fu
circles pertain to the SCLS ratio~i.e., the peak area ratio of th
surface to bulk contributions!, the dashed line and open squar
represent the SCLS itself~i.e., the binding-energy difference be
tween the two components!. No significant trends are observed
the latter case, while the SCLS ratio decreases with increasing
coverage. The straight lines were determined by a least-squar
and are merely intended as guides to the eye.
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are in good qualitative agreement with recent, more accu
results published by Powell33 and Gries.34 The validity of the
IMFP dependence on the kinetic energy given by Seah
Dench has been confirmed in case of ZnSe~100! in Ref. 35.

Figure 9 is subdivided into five different phases like F
5. During the first phase we find a significant intensity i
crease of the surface sensitive Zn 3psignal from 0 to 0.33,
while all other relative intensities remain close to their init
value for the pristine surface. This is derived from the valu
at 0.1 Å and those at 0 Å, which are 0 for Zn and 1 for C
and Te. The error bar for the peak area determination
approximately65%, leading to an error bar for the relativ
intensities of67%. The significant increase in relative inte
sity of the surface-sensitive Zn signal corroborates the i
of a Zn-induced saturation of surface defects within the v
first deposition step.

In the second phase, all relative intensities of Cd and
remain close to unity, while there is a significant increase
the Zn signals, in particular in the surface-sensitive synch
tron measurements of the 3p signal. Apparently, the deposi
tion of Zn does not significantly reduce the emission fro
the substrate peaks. This is again compatible with a pa

Zn
fit,

FIG. 9. The development of the relative intensities of the va
ous Cd, Te, and Zn photoemission peaks as function of Zn cove
in a semilogarithmic plot~first series!. Open symbols represent syn
chrotron photoemission measurements with higher surface sen
ity as compared to MgKa XPS measurements~full symbols!. The
normalization was performed by dividing each data point by
corresponding value at 0-Å Zn for Cd and Te or at 35 Å for Zn. T
various interdiffusion phases~I–V! are discussed in the text.

TABLE I. Kinetic energies of the photoelectron peaks contain
in Fig. 9, along with their corresponding inelastic mean free pa
~IMFP’s!, according to Seah and Dench~Ref. 32!.

Peak hn ~eV! Ekin ~eV! IMFP ~Å!

Cd 3d3/2 1253.6 843 15.7
Cd4d 90 79.0 5.0

Te 3d3/2 1253.6 671 14.0
Te4d 90 48.5 4.4

Zn 2p3/2 1253.6 232 8.3
Zn 3p 202 110 5.8
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indiffusion of Zn, and rules out the formation of a Zn ove
layer. At this stage, a discussion of possible indiffusion pa
appears appropriate. First, Zn is expected to migrate a
paths of increased bulk defect density~in particular Cd va-
cancies!. Second, a migration along interstitial sites is po
sible, as reported for Ag in CdTe~Ref. 36! and Zn in
Al xGa12xAs superlattices.37 For Zn in InP, an interstitial-
substitutional diffusion mechanism was derived,38 while Zn
is stable on an interstitial site of ZnSe up to 260 K.39 Finally,
an exchange mechanism of Zn and Cd has to be consid
as well. In this case the released Cd atoms could be
sorbed, could migrate into the bulk~i.e., leave the photo-
emission information volume!, segregate at the surface,
diffuse by occupying lattice defects~particularly Cd vacan-
cies! or interstitial lattice sites, as reported for Ag in CdTe40

These alternatives and their influences on the photoemis
signals of both surface- and bulk-sensitive measurem
have to be addressed by the model to be presented below
this stage we would merely like to mention that in the seco
phase of Zn/CdTe interface formation~II !, we expect a domi-
nance of the Cd-Zn exchange within the photoemission
formation volume, thus detecting a Zn chemical state eq
to substitutional Zn in Cd12xZnxTe for the Zn 3p spectra in
Fig. 4 ~i.e., the first Zn species!. This leads to an increase i
both Zn signals, as derived from Fig. 9; moreover, we exp
the Cd atoms to remain within the information volume eith
at lattice defects or on interstitial lattice sites, thus show
no significant variations of both Cd signals.

In contrast to phase II, in phase III we detect a signific
difference in the relative intensities for the Cd signals. In t
phase, the second Zn species appears in the Zn 3p spectra,
which we have correlated with a more metallic chemi
state of the Zn atoms. Thus the following description for t
third phase is favored: freshly deposited Zn atoms conti
ously diffuse into the CdTe bulk region. Some Cd atoms
lattice sites are still replaced by Zn, while an increasing nu
ber of Zn atoms also occupies interstitial and defect sites~the
second Zn species!, forcing the Cd atoms to migrate into th
bulk of the sample~thus leaving the information volume o
our experiment! and to the surface. Moreover, the~local!
lattice parameter is expected to decrease upon the exch
of Cd by Zn on a regular lattice site, so that the Cd atoms
forced away from the contracted area~again into the bulk or
to the surface!. Accordingly, we find a significantly large
decrease in the XPS measurements of Cd as compared t
surface-sensitive synchrotron results, as would be expe
for a surface segregation and a migration into the bulk
yond the photoemission information depth.41 The suggestion
of surface segregation is supported by the fact that no LE
pattern was observed for nominal Zn coverages above 3

Phases IV and V have already been assigned to the e
tence of metallic Zn clusters or islands~phase IV! and the
formation of a metallic Zn overlayer~phase V!. As would be
expected for such a picture, the relative intensities of
substrate signals are decreased, while the relative intens
of Zn ~forming the overlayer! are increased.

In order to gain more insight into the quantitative beha
ior of the relative intensities for increasing nominal Zn thic
ness, we employed a simple model of exponential atten
tion of the photoemission signal with increasing emit
depth relative to the surface. The first step was to plot
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data presented in Fig. 9 in an alternative way~Fig. 10!. Here,
the normalization was performed separately for each ph
by dividing the photoemission peak areas of the correspo
ing emission features by their value for the lowest nomi
Zn coverage of that particular phase. For example, all em
sion intensities of phase III were normalized by their resp
tive value at a nominal Zn thickness of 1 Å. Moreover, w
divided the relative intensity ratio of the synchrotron me
surements~with high surface sensitivity! by the correspond-
ing XPS value~with lower surface sensitivity!, thus forming
a relative intensity ratio~RIR!. An increase in the RIR with
increasing nominal Zn thickness will therefore represen
relative enhancement of the surface signal as compare
the bulk signal. Based on the error for peak area determ
tion of 5% a relative error of 10% is derived for the RI
values.

Is our interdiffusion model compatible with Fig. 10? Th
starting point of phase II is, according to our model, t
pristine CdTe surface, with some Zn atoms passivating
surface defects of the substrate. Thus, the normalizatio
the Zn RIR of phase II is performed with a sample state
Zn atoms primarily located in the first monolayer~note that
the data in Figs. 9 and 10 pertain to the first series, where
Zn was found in the pristine CdTe substrate!. With increas-
ing nominal thickness, some Zn atoms are adsorbed on
surface, but significantly more atoms diffuse into the ne
surface bulk region, therefore enhancing the bulk-sensi
signal more strongly, and reducing the Zn RIR in phase II
well as in all other phases~III–V !. The Cd and Te RIR
remain close to unity in phase II. Assuming a homogene
distribution of Cd and Te atoms at a nominal Zn thickness
0.1 Å, this can be associated with a homogeneous distr
tion throughout phase II as well. In phase III, however, w
derive a marked difference for Cd and Te: while the Te R
stays close to unity again, the Cd RIR increases significan
revealing an enhancement of the surface-sensitive signa

FIG. 10. Relative Cd, Te, and Zn photoemission peak inten
ratios as function of Zn coverage on a semilogarithmic scale~first
series!, normalized by the corresponding start coverage of each
terdiffusion phase. The relative intensity ratio for each element w
formed by dividing the normalized relative intensity of the surfac
sensitive synchrotron measurement by the corresponding b
sensitive XPS data. The various interdiffusion phases~II–V ! are
discussed in the text.
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56 13 343FORMATION OF THE Zn/CdTe~100! INTERFACE: . . .
compared to the bulk-sensitive case. This finding supp
the idea of a Cd surface segregation during phase III.

According to our model, phases IV and V are domina
by the formation of metallic Zn clusters and islands, lead
to the formation of a metal Zn overlayer with a detecta
Fermi edge. In this case, a reduction of the Cd and Te R
would be expected, since the information depth of
surface-sensitive measurements is more and more occu
by Zn atoms in the overlayer, thus reducing the relative
tensity of the synchrotron measurements with respect to
XPS measurements. This behavior can be found for the
RIR, while the Cd RIR increases significantly at the la
deposition step. In this case, as already discussed in con
tion with SCLS investigations, we find a third Cd specie
which is, in view of the increased RIR, attributed to a se
regated species on top of the growing metallic Zn overlay
The decrease of the Zn RIR suggests that a signific
amount of Zn atoms still diffuses into the semiconduc
bulk.

B. Calculations

In order to support the described model further, we p
formed calculations based on an exponential dependence42 of
the photoemission intensity on the emitter positionz, the
attenuation lengthlM(EX) of photoelectrons of elementX
with kinetic energyEX in the crystal matrixM , and on the
atomic densitiesNX(z), X being Cd, Te, or Zn. We assume
normal emission~as in our experiment!, and summarized
ionization cross sections, spectrometer terms, and la
variations into a normalization termI X

o , thus arriving at an
expression for the photoelectron intensity for a kinetic e
ergy EX :

I X~EX!5I X
oE

0

`

NX~z!exp@2z/lM~EX!#dz. ~1!

Comparing the results of our calculations with Fig. 10,
have to form the RIR for two different kinetic energiesEX

1

and EX
2 and for both, the nominal Zn thicknesss and its

reference valuesref ~i.e., 0.1 Å in phase II and 1 Å in phase
III !:

RIR5
I X~EX

1 ,s!/I X~EX
1 ,sref!

I X~EX
2 ,s!/I X~EX

2 ,sref!
. ~2!

Note that, upon evaluating Eq.~2!, the I X
o normalization

terms are canceled, thus eliminating any dependence o
RIR on photoemission cross sections and spectrom
terms. Moreover, normalization factors for the atomic den
ties NX are canceled as well, so that we could employ
convenient parametrization the relative atomic densities w
respect to the pristine CdTe sample. Thus the atomic den
of Cd is 1 for CdTe, 2 for a pure Cd overlayer, and 12x
when a fraction ofx Cd atoms is replaced by Zn atom
Accordingly, the atomic density of Zn is also related to t
Cd density in pristine CdTe, therefore assigningNZn51 to a
pure ZnTe sample,NZn52 to a pure Zn overlayer, an
NZn50 to the pristine CdTe sample.

Finally, we have to derive values for the attenuati
lengthlM(EX) within the matrixM . Generally, our consid-
ts
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erations are based on the curve for inelastic mean free
given by Seah and Dench32 by assuming a universal valu
luniv.5lCdTe, and hence a constant density of valence el
trons @these values are given in Table I~Ref. 43!#. In phase
II, however, the density of valence electrons is increa
according to our model of additional Zn atoms within th
CdTe matrix. We thus assumed an inverse linear depend
of the attenuation lengthl on the atomic densities of Cd, Zn
and Te, as is consistent with the linear dependence of
ionization cross-section on the electronic density:44–46

l~EX ,z!5lCdTe~EX!
2

NCd~z!1NTe~z!1NZn~z!
. ~3!

This ansatz ignores both distortions of the lattice in ca
of a Cd-Zn exchange due to different atomic radii, and
fact that a Cd-Zn exchange will decrease the overall elec
density, while the valence electron density will be more
less unchanged. Note that the attenuation lengthl(EX ,z) to
be used for the RIR calculation is now dependent on
z-position of the photoemitting atom.

The RIR evaluation for each phase of the Zn/CdTe int
face formation is based on individual models for the atom
densitiesNX , and thus also forl(EX ,z), because of Eq.~3!.
For the first phase of the interface formation, we assumed
formation of a pure Zn layer of a nominal thickness of 0.1
on top of the pristine CdTe surface. With this assumpti
RIR values at 0.1 Å of 0.987 for Cd and 0.984 for Te a
derived, i.e., only a small decrease occurs in both cases
general, the RIR of a substrate element is reduced whe
overlayer of a different material is deposited, since the ov
layer affects the information depth of the surface-sensit
measurement more strongly than that of the bulk-sensi
measurement.

Results from the calculations for phases II and III a
shown in Fig. 11. In phase II a reasonably good agreem
with the experimentally observed RIR values can be
tained by starting with the 0.1-Å Zn-covered surface. Also
constant Zn diffusion profile is assumed, with a const
fraction of Zn atoms up to a variable diffusion depth in a
dition to the Cd atoms of the pristine CdTe matrix~no Cd
reduction, no Zn atoms beyond the diffusion depth!. This

FIG. 11. Results of a model calculation for the relative intens
ratios of phase II and of a modified phase III* , calculated for the
nominal Zn coverages of the experimental results of Fig. 13. Det
of the model are described in the text.
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leads to a decrease in attenuation length within the Zn di
sion depth according to Eq.~3!, thus influencing the infor-
mation depth of all photoelectrons by an amount determi
by the position of their emitter atoms. For the results sho
for phase II in Fig. 11, we added one Zn atom per 15
atoms within a diffusion depth determined by the nominal
thickness. For example, the maximum Zn diffusion depth
1 Å Zn is then'30 Å. With these assumptions we find
significant reduction of the Zn RIR and a constancy of
Cd and Te RIR, in agreement with the experimental res
of Fig. 10. The values of the Zn RIR can be modified
varying the overlayer thickness~derived from phase I!, the
fraction of in-diffused Zn atoms, the attenuation lengths, a
the diffusion profile, while the overall trend remains u
changed. This finding further supports our interpretation
the second phase, in which Zn atoms diffuse into the Cd
surface region without changing the Cd concentration s
nificantly ~e.g., by occupying Cd vacancies and other def
sites!.

In phase III, we assumed a replacement of Cd by
atoms throughout the maximum diffusion depth of phase
followed by a segregation of Cd atoms. The Zn diffusi
depth was held constant for increasing nominal Zn cover
in order to separate the influences of Cd segregation from
effects already discussed in phase II. This, of course, d
not fully correspond to the proposed model for the interfa
formation, for which a further increase of the Zn diffusio
depth would be expected for increasing Zn coverage~we
thus denote the results of this simplified calculation
‘‘phase III* ’’ !. A more valid description can, however, b
reached by qualitatively combining the results for phase
with those for phase III* . For phase III* , sum rules were
applied in order to determine the fraction of Cd atoms be
replaced by Zn and forced to the surface. As shown in F
11, the Cd RIR is significantly increased in phase III* , while
both the Te and Zn RIR are reduced. While the Cd R
increase in both, the calculations and the experiment is
regarded as a direct consequence of the Cd-Zn exchange
the Cd segregation, the reduction of Te and Zn is due to
formation of an additional overlayer of a different materi
Thus the attenuation for Te is stronger than for Zn, since
difference in the attenuation lengths is larger in the Te ca
In the case of Cd desorption or of Cd migration into the b
of the sample, a reduced increase of the Cd RIR is deriv
while the general trend remains unaltered.

As stated above, the behavior of phase III* is likely to be
more realistic when the results of phase III* are combined
with those of phase II, i.e., with a decrease in Zn RIR an
constancy for Cd and Te due to further indiffusion of Z
atoms. Thus the decrease of the Zn RIR in phase III* is
actually steeper, in accordance with our experimental res

The experimental evolution of the Te RIR, in contra
cannot be explained on the basis of our simple Cd-Zn
change model. We believe that this discrepancy is due
additional Te segregation, as has been frequently enc
tered in noble-metal/~Hg!CdTe and Mn/Cd~Zn!Te
interfaces.20,47–51 In the latter case, the in-diffusing Mn a
oms are expected to replace Cd atoms~just as in our case o
Zn/CdTe!, so that a Te segregation would not have be
expecteda priori, but nevertheless is unambiguously o
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served. Thus we conclude that an additional Te segrega
is feasible in our case as well, which is indirectly support
by the results of the calculation for phase III* . The fact that
the increase in the Te RIR in Fig. 10 is significantly smal
than for the Cd RIR suggests that the amount of segrega
Te atoms is significantly smaller than that of segregating
atoms.

VI. SUMMARY

Mg Ka and synchrotron photoemission experiments ha
been combined to study the interface formation of Z
CdTe~100!. Five different phases have been distinguished
increasing Zn coverage by valence- and core-level bindi
energy shifts, peak area investigations, and surface core-
shifts. Based on simple calculations of the attenuation
photoemission intensities, an interdiffusion model has b
proposed.

In the first phase, adsorbed Zn atoms passivate sur
defects, as can be derived from the band-bending beha
and from the surface core-level shifts. In phase II, Zn ato
diffuse into the CdTe matrix, occupying lattice sites, presu
ably by passivating Cd vacancy defects, and by forcing
atoms into interstitial sites. This finding is inferred from th
Zn line position and the attenuation behavior of all pho
emission peaks with increasing Zn coverage. Phase II
characterized by further Zn indiffusion and surface segre
tion of Te atoms and, predominantly, of Cd atoms be
replaced by Zn. Moreover, Zn atoms are presumably loca
in interstitial sites, as judged from the Zn line position. B
comparison of the binding-energy shifts of several spec
features, we arrive at a simple method of distinguishing
tween the formation of a Cd~Zn!Te compound~phase II! and
the onset of surface segregation~phase III!, which is associ-
ated with a sharp downward band bending. The formation
metallic islands and a metallic overlayer with simultaneo
indiffusion of Zn is subdivided into phase IV, in which
metal-induced band bending is observed, leading to a sur
photovoltage effect~SPV!, and phase V, in which the detec
tion of a Fermi edge gives direct proof of this SPV effe
Moreover, a further Cd species is detected in phase V,
can be correlated with segregated Cd in a metallic surrou
ing.

These findings suggest an elegant way to tailor the e
tronic structure of Cd~Zn!Te~100! surfaces by indiffusion of
Zn atoms into CdTe in a near-surface region. Within th
region we expect the Zn atoms to passivate both surface
bulk defects, while the compound semiconductor Cd~Zn!Te
is formed. The onset of segregation marks the end of
formation process of a well-defined Cd~Zn!Te~100! surface
with maximal Zn content. Since this onset is easily detec
by a sharp increase in band bending, the indiffusion of
presents an easy,in situ method to optimize semiconducto
heterojunctions involving Cd~Zn!Te as a substrate materia
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